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Introduction 


The 1983 edition of the National Semiconductor Interface / 
Bipolar LSI 7 Bipolar Memory / Programmable Logic 
Databook is the most comprehensive available. It con- 
tains complete specifications on these high technology 
products, as well as applications information, product 
selection and cross reference guides. 


Quality and Reliability 

As electronic systems become more and more complex, 
the need for consistently high quality integrated circuits 
becomes increasingly important. Having recognized this 
need as far back as the 1970s, National Semiconductor in- 
itiated a unique, company-wide Quality Improvement Pro- 
gram. The results have been dramatic and, we believe, 
unmatched in this industry. Over the years, National has 
regularly been named by many major customers as “Qual- 
ity Manufacturer of the Year.” We are proud of our suc- 
cess, which sets a standard for others to achieve. And yet 
our quest for perfection is ongoing, so that customers can 
continue to rely on National Semiconductor integrated cir- 
cuits and products in their system designs. 
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Einfiihrung 

Die 1983er Ausgabe des National Semiconductor Inter- 
face/Bipolar LSI/Bipolar Memory/Programmable Logic 
Datenbuches ist die umfassendste Ausgabe die jemals 
zur verfugung stand. Sie beinhaltet komplette Spezifika- 
tionen dieser hochtechnologischen Produkte so wie 
Angaben uber Anwendungsmoglichkeiten, Produktselek- 
tion und Referenzlisten. 


Qualitat und Zuverlassigkeit 

Mit derzunehmenden Komplexitat derelektronischen Sys- 
teme wird die Notwendigkeit integriete Schaltungen mlt 
hoher Qualitat immer wichtiger. Dies bereits in den 70iger 
Jahren erkannt, entwickelte National Semiconductor ein 
einmaliges, firmenweites “Qualitatsverbesserungspro- 
gramm”. Die damit von National Semiconductor erreich- 
ten Ergebnisse sind bis heute— wie wir glauben— uner- 
reicht. Wahrend der letzten Jahre wurde National 
Semiconductor regelmassig als “Qualitatshersteller Nr 
1” bewertet. Auf diesen Erfolg sind wir stolz. Er setzt neue 
Mass-Stabe fur die Industrie. Und doch gehen unsere 
Austrengungen zu immer hoheren Perfektion weiter, so 
dass sich unsere Kunden auch in Zukunft auf National 
Semiconductor’s integriete Schaltungen und Produkte in 
ihren Systemen absolut verlassen konnen. 


L’edition 1983 du catalogue National Semiconductor 
Interface/Bipolar LSI/Bipolar Memory/Programmable 
Logic est le plus accessible des catalogues disponibles. 
Le contenu de cette gdition specifie completement ces 
produits a technologie de pointe et decrit des examples 
d’application, plus une selection de produits avec une 
lisle de correspondance. 

Qualite et Fiabiiite 

La complexity croissante des systemes electroniques 
demande des circuits integres de plus en plus haute qual- 
ite. Conscient de ce besoin des les annees 70 National 
Semiconductor fut a I’origine d’un programme unique ac- 
centuant la qualite de tous ses produits. Les resultats 
furent spectaculaires et inegales. Depuis National 
Semiconductor a regu la distinction pour la qualite de ses 
produits de la part de ses clients. Nous sommes tiers de 
ce succes qui force les autres a suivre nos standarts. 
Notre recherche de la perfection se poursuit apportant la 
confiance pour nos clients en nos produits et leur utilisa- 
tion pour leurs systemes. 
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TRADEMARKS 


Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


Abuseable™ 

M 2 CMOS™ 

SERIES/800™ 

Anadig™ 

Macrocomponent™ 

SPIRE™ 

Auto-Chem Deflasher™ 

Microbus™ data bus (adjective) 

Starlink™ 

BI-FET™ 

microCMOS™ 

STARPLEX™ 

BLC/BLX™ 

MICROWIRE™ 

STARPLEX II™ 

CIM™ 

MICRO-DAC™ 

SuperChip™ 

Cl M BUS™ 

MST™ 

SYS-16™ 

CIM-BD™ 

Nitride Plus™ 

TAPE-PAK™ 

CIM-XXX™ 

Nitride Plus Oxide™ 

Trapezoidal™ 

COPS™ microcontrollers 

NSC800™ 

TRI-CODE™ 

DIB™ 

NS16000™ 

TRI-POLY™ 

DIGITALKER™ 

NSX-16™ 

TRI-SAFE™ 

DISCERN™ 

NURAM™ 

XMOS™ 

DNR™ 

OXISS™ 

XPU™ 

DPVM™ 

P 2 CMOS™ 

Z STAR™ 

E-Z-LINK™ 

Perfect Watch™ 

883B/RETS™ 

HEX 3000™ 

Polycraft™ 

883S/RETS™ 

ISE™ 

POSitalker™ 

The National Anthem' 

Integral ISE™ 

QUAD3000™ 

Datachecker® 

Intelisplay™ 

RAT™ 

Maxi-ROM® 

ISE-16™ 

Shelf-Chek™ 

TRI-STATE® 


PAL® and PALASM® are registered trademarks of Monolithic Memories, Inc. 
VAX® is a registered trademark of Digital Equipment Corp. 


LIFE SUPPORT POLICY 

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUTTHE EXPRESS WRITTEN APPROVALOFTHE PRESIDENTOF NATIONALSEMICONDUCTOR 
CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support 
which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea- 

body, or (b) support or sustain life, and whose failure to sonably expected to cause the failureof the life support 

perform, when properly used in accordance with in- deviceorsystem,ortoaffectitssafetyoreffectiveness. 
structions for use provided in the labeling, can be rea- 
sonably expected to result in a significant injury to the 
user. 


National Semiconductor Corporation 2900 Semiconductor Drive Santa Clara, California 95051 Tel: (408) 721-5000 TWX: (910) 339-9240 

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time without notice, to change said circuitry or specifications. 
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Alpha-Numerical Index 

App Brief 1 DP8408, DP8409 Application Hints 7-65 

App Brief 2 Memory Systems with ECC Using the DP8400 7-191 

App Brief 9 DP8408/9 Fastest DRAM Access Mode 7-66 

AN-22 Integrated Circuits for Digital Data Transmission 1-123 

AN-76 Applying Modern Clock Drivers to MOS Memories 6-88 

AN-84 Driving 7-Segment Gas Discharge Display Tubes with 

National Semiconductor Circuits 5-169 

AN-99 Driving 7-Segment LED Displays with National Semiconductor 

Circuits 5-173 

AN-108 Transmission Line Characteristics 1-139 

AN-199 A Low Component Count Video Data Terminal Using 

the DP8350 CRT Controller and the INS8080 CPU 5-30 

AN-203 Bit Slice Microprocessor Design Takes a Giant Step Forward with 

“Schottky-Coupled-Logic” Circuits 23-93 

AN-212 Graphics Using the DP8350 Series of CRT Controllers 5-44 

AN-213 Safe Operating Areas for Peripheral Drivers 3-68 

AN-214 Transmission Line Drivers and Receivers for EIA Standards 

RS-422 and RS-423 1-145 

AN-216 Summary of Electrical Characteristics of Some Well Known 

Digital Interface Standards 1-155 

AN-217 High-Speed Bit Slice Microsequencing Design 23-105 

AN-230 Fine Tuning the ALU Carry Path 23-112 

AN-243 Graphics/Alphanumerics Systems Using the DP8350 5-48 

AN-259 DS3662— The Bus Optimizer 2-33 

AN-270 Software Design for a High Speed (38.4 kbaud) Data Terminal 5-76 

AN-302 The DP8400 Family of Memory Interface Circuits 7-3 

AN-305 Precautions to Take When Driving Memories 7-68 

AN-306 Expanding the Versatility of the DP8400 7-104 

AN-308 DP8400S in 64-Bit Expansion 7-116 

AN-309 Interfacing the DP8408/09 to Various Microprocessors 7-177 

AN-334 LSI Components for Winchester Disk Drives and Controllers 10-3 

AN-335 Digital PLL Synthesis 11-40 

AN-336 Understanding Integrated Circuit Package Power Capabilities 12-11 

AN-337 Reducing Noise on Microcomputer Buses 2-40 

DM10414 256 x 1 ECL Random Access Memory 22-32 

DM10414A 256 x 1 ECL Random Access Memory 22-32 

DM10415 1024 x 1 ECL Random Access Memory 22-37 

DM10415A 1024 x 1 ECL Random Access Memory 22-37 

DM 10422 1024-Bit (256x4) ECL RAM 22-42 

DM10422A 1024-Bit (256x4) ECL RAM 22-45 

DM10470 Standard 4096-Bit (4096x1) ECL RAM 22-48 

DM10470A High Speed 4096-Bit (4096 x 1) ECL RAM 22-48 

DM10470L Low Power 4096-Bit (4096x1) ECL RAM 22-48 

DM 10474 (1024x4) 4096-Bit, 10k ECL RAM 22-53 

DM10474A (1024 x 4) 4096-Bit, 10k ECL RAM 22-53 

DM10900 8-Bit Parity ALU Slice ; . V 23-62 

DM54S188 (32 X 8) 256-Bit TTL PROM 21-6 

DM54S189 64-Bit (16x4) TRI-STATE RAM 22-3 

DM54S189A High Speed 64-Bit TRI-STATE RAM 22-3 

DM54S287 (256 x 4) 1024-Bit TTL PROM 21-8 

DM54S288 (32x8) 256-Bit TTL PROM 21-6 

DM54S289 64-Bit Open-Collector RAM 22-3 
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Alpha-Numerical Index (Continued) 

DM54S387 (256 x 4) 1024-Bit TTL PROM 21-8 

DM54LS471 (256 X 8) 2048-Bit TTL PROM 21-12 

DM54S472 (512x8) 4096-Bit TTL PROM 21-14 

DM54S472A (512x8) 4096-Bit TTL PROM 21-14 

DM54S472B (512x8) 4096-Bit TTL PROM 21-14 

DM54S473 (512 x 8) 4096-Bit TTL PROM 21-14 

DM54S473A (51 2x8) 4096-Bit TTL PROM 21-14 

DM54S474 (512x8) 4096-Bit TTL PROM 21-16 

DM54S474A (512x8) 4096-Bit TTL PROM 21-16 

DM54S474B (512x8) 4096-Bit TTL PROM 21-16 

DM54S475 (512x8) 4096-Bit TTL PROM 21-16 

DM54S475A (512 X 8) 4096-Bit TTL PROM 21-16 

DM54S570 (512 x 4) 2048-Bit TTL PROM 21-10 

DM54S570A (512 x 4) 2048-Bit TTL PROM 21-10 

DM54S571 (512 x 4) 2048-Bit TTL PROM 21-10 

DM54S571A (512x4) 2048-Bit TTL PROM 21-10 

DM54S571 B (512 X 4) 2048-Bit TTL PROM 21-10 

DM54S572 (1024x4) 4096-Bit TTL PROM 21-22 

DM54S572A (1024 x 4) 4096-Bit TTL PROM 21-22 

DM54S573 (1024 X 4) 4096-Bit TTL PROM 21-22 

DM54S573A (1024 x 4) 4096-Bit TTL PROM '. . 21-22 

DM54S573B (1024 x 4) 4096-Bit TTL PROM 21-22 

DM74S1 88 (32 x 8) 256-Bit TTL PROM 21-6 

DM74S189 64-Bit (16 x 4) TRI-STATE RAM 22-3 

DM74S189A High Speed 64-Bit TRI-STATE RAM 22-3 

DM74S287 (256 x 4) 1024-Bit TTL PROM 21-8 

DM74S288 (32 x 8) 256-Bit TTL PROM 21-6 

DM74S289 64-Bit Open-Collector RAM 22-3 

DM74S387 (256 x 4) 1024-Bit TTL PROM 21-8 

DM74LS471 (256 X 8) 2048-Bit TTL PROM 21-12 

DM74S472 (512 x 8) 4096-Bit TTL PROM 21-14 

DM74S472A (512x8) 4096-Bit TTL PROM 21-14 

DM74S472B (512x8) 4096-Bit TTL PROM 21-14 

DM74S473 (512x8) 4096-Bit TTL PROM 21-14 

DM74S473A (512x8) 4096-Bit TTL PROM 21-14 

DM74S474 (512x8) 4096-Bit TTL PROM 21-16 

DM74S474A (512x8) 4096-Bit TTL PROM 21-16 

DM74S474B (512 x 8) 4096-Bit TTL PROM 21-16 

DM74S475 (512x8) 4096-Bit TTL PROM 21-16 

DM74S475A (512 x 8) 4096-Bit TTL PROM 21-16 

DM74S570 (512 x 4) 2048-Bit TTL PROM 21-10 

DM74S570A (512 x 4) 2048-Bit TTL PROM 21-10 

DM74S571 (512 x 4) 2048-Bit TTL PROM 21-10 

DM74S571A (512 x 4) 2048-Bit TTL PROM 21-10 

DM74S571B (512x4) 2048-Bit TTL PROM 21-10 

DM74S572 (1024x4) 4096-Bit TTL PROM 21-22 

DM74S572A (1024 x 4) 4096-Bit TTL PROM 21-22 

DM74S573 (1024x4) 4096-Bit TTL PROM 21-22 

DM74S573A (1 024 X 4) 4096-Bit TTL PROM 21-22 

DM74S573B (1024 X 4) 4096-Bit TTL PROM 21-22 

DM75S06 Open-Collector Non-Inverting, 64-Bit (16x4) RAM 22-10 

DM75S07 TRI-STATE Non-Inverting, 64-Bit (16x4) RAM 22-10 
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Alpha-Numerical Index (Continued) 

DM75S07A High Speed TRI-STATE Non-Inverting, 64-Bit (16 x 4) RAM 22-10 

DM75S68 16x4 Edge Triggered Register : 22-24 

DM76S64 Bipolar Character Generator 21-44 

DM76S128 Bipolar Character Generator 21-24 

DM77SR25 (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM77SR25B (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM77S180 (1024 x 8) 8192-Bit TTL PROM 21-24 

DM77LS181 (1024x8) 8192-Bit TTL PROM 21-26 

DM77S181 (1024x8) 8192-Bit TTL PROM 21-24 

DM77S181A (1024x8) 8192-Bit TTL PROM 21-24 

DM77SR181 (1024 x 8) 8k-Bit Registered TTL PROM 21-28 

DM77S184 (2048 x 4) 8192-Bit TTL PROM 21-30 

DM77S185 (2048x4) 8192-Bit TTL PROM 21-30 

DM77S185A (2048x4) 8192-Bit TTL PROM 21-30 

DM77S185B (2048x4) 8192-Bit TTL PROM 21-30 

DM77S190 (2048x8) 1 6, 384-Bit TTL PROM. 21-32 

DM77S190A (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S190B (2048 X 8) 16,384-Bit TTL PROM 21-32 

DM77S191 (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S1 91 A (2048x8) 16, 384-Bit TTL PROM 21-32 

DM77S1 91 B (2048x8) 16, 384-Bit TTL PROM 21-32 

DM77S195A (4096x4) 16,384-Bit TTL PROM 21-34 

DM77S195B (4096x4) 16,384-Bit TTL PROM 21-34 

DM77S280 (1024x8) 8192-Bit TTL PROM 21-24 

DM77S281 (1024x8) 8192-Bit TTL PROM 21-24 

DM77S281A (1024x8) 8192-Bit TTL PROM 21-24 

DM77S290 (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM77S290A (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S290B (2048x8) 16,384-Bit TTL PROM .! 21-32 

DM77S291 (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S291A (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S291B (2048x8) 16,384-Bit TTL PROM 21-32 

DM77S321 (4096 x 8) 32,768-Bit TTL PROM 21-36 

DM77S321 A (4096 x 8) 32,768-Bit TTL PROM 21-36 

DM77S401 First-In, First-Out (FiFo) 64x4, 64x5 Serial Memories 22-16 

DM77S401 A First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-20 

DM77S402 First-In, First-Out (FiFo) 64x4, 64x5 Serial Memories 22-16 

DM77S402A First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-20 

DM77S421 (4096 x 8) 32,768-Bit TTL PROM 21-36 

DM77S421A (4096x8) 32,768-Bit TTL PROM 21-36 

DM77SR474 (512 x 8) 4k-Bit Registered TTL PROM 21-18 

DM77SR474B (512 x 8) 4k-Bit Registered TTL PROM 21-18 

DM77SR476 (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM77SR476B (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM85S06 Open-Collector Non-Inverting, 64-Bit (16 x 4) RAM 22-10 

DM85S07 TRI-STATE Non-Inverting, 64-Bit (16 x 4) RAM . . 22-10 

DM85S07A High Speed TRI-STATE Non-Inverting, 64-Bit (16 x 4) RAM 22-10 

DM85S68 16x4 Edge Triggered Register 22-24 

DM86S64 Bipolar Character Generator 21-44 

DM86S128 Bipolar Character Generator 21-55 

DM87SR25 (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM87SR25B (51 2x8) 4k-Bit Registered TTL PROM 21-20 
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Alpha-Numerical Index (Continued) 

DM87S1 80 (1024 x 8) 81 92-Bit TTL PROM 21-24 

DM87LS181 (1024 X 8) 8192-Bit TTL PROM 21-26 

DM87S181 (1024x8) 8192-Bit TTL PROM 21-24 

DM87S181A (1024x8) 8192-Bit TTL PROM 21-24 

DM87SR181 (1024x8)8k-Bit Registered TTL PROM 21-28 

DM87S184 (2048x4) 8192-Bit TTL PROM 21-30 

DM87S185 (2048x4) 8192-Bit TTL PROM 21-30 

DM87S185A (2048x4) 8192-Bit TTL PROM 21-30 

DM87S185B (2048x4) 8192-Bit TTL PROM 21-30 

DM87S190 (2048 X 8) 16,384-Bit TTL PROM 21-32 

DM87S190A (2048x8) 16,384-Bit TTL PROM 21-32 

DM87S190B (2048 X 8) 16,384-Bit TTL PROM 21-32 

DM87S191 (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S191A (2048x8) 16,384-Bit TTL PROM 21-32 

DM87S191 B (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S195A (4096x4) 16,384-Bit TTL PROM 21-34 

DM87S1 956(4096 x 4) 16,384-Bit TTL PROM 21-34 

DM87S280 (1024x8) 8192-Bit TTL PROM 21-24 

DM87S281 (1024 x 8) 8192-Bit TTL PROM 21-24 

DM87S281A (1024x8) 8192-Bit TTL PROM 21-24 

DM87S290 (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S290A (2048x8) 16,384-Bit TTL PROM 21-32 

DM87S290B (2048x8) 16,384-Bit TTL PROM 21-32 

DM87S291 (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S291A (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S291 B (2048 x 8) 16,384-Bit TTL PROM 21-32 

DM87S321 (4096 x 8) 32,768-Bit TTL PROM 21-36 

DM87S321 A (4096 x 8) 32,768-Bit TTL PROM 21-36 

DM87S401 First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-16 

DM87S401 A First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-20 

DM87S402 First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-16 

DM87S402A First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 22-20 

DM87S421 (4096 X 8) 32,768-Bit TTL PROM 21-36 

DM87S421 A (4096x8) 32,768-Bit TTL PROM 21-36 

DM87SR474 (512 x 8) 4k-Bit Registered TTL PROM 21-18 

DM87SR474B (512 x 8) 4k-Bit Registered TTL PROM 21-18 

DM87SR476 (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DM87SR476B (512 x 8) 4k-Bit Registered TTL PROM 21-20 

DP-XXX Advanced Graphic CRT Controller, AGCRTC 5-104 

DP7303 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-6 

DP7304B 8-Bit TRI-STATE Bidirectional Transceiver 2-5,2-11 

DP7307 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-16 

DP7308 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-20 

DP7310 Octal Latched Peripheral Drivers 3-4 

DP7311 Octal Latched Peripheral Drivers 3-4 

DP8212 8-Bit Input/Output Port 8-4 

DP8212M 8-Bit Input/Output Port 8-4 

DP8216 4-Bit Bidirectional Bus Transceiver [ 8-11 

DP8216M 4-Bit Bidirectional Bus Transceiver 8-11 

DP8224 Clock Generator and Driver 8-16 

DP8226 4-Bit Bidirectional Bus Transceiver 8-11 

DP8226M 4-Bit Bidirectiorial Bus Transceiver 8-11 
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Alpha-Numerical Index (Continued) 

DP8228 System Controller and Bus Driver 8-22 

DP8228M System Controller and Bus Driver 8-22 

DP8238 System Controller and Bus Driver 8-22 

DP8238M System Controller and Bus Driver 8-22 

DP8303 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-6 

DP8304B 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-1 1 

DP8307 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-16 

DP8308 8-Bit TRI-STATE Bidirectional Transceiver 2-5, 2-20 

DP8310 Octal Latched Peripheral Drivers 3-4 

DP831 1 Octal Latched Peripheral Drivers 3-4 

DP8340 Serial Bi-Phase Transmitter/Encoder 9-3 

DP8341 Serial Bi-Phase Receiver/Decoder 9-12 

DP8342 High-Speed Serial Transmitter/Encoder 9-23 

DP8343 High-Speed Serial Receiver/Decoder 9-32 

DP8350 Series CRT Controllers 5-6 

DP8400 E 2 C 2 Expandable Error Checker and Corrector 7-72 

DP8408 Dynamic RAM Controller/Driver 7-26 

DP8409 Multi-Mode Dynamic RAM Controller/Driver 7-43 

DP8419 High Speed Dynamic RAM Controller/Driver 7-64 

DP8460 Data Separator 10-10 

DP8464 Disk Pulse Detector 10-31 

DP8466 Disk Data Controller 10-34 

DP8480 10k ECL to TTL Level Translator with Latch 4-4 

DP8481 TTL to 10k ECL Level Translator with Latch 4-7 

DP8482 100k ECL to TTL Level Translator with Latch 4-10 

DP8483 TTL to 100k ECL Level Translator with Latch 4-13 

DP84240 Octal TRI-STATE MOS Driver 7-15 

DP84244 Octal TRI-STATE MOS Driver 7-15 

DP84300 Programmable Refresh Timer 7-139 

DP84312 Dynamic RAM Controller Interface Circuit for the NS16032 CPU . 7-144 

DP84322 Dynamic RAM Controller Interface Circuit for the 68000 CPU 7-152 

DP84332 Dynamic RAM Controller Interface Circuit for the 8086 

and 8088 CPUs .- 7-167 

DS0025C Two Phase MOS Clock Driver 6-4 

DS0026 5 MHz Two Phase MOS Clock Driver 6-7 

DS0056 5 MHz Two Phase MOS Clock Driver 6-7 

DS1488Quad Line Driver 1-7 

DS1489 Quad Line Receiver 1-10 

DS1489A Quad Line Receiver 1-10 

DS1603 Dual Line Receiver 1-25 

DS1611 Dual Peripheral Driver 3-11 

DS1612 Dual Peripheral Driver 3-11 

DS1613 Dual Peripheral Driver 3-11 

DS1614 Dual Peripheral Driver 3-11 

DS1617 Bubble Memory Sense Amplifier 6-17 

DS1628 Octal TRI-STATE MOS Driver 6-24 

DS1630 Hex CMOS Compatible Buffer 4-16 

DS1631 CMOS Dual Peripheral Driver 3-24 

DS1632 Dual Peripheral Driver 3-24 

DS1633 Dual Peripheral Driver 3-24 

DS1634 Dual Peripheral Driver 3-24 

DS1644 Quad TTL-to-MOS Clock Driver 6-27 




Alpha-Numerical Index (Continued) 

DS1645 Hex TRI-STATE TTL-to-MOS Latch/Driver 6-30 

DS1647 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS1648 TRI-STATE TTL-to-MOS Multiplexer/Driver 6-41 

DS1649 Hex TRI-STATE TTL-to-MOS Driver 6-46 

DS1650 Quad Differential Line Receiver 1-31 

DS1651 Quad High Speed MOS Sense Amplifier 6-49 

DS1652 Quad Differential Line Receiver 1-31 

DS1653 Quad High Speed MOS Sense Amplifier 6-49 

DS1671 Bootstrapped Two Phase MOS Clock Driver 6-55 

DS1674 Quad TTL-to-MOS Clock Driver 6-27 

DS1675 Hex TRI-STATE TTL-to-MOS Latch/Driver 6-30 

DS1677 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS1678 TRI-STATE TTL-to-MOS Multiplexer/Driver 6-41 

DS1679 Hex TRI-STATE TTL-to-MOS Driver 6-46 

DS1687 Negative Voltage Relay Driver 3-49 

DS1691A(RS-422/RS-423) Line Driver with TRI-STATE 1-37 

DS1692 TRI-STATE Differential Line Driver 1-42 

DS16147 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS16149 Hex MOS Driver 6-62 

DS16177 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS16179 Hex MOS Driver 6-62 

DS26LS31C Quad High Speed Differential Line Driver. 1-12 

DS26LS31M Quad High Speed Differential Line Driver 1-12 

DS26LS32C Quad Differential Line Receiver 1-15 

DS26LS32AC Quad Differential Line Receiver 1-15 

DS26LS32M Quad Differential Line Receiver 1-15 

DS26LS33C Quad Differential Line Receiver 1-15 

DS26LS33AC Quad Differential Line Receiver 1-15 

DS26LS33M Quad Differential Line Receiver 1-15 

DS26S10 Quad Bus Transceiver 2-24 

DS26S11 Quad Bus Transceiver ... I 2-24 

DS3245 Quad MOS Clock Driver 6-14 

DS3486 Quad RS-422, RS-423 Line Receiver 1-18 

DS3487 Quad TRI-STATE Line Driver 1-22 

DS3587 Quad TRI-STATE Line Driver , . 1-22 

DS3603 Dual Line Receiver 1-25 

DS3611 Dual Peripheral Driver 3-11 

DS3612 Dual Peripheral Driver 3-11 

DS3613 Dual Peripheral Driver 3-11 

DS3614 Dual Peripheral Driver 3-11 

DS361 6 Bubble Memory Coil Driver 3-17 

DS3617 Bubble Memory Sense Amplifier 6-17 

DS3628 Octal TRI-STATE MOS Driver 6-24 

DS3630 Hex CMOS Compatible Buffer 4-16 

DS3631 CMOS Dual Peripheral Driver 3-24 

DS3632 CMOS Dual Peripheral Driver 3-24 

DS3633 CMOS Dual Peripheral Driver 3-24 

DS3634 CMOS Dual Peripheral Driver 3-24 

DS3644 Quad TTL-to-MOS Clock Driver 6-27 

DS3645 Hex TRI-STATE TTL-to-MOS Latch/Driver 6-30 

DS3647 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS3648 TRI-STATE TTL-to-MOS Multiplexer/Driver 6-41 



Alpha-Numerical Index (Continued) 

DS3649 Hex TRI-STATE TTL-to-MOS Driver 6-46 

DS3650 Quad Differential Line Receiver 1-31 

DS3651 Quad High Speed MOS Sense Amplifier 6-49 

DS3652 Quad Differential Line Receiver 1-31 

DS3653 Quad High Speed MOS Sense Amplifier 6-49 

DS3654 Printer Solenoid Driver 3-29 

DS3656 Quad Peripheral Driver 3-33 

DS3658 Quad High Current Peripheral Driver 3-35 

DS3662 Quad High Speed Trapezoidal Bus Transceiver 2-29 

DS3666 IEEE-488 G PI B Transceiver 2-48 

DS3667 TRI-STATE Bidirectional Transceiver 2-56 

DS3668 Quad High Current Peripheral Driver 3-38 

DS3669 Quad High Current Peripheral Driver 3-41 

DS3671 Bootstrapped Two Phase MOS Clock Driver 6-55 

DS3674 Quad TTL-to-MOS Clock Driver 6-27 

DS3675 Hex TRI-STATE TTL-to-MOS Latch/Driver 6-30 

DS3677 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS3678 TRI-STATE TTL-to-MOS Multiplexer/Driver 6-41 

DS3679 Hex TRI-STATE TTL-to-MOS Driver 6-46 

DS3680 Quad Negative Voltage Relay Driver 3-44 

DS3685 Hex TRI-STATE Latch 6-59 

DS3686 Dual Positive Voltage Relay Driver 3-47 

DS3687 Negative Voltage Relay Driver 3-49 

DS3691 (RS-422/RS-423) Line Driver with TRI-STATE 1-37 

DS3692 TRI-STATE Differential Line Driver 1-42 

DS3695 Differential TRI-STATE Bus/Line Transceiver 1-47 

DS3696 Differential TRI-STATE Bus/Line Transceiver 1-47 

DS3697 Differential TRI-STATE Bus/Line Transceiver/Repeater 1-47 

DS3698 Differential TRI-STATE Bus/Line Transceiver/Repeater 1-47 

DS36147 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS36149 Hex MOS Driver 6-62 

DS36177 Quad TRI-STATE MOS Memory I/O Register 6-35 

DS36179 Hex MOS Driver 6-62 

DS7640 Quad NOR Unified Bus Receiver 2-68 

DS7641 Quad Unified Bus Transceiver 2-70 

DS78C20 Dual CMOS Compatible Differential Line Receiver 1-98 

DS78C120 Dual CMOS Compatible Differential Line Receiver 1-109 

DS78L12 Hex TTL-MOS Inverter/Interface Gate 4-25 

DS78LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) 1-116 

DS7800 Dual Voltage Level Translator 4-19 

DS7810 Quad 2-Input TTL-MOS Interface Gate , 4-22 

DS7811 Quad 2-Input TTL-MOS Interface Gate 4-22 

DS7812 Hex TTL-MOS Inverter 4-22 

DS7819 Quad 2-Input TTL-MOS AND Gate 4-27 

DS7820 Dual Line Receiver 1-91 

DS7820A Dual Line Receiver 1-94 

DS7830 Dual Differential Line Driver 1-101 

DS7831 Dual TRI-STATE Line Driver 1-104 

DS7832 Dual TRI-STATE Line Driver. 1-104 

DS7833 Quad TRI-STATE Bus Transceiver 2-75 

DS7834 Quad TRI-STATE Bus Transceiver 2-79 

DS7835 Quad TRI-STATE Bus Transceiver 2-75 
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Alpha-Numerical Index (Continued) 

DS7836 Quad NOR Unified Bus Receiver 2-83 

DS7837 Hex Unified Bus Receiver 2-85 

DS7838 Quad Unified Bus Transceiver 2-87 

DS7839 Quad TRI-STATE Bus Transceiver 2-79 

DS7880 High Voltage 7-Segment Decoder/Driver 5-149 

DS7889 8-Segment High Voltage Cathode Driver (Active-High Inputs) 5-160 

DS7897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) 5-160 

DS8T26A 4-Bit Bidirectional Bus Transceiver 2-89 

DS8T26AM 4-Bit Bidirectional Bus Transceiver 2-89 

DS8T28 4-Bit Bidirectional Bus Transceiver 2-89 

DS8T28M 4-Bit Bidirectional Bus Transceiver 2-89 

DS8614 130/225 MHz Low Power Dual Modulus Prescdler 11-23 

DS8615 130/225 MHz Low Power Dual Modulus Prescaler 11-23 

DS8616 130/225 MHz Low Power Dual Modulus Prescaler 11-23 

DS8617 130/225 MHz Low Power Dual Modulus Prescaler 11-23 

DS8621 275 MHz/1.2 GHz VHF/UHF Prescaler 11-33 

DS8622 500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 11-36 

DS8626 120 MHz Divide-by-40 Prescaler 11-27 

DS8627 130/225 MHz Low Power Prescaler 11-30 

DS8628 130/225 MHz Low Power Prescaler 11-30 

DS8629 120 MHz Divide-by-100 Prescaler 11-27 

DS8640 Quad NOR Unified Bus Receiver 2-68 

DS8641 Quad Unified Bus Transceiver 2-70 

DS8642 Quad Transceiver 2-72 

DS8654 8-Output Display Driver (LED, VF, Thermal Printer) 5-113 

DS8656 Diode Matrix ! 5-113 

DS8664 14-Digit Decoder/Driver with Low Battery Indicator 5-117 

DS8666 14-Digit Decoder/Driver 5-120 

DS8669 2-Digit BCD-to-7-Segment Decoder/Driver 5-123 

DS8692 Printing Calculator Interface Set 5-126 

DS8693 Printing Calculator Interface Set 5-126 

DS8694 Printing Calculator Interface Set 5-126 

DS88C20 Dual CMOS Compatible Differential Line Receiver 1-98 

DS88C120 Dual CMOS Compatible Differential Line Receiver 1-109 

DS88L12 Hex TTL-MOS Inverter/Interface Gate ■. 4-25 

DS88LS120 Dual Differential Line Receiver (Noise Filtering and Fail-Safe) 1-116 

DS8800 Dual Voltage Level Translator 4-19 

DS8810 Quad 2-Input TTL-MOS Interface Gate 4-22 

DS8811 Quad 2-Input TTL-MOS Interface Gate 4-22 

DS8812 Hex TTL-MOS Inverter 4-22 

DS8819 Quad 2-Input TTL-MOS AND Gate 4-27 

DS8820 Dual Line Receiver , 1-91 

DS8820A Dual Line Receiver 1-94 

DS8830 Dual Differential Line Driver 1-101 

DS8831 Dual TRI-STATE Line Driver 1-104 

DS8832 Dual TRI-STATE Line Driver. 1-104 

DS8833 Quad TRI-STATE Bus Transceiver 2-75 

DS8834 Quad TRI-STATE Bus Transceiver 2-79 

DS8835 Quad TRI-STATE Bus Transceiver 2-75 

DS8836 Quad NOR Unified Bus Receiver 2-83 

DS8837 Hex Unified Bus Receiver '. 2-85 

DS8838 Quad Unified Bus Transceiver 2-87 
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Alpha-Numerical Index (Continued) 

DS8839 Quad TRI-STATE Bus Transceiver 2-79 

DS8859A Open Collector Hex Latch LED Driver 5-133 

DS8861 MOS-to-LED 5-Segment Driver 5-136 

DS8863 MOS-to-LED 8-Digit Driver 5-136 

DS8867 8-Segment Constant Current Driver 5-139 

DS8869A Open Collector Hex Latch LED Driver 5-133 

DS8870 Hex LED Digit Driver 5-141 

DS8871 Saturating LED Cathode Driver 5-143 

DS8872 Saturating LED Cathode Driver 5-143 

DS8873 Saturating LED Cathode Driver 5-143 

DS8874 9-Digit Shift Input LED Driver 5-145 

DS8877 6-Digit LED Driver 5-147 

DS8880 High Voltage 7-Segment Decoder/Driver 5-149 

DS8881 Vacuum Fluorescent Display Driver 5-152 

DS8884A High Voltage Cathode Decoder/Driver 5-156 

DS8885 MOS-to-High Voltage Cathode Buffer 5-158 

DS8887 8-Digit High Voltage Anode Driver (Active-High Inputs) 5-160 

DS8889 8-Segment High Voltage Cathode Driver (Active-High Inputs) 5-160 

DS8891 A High Voltage Anode Driver (Active-Low Inputs) 5-164 

DS8897A 8-Digit High Voltage Anode Driver (Active-Low Inputs) 5-160 

DS8906 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 11-4 

DS8907 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 11-10 

DS8908 AM/FM Digital Phase-Locked Loop Frequency Synthesizer 11-16 

DS8963 MOS-to-LED 8-Digit Driver 5-136 

DS8973 9-Digit LED Driver 5-166 

DS8975 9-Digit LED Driver 5-166 

DS55107 Dual Line Receiver 1-25 

DS55108 Dual Line Receiver 1-25 

DS55113 Dual TRI-STATE Differential Line Driver 1-52 

DS55114 Dual Differential Line Driver 1-57 

DS55115 Dual Differential Line Receiver . 1-61 

DS55121 Dual Line Driver 1-66 

DS55122 Triple Line Receiver 1-68 

DS55325 Memory Driver 6-66 

DS55450 Dual Peripheral Driver 3-51 

DS55451 Dual Peripheral Driver 3-51 

DS55452 Dual Peripheral Driver 3-51 

DS55453 Dual Peripheral Driver 3-51 

DS55454 Dual Peripheral Driver 3-51 

DS55461 Dual Peripheral Driver 3-62 

DS55462 Dual Peripheral Driver . 3-62 

DS55463 Dual Peripheral Driver ■ 3-62 

DS55464 Dual Peripheral Driver 3-62 

DS55493 Quad LED Segment Driver 5-109 

DS55494 Hex Digit Driver . . . 5-111 

DS75107 Dual Line Receiver 1-25 

DS75108 Dual Line Receiver 1-25 

DS75113 Dual TRI-STATE Differential Line Driver 1-52 

DS75114 Dual Differential Line Driver 1-57 

DS75115 Dual Differential Line Receiver 1-61 

DS75121 Dual Line Driver 1-66 

DS75122 Triple Line Receiver 1-68 
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Alpha-Numerical Index (Continued) 

DS75123 Dual Line Driver 1-71 

DS75124 Triple Line Receiver 1-73 

DS75125 Seven-Channel Line Receiver 1-76 

DS75127 Seven-Channel Line Receiver 1-76 

DS75128 Eight-Channel Line Receiver 1-80 

DS75129 Eight-Channel Line Receiver 1-80 

DS75150 Dual Line Driver . 1-84 

DS75154 Quad Line Receiver 1-87 

DS75160A IEEE-488 GPIB Transceivers 2-61 

DS75161A IEEE-488 GPIB Transceivers 2-61 

DS75162A IEEE-488 GPIB Transceivers 2-61 

DS75207 Dual Line Receiver 1-25 

DS75208 Dual Line Receiver. . . 1-25 

DS75325 Memory Driver 6-66 

DS75361 Dual TTL-to-MOS Driver 6-73 

DS75362 Dual TTL-to-MOS Driver 6-78 

DS75365 Quad TTL-to-MOS Driver 6-83 

DS75450 Series Dual Peripheral Driver 3-51 

DS75451 Dual Peripheral Driver 3-51 

DS75452 Dual Peripheral Driver 3-51 

DS75453 Dual Peripheral Driver 3-51 

DS75454 Dual Peripheral Driver 3-51 

DS75461 Dual Peripheral Driver 3-62 

DS75462 Dual Peripheral Driver 3-62 

DS75463 Dual Peripheral Driver 3-62 

DS75464 Dual Peripheral Driver 3-62 

DS75491 MOS-to-LED Quad Segment Driver 5-106 

DS75492 MOS-to-LED Hex Digit Driver < 5-106 

DS75493 Quad LED Segment Driver 5-109 

DS75494 Hex Digit Driver 5-111 

Effortless Error Management 7-134 

Error Correction the Hard Way 7-124 

I DM2900 Family Applications Information 23-72 

IDM2901 A 4-Bit Bipolar Microprocessor 23-4 

IDM2901 A-1 4-Bit Bipolar Microprocessor 23-4 

IDM2901A-2 4-Bit Bipolar Microprocessor 23-4 

I DM2902 Look-Ahead Carry Generator 23-21 

IDM2909A Microprogram Sequencer 23-24 

IDM2910A Microprogram Controller 23-34 

IDM2911A Microprogram Sequencer 23-24 

I DM29705 16-Word by 4-Bit Two Port RAM/Register File 22-27 

IDM29705A 16-Word by 4-Bit Two Port RAM/Register File 22-27 

IDM29803 16-Way Branch Controller 23-51 

IDM29811 Next-Address Controller 23-57 

Programmable Array Logic Family Series 24 24-27 

Simplification of 2-Bit Error Correction 7-127 

Single-Chip Controllers Cover All RAMs from 16k to 256k 7-20 
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Section 1 

Transmission Line 
Drivers/Receivers 




TEMPERATURE RANGE 
- 55 °C to + 125 ”C 0°C to +70°C 

DESCRIPTION 

PAGE 

NUMBER 



DS1488 

Quad Line Driver 

1-7 

— 

DS1489 

Quad Line Receiver 

1-10 

— 

DS1489A 

Quad Line Receiver 

1-10 

'DS26LS31M 

DS26LS31C 

Quad Differential Line Driver 

1-12 

'DS26LS32M 

DS26LS32C 

Quad Differential Line Receiver 

1-15 

— 

DS26LS32AC 

Quad Differential Line Receiver 

1-15 

‘DS26LS33M 

DS26LS33C 

Quad Differential Line Receiver 

1-15 

— 

DS26LS33AC 

Quad Differential Line Receiver 

1-15 

— 

DS3486 

Quad RS-422, RS-423 Line Receiver 

1-18 

DS3587 

DS3487 

Quad TRI-STATE Line Driver 

1-22 

“DS1603 

DS3603 

Dual TRI-STATE Line Receiver 

1-25 

'DS1650 

DS3650 

Quad Differential Line Receiver 

1-31 

'DS1652 

DS3652 

Quad Differential Line Receiver 

1-31 

‘DS1691A 

DS3691 

RS422-RS423 Line Drivers 

1-37 

'DS1692 

DS3692 

TRI-STATE Differential Line Driver 

1-42 

— 

DS3695 

Differential TRI-STATE Bus/Line Transceiver 

1-47 

— 

DS3696 

Differential TRI-STATE Bus/Line Transceiver 

1-47 

— 

DS3697 

Differential TRI-STATE Bus/Line Transceiver/ 
Repeater 

1-47 

— 

DS3698 

Differential TRI-STATE Bus/Line Transceiver/ 
Repeater 

1-47 

‘DS55107 

DS75107 

Dual Line Receiver 

1-25 

— 

DS75207 

Dual Line Receiver 

1-25 

'DS55108 

DS75108 

Dual Line Receiver 

1-25 

— 

DS75208 

Dual Line Receiver 

1-25 

'DS55113 

DS75113 

Dual TRI-STATE Differential Line Driver 

1-52 

•DS55114 

DS75114 

Dual Differential Line Driver 

1-57 

“DS55115 

DS75115 

Dual Differential Line Receiver 

t-61 

DS55121 

DS75121 

Dual Line Driver 

1-66 

'DS55122 

DS75122 

Triple Line Receiver 

1-68 

— 

DS75123 

Dual Line Driver 

1-71 

— 

DS75124 

Triple Line Receiver 

1-73 

— 

DS75125 

Seven-Channel Line Receiver 

1-76 

— 

DS75127 

Seven-Channel Line Receiver 

1-76 

— 

DS75128 

Eight-Channel Line Receiver 

1-80 

— 

DS75129 

Eight-Channel Line Receiver 

1-80 

— 

DS75150 

Dual Line Driver 

1-84 

— 

DS75154 

Dual Line Receiver 

1-87 

DS7820 

DS8820 

Dual Line Receiver 

1-91 

* DS7820A 

DS8820A 

Dual Line Receiver 

1-94 

*DS78C20 

DS88C20 

Dual CMOS Compatible Differential 
Line Receiver 

1-98 

‘DS7830 

DS8830 

Dual Differential Line Driver 

1-101 

'DS7831 

DS8831 

Dual TRI-STATE Line Driver 

1-104 

*DS7832 

DS8832 

Dual TRI-STATE Line Driver 

1-104 

'DS78C120 

DS88C120 

Dual CMOS Compatible Line Receiver 

1-109 

‘DS78LS120 

DS88LS120 

Dual Differential Line Receiver 

1-116 

MM78C29 

MM88C29 

Quad Single-Ended Line Driver 

CMOS 

MM78C30 

MM88C30 

Dual Differential Line Driver 

CMOS 

— 

AN-22 

Integrated Circuits for Digital Data 
Transmission 

1-123 

— 

AN-108 

Transmission Line Characteristics 

1-139 

— 

AN-214 

Transmission Line Drivers and Receivers 
for EIA Standards RS-422 and RS-423 

1-145’ 

— 

AN-216 

Summary of Electrical Characteristics of 
Some Well Known Digital Interface Standards 

1-155 


Also available screened In accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s "The Reliability Handbook”. 



Selection Guide 


UNBALANCED (COMMON-MODE) TRANSMISSION DRIVERS AND RECEIVERS 


Unbalanced data transmission isn't recommended for long lines or fast data rates. Unbalanced 
line receivers are sensitive to common-mode noise, such as ground I R noise and induced 
reactive noise. Unbalanced line drivers should employ slew rate control to prevent near end 
crosstalk to other wires in the cable. Receivers should employ response control and hysteresis. 
Unbalanced data transmission was preferred because the cabling requires only one wire/ 
signal plus ground and the circuits were lower cost. New lower cost circuits available today 
negate the last argument. Many old interfaces such as RS-232 will continue to exist for 
many years, and so will the application for unbalanced circuits. 

Line length is a function of data rate (baud) and slew rate. The recommended safe operating 
area (line length vs baud rate is shown below for 24 AWG wire. It assumes that a differential 
line receiver is used which is referenced at the driver ground. Also, it assumes that the 
driver slew rate is between 0.1 to 0.3 times the reciprocal of the baud rate (minimum unit 
interval). Otherwise, line lengths greater than 50 feet are not recommended. The exception 
to line length is the 360 I/O coaxial interface. The coaxial provides improved grounding 
and eliminates crosstalk. 





RECOMMENDED \ 
OPERATING 
AREA 

! 

[\ 



\ 


100 Ik 10k 100k 

DATA MODULATION (BAUD RATE) 


UNBALANCED DRIVERS 


Propagation 

Delay 

(ns) 


200 

60 

200 

200 

10 

10 

20 


Party-Line 

Application 



Open-Collector 


Open Emitter 


TRI-STATE® 

TR I -STATE 

Emitter 

Emitter 

Emitter and 

Collector 

Collector 

Collector 

Collector 

Collector 


Power 

Supplies 

(V) 


±9 or ±15 
±12 
5 or ±5 
5 or ±5 
5 



RS-232 
RS-232 
RS-423 
MIL 188-114 
360 I/O 
360 I/O 


Circuits/ 

Package 


Device Number | 

Commercial 
0°C to +70°C 

Military 

H 55° C to +125°C 

DS1488 


DS75150 


DS3691 

DS1691A 

DS3692 

DS1692 

DS75121 

DS75123 

DS75450 

DS55121 

DS75451 

DS55451 

DS75452 

DS55452 

DS75453 

DS55453 

DS75454 

DS55454 



±10V common-mode range 
50f2 coax, driver 
50f2 coax, driver (IBM) 





























UNBALANCED RECEIVERS 


CO 


Propagation 

Threshold 

Input 

Hysteresis 

(mV) 

Response 

Control 

Strobed or 
TRI-STATE® 

Power 


Circuits/ 

Package 

Device Number 


Page 

No. 

Delay 

(ns) 

Sensitivity 

(V) 

Range 

(V) 

Supplies 

(V) 

Standard 

Commercial 
0°C to +70° C 

Military 

-55° C to +125 c C 

Comments 

30 

3 

±25 

250 

CEXT 


5 

RS-232 

4 

DS1489 



1-10 

30 

3 

±25 

1150 

Cext 


5 

RS-232 

4 

DS1489A 


Preferential in applica- 
tions to DS1489 

1-10 

22 

3 

±25 

800 

Cext 


5 or 15 

RS-232 

4 

DS75154 



1-87 

50 

±0.2 

±25 

50 

cext 

Strobed 

5 

RS-423 

2 

DS88LS120 

DS78LS120 

Fail-safe 

■BH 

50 

±0.2 

±25 

50 

C EXT 

Strobed 

5 to 1 5 

RS-423 

2 

DS88C1 20 

DS78C120 

Fail-safe 


17 

±0.2 

±7 

100 


TRI-STATE 

5 

RS-423 

4 

DS26LS32C 

DS26LS32M 


E 

23 

±0.2 

±7 

100 


TRI-STATE 

5 

RS-423 

4 

DS26LS32AC 


Fail-safe 

1 

17 

±0.5 

±15 

200 


TRI-STATE 

5 

RS-423 

4 

DS26LS33C 

DS26LS33M 


1-15 

23 

±0.5 

±15 

200 


TRI-STATE 

5 

RS-423 

4 

DS26LS33AC 


Fail-safe 

1-15 

25 

±0.1 

±15 

100 


TRI -STATE 

5 

RS-423 

4 

DS3486 



1-18 

20 

0.8 to 2 

7 

600 


Strobed 

5 

360 I/O 

3 

DS75122 

DS55122 

500 coax, receiver 

1-68 

20 

0.8 to 2 

7 

400 


Strobed 

5 

360 I/O 

3 

DS75124 

DS55124 

50fi coax, receiver (IBM) 

1-73 

16 

0.7 to 1.7 

-2/7 




5 

360 I/O 

7 

DS75125 


IBM coax, receiver 

1-76 

16 

0.7 to 1.7 

-2/7 




5 

360 I/O 

7 

DS75127 


IBM coax, receiver 

1-76 

16 

0.7 to 1.7 

-2/7 




5 

360 I/O - 

8 

DS75128 


IBM coax, receiver 

1-80 

16 

0.7 to 1.7 

-2/7 




5 

360 I/O 

8 

DS75129 


IBM coax, receiver 

1-80 

























Selection Guide 


BALANCED (DIFFERENTIAL) TRANSMISSION LINE DRIVERS AND RECEIVERS 

IQk 

Balanced data transmission is applicable for long lines in the presence of high common-mode 

noise. Balanced circuits don't generate much . noise and are also not susceptible to common- 4 k - ■ .. 

mode noise, and therefore work well in long lines when cabled with other signals. 


Line length is a function of data rate (baud) and the combination of IR drop and skin 
effect. Refer to AN-108 and AN-22. The recommended safe operating area (line length vs 
baud rate) is shown for 24 AWG wire. 


RECOMMENDED 

OPERATING 

AREA 


10k 100k- 1M 10M 

DATA MODULATION (BAUD RATE) 


Propagation Vql (V)/ Voh (V)/ Party Line 
Delay (ns) IqL (mA) IqH (mA) Application 


TRI-STATE® Open-Collector 



TRI-STATE 

TRI-STATE 

TRI-STATE 

TRI-STATE 
TR I -STATE 

TRI-STATE 
TRI-STATE 
TRI-STATE 
TRI-STATE 
TRI-STATE 
TR I -STATE 


Optional 

Optional 


BALANCED DRIVERS 


Power 

Supplies (V) 



) Device Number 


Page 

No. 

Commercial 
0°C to +70° C 

Military 

-55° C to +125°C 

Comments 

DS8830 

DS7830 


1-101 

MM88C30 

MM78C30 

CMOS comparator 

CMOS 

MM88C29 

MM78C29 

Non-inverting MM88C30 

CMOS 

DS8831 

DS7831 


1-104 

DS8832 

DS7832 

DS8831 without VcC clamp diode 

1-104 

DS75113 

DS55113 


1-52 

DS75114 

DS55114 


1-57 

DS3691 

DS1691A 


1-37 

DS3692 

DS1692 

±10V TRI-STATE common-mode 
range 

1-42 

DS3695 


RS-485 Transceiver 

1-47 

DS3696 


RS-485 Transceiver 

1-47 

DS3697 


RS-485 Transceiver 

1-47 

DS3698 


RS-485 Transceiver 

1-47 

DS26LS31C 

DS26LS31M 


1-12 

DS3487 

DS3587 


1-22 

































BALANCED RECEIVERS 


Propagation 
Delay (ns) 

Threshold 

Sensitivity 

Common-Mode 

Range 

Hysteresis 

(mV) 

Response 

Control 

Strobed or 
TRI STATE® 

Power 

Supplies 

Standard 

Circuits/ 

Package 

Device Number 
Commercial Military 

Comments 

Page 

No. 

(mV) 

(V) 

(V) 


0°C to +70° C 

-55° C to +125°C 


40 

±1000 

±15 

■ 

Yes 

Strobed 

5 


2 

DS8820 

DS7820 


1-91 

30 

±1000 

±15 

Hi 

Yes 

Strobed 

5 


2 

DS8820A 

DS7820A 


1-94 

60 

±200 

±10 

1 

Yes 

Strobed 

5 to 15 

RS-422 

2 

DS88C20 

DS78C20 

CMOS compatible 

1-98 

60 

±200 

±10 

mm 

Yes 

Strobed 

5 to 15 

RS-422 

2 

DS88C120 

DS78C120 

Fail-safe, CMOS 
compatible 

1-109 

50 

±200 

110 

50 

Yes 

Strobed 

5 

RS-422 

2 

DS88LS120 

DS78LS120 

Fail-safe 

1-116 

20 

±500 

±15 


Yes 

Strobed 

5 


2 

DS75115 

DS55115 


1-61 

17 

±200 

±7 

100 


TRI-STATE 

5 

RS-422 

4 

DS26LS32C 

DS26LS32M 


1-15 

17 

±200 

±7 

100 


TRI-STATE 

5 

RS-422 

4 

DS26LS32AC 


Fail-Safe 

1-15 

17 

±500 

±15 

200 


TRI-STATE 

5 

RS-422 

4 

DS26LS33C 

DS26LS33M 


1-15 

17 

±500 

±15 

200 


TRI-STATE 

5 

RS-422 

4 

DS26LS33AC 


Fail-Safe 

1-15 

25 

±200 

±10 

80 


TRI-STATE 

5 

RS-422 

4 

DS3486 



1-18 

• 10 

±25 

±3 



TRI-STATE 

±5 


4 

DS3650 

DS1650 


1-31 

10 

±25 

±3 



Strobed 

±5 


4 

DS3652 

DS1652 


1-31 

22 

±200 

+ 12, -7 

70 


TRI-STATE 

5 

RS-485 

1 

DS3695 


RS-485 Transceiver 

1-47 

22 

±200 

+ 12, -7 

70 


TRI-STATE 

5 

RS-485 

1 

DS3696 


RS-485 Transceiver 

1-47 

22 

±200 

+12, -7 

70 


TRI-STATE 

5 

RS-485 

1 

DS3697 


RS-485 Transceiver 

1-47 

22 

±200 

+12, -7 

70 


TRI-STATE 

5 

RS-485 

1 

DS3698 


RS-485 Transceiver 

1-47 

17 

±25 

±3 



Strobed 

±5 


2 

DS75107 

DS55107 


1-25 

17 

±10 

±3 



Strobed 

±5 


2 

DS75207 



1-25 

17 

±25 

±3 



Strobed 

±5 


2 

DS75108 

DS55108 


1-25 

17 

±10 

±3 



Strobed 

±5 


2 

DS75208 



1-25 

17 

±25 

±3 



TRI -STATE 

±5 


2 

DS3603 

DS1603 


1-25 


Note. Voltage comparators (such as the LM71G) have good threshold sensitivity and good common-mode range and, in turn, also make good line receivers. These comparators generally use 2 power supplies 
(±15V), which may not be available in some digital systems. 


epmo uojpaies 






























Semiconductor 


Transmission Line 
Drivers/Receivers 


DS1488 Quad Line Driver 


General Description 


Features 


The DS1488 is a quad line driver which converts 
standard TTL input logic levels through one stage 
of inversion to output levels which meet EIA 
Standard No. RS-232C and CCITT Recommenda- 
tion V. 24. 


Current limited output ±10mAtyp 

Power-off source impedance 300S7 min 

Simple slew rate control with external capacitor 
Flexible operating supply range 
Inputs are TTL/LS compatible 


Schematic and Connection Diagrams 



Dual-In-Line Package 



Order Number DS148SJ or DS1488N 
See NS Package J14A or N14A 


Typical Applications 


RS232C Data Transmission 


1/4 DS 1 489/ 

DS1489A TTL/DTl 


*0ptional for noiu filtering 


1-7 


DS1488 





DS1488 


Absolute Maximum Ratings (Note 1 ) 


Supply Voltage 
V + 

V" 

Input Voltage (V )N ) 

Output Voltage 
Operating Temperature Range 
Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec) 


+ 15V 
-15V 

-15V < V 1N < 7.0V 
±15V 
0 C to +75 C 
-65° C to +150°C 

1364 mW 
1280 mW 
3Q0°C 


•Derate cavity package 9.1 mW/°C above 25°C; derate molded pack- 
age 10.2 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) Vcc += 9V, Vcc~ = — 9V unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l| L Logical "0" Input Current 

> 

o 

II 

z 

> 


-1.0 

-1.3 

mA 

Iih Logical "1" Input Current 

V IN = +5.0V 


0.005 

10.0 

ma 

V 0 h High Level Output Voltage 

R L = 3.0 kn, 
V IN = 0.8V 

V + = 9.0V, V - = -9.0V 

6.0 

7.0 


V 

V + = 13.2V, V - = -13.2V 

9.0 

10.5 


V 

Vql Low Level Output Voltage 

R l = 3.0 k£2, 
V IN = 1.9V 

V + = 9.0V, V“ = -9.0V 


-6.8 

-6.0 

V 

V + = 13.2V, V - = -13.2V 


-10.5 

-9.0 

V 

•os + High Level Output 

Short-Circuit Current 

Vout =0V, V IN = 0.8V 

-6.0 

-10.0 

-12.0 

mA 

los~ Low Level Output . 

Short-Circuit Current 

V 0U T =0V,V 1N = 1.9V 

6.0 

10.0 

12.0 


Rout Output Resistance 

V + = V - = OV, Vout = ±2V 

300 



n 

•cc + Positive Supply Current 

(Output Open) 

V, N = 1-9V 

V + = 9.0V, V“ = -9.0V 


15.0 

20.0 

mA 

V + = 12V, V - = -12V 


19.0 

25.0 

mA 

V + = 15V, V” = -15V 


25.0 

34.0 

mA 

V IN = 0.8V 

V + = 9.0V, V~ = -9.0V 


4.5 

6.0 

mA 

V + = 12V, V" = -12V 


5.5 

7.0 

mA 

V + = 15V, V - = -15V 


8.0 

12.0 

mA 

l C c~ Negative Supply Current 

(Output Open) 

V, N = 1-9 V 

V + = 9.0V, V - = -9.0V 


-13.0 

-17.0 

mA 

V + = 12V, V" = -12V 


-18.0 

-23.0 

mA 

V + = 15V, V =-15V 


-25.0 

-34.0 

mA 

V IN = 0.8V 

V + = 9.0V, V" = -9.0V 


-0.001 

-0.015 

mA 

V + = 12V, V - = -12V 


-0.001 

-0.015 

mA 

V + = 15V, V“ = -15V 


-0.01 

-2.5 

mA 

P d Power Dissipation 

V + = 9.0V, V - = -9.0V 


252 

333 

mW 

V + = 12V, V" = -12V 


444 

576 

mW 


Switching Characteristics <v C c = 9 v, v E e = -9v, t a = 2S°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdl 

Propagation Delay to a Logical "1" 

R l = 3.0 k£2, C u = 15 pF, T a = 25°C 


230 

350 

ns 

VdO 

Propagation Delay to a Logical "0" 

R l = 3.0 kJ2, C L = 15 pF, T a = 25°C 


70 

175 

ns 

t r . Rise Time 

R l = 3.0 kfi, C L = 15 pF, T a = 25° C 


75 

100 

ns 

tf 

Fall Time 

R l = 3.0 k n, C L = 15 pF, T a = 25°C 


40 

75 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the Q°C to +75°C temperature range for the DS1488. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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DS1488 






DS1489/DS1489A 


National 
Semiconductor 

DS1489/DS1489A Quad Line 

General Description 

The DS1489/DS1489A are quad line receivers 
designed to interface data terminal equipment 
with data communications equipment. They are 
constructed on a single monolithic silicon chip. 
These devices satisfy the specifications of EIA 
standard No. RS232C. The DS1489/DS1489A 
meet and exceed the specifications of MC1489/ 
MC1489A and are pin-for-pin replacements. 


Transmission Line 
Drivers/Receivers 

Receiver 

Features 

■ Four totally separate receivers per package 

■ Programmable threshold 

■ Built-in input threshold hysteresis 

■ "Fail safe" operating mode 

■ Inputs withstand ±30V 



Schematic and Connection Diagrams 



DS1489: R F - 10K 

DS1489A-. R F * 2K 


AC Test Circuit and Voltage Waveforms 


Dual-ln-Line Package 

RESPONSE RESPONSE 

INPUT CONTROt OUTPUT INPUT CONTROL OUTPUT 



Order Number DS1489J, DS1489AJ, 
DS1489N or DS1489AN 
See NS Package J14A or N14A 


RESPONSE CONTROL 



Typical Applications 



•Optional for noise filtering. 

RS232C Data Transmission MOS to TTL/LS Translator 
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Absolute Maximum Ratings (Note 1) 

The following apply for T A = 25°C unless otherwise specified. 

Power Supply Voltage 10V 

Input Voltage Range ±30V 

Output Load Current 20 mA 

Power Dissipation (Note 2) 1W 

Operating Temperature Range 0°C to +75°C 

Storage Temperature Range 65’C to + 150 U C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 

•Derate cavity package 8.7 mW/°C above 25°C; derate molded pack- 
age 9.7 mW/°C above 25°C. 


Electrical Characteristics (Notes 2, 3 and 4) 

DS1489/DS1489A: The following apply for V cc = 5.0V ±1%, 0°C < T A < +75°C unless otherwise specified. 




PARAMETER 


Input High Threshold Voltage 


V XL Input Low Threshold Voltage 


i N Input Current 


V OUT < 0.45V, 
Iqut = 10 mA 


Vour> 2.5V 
Iqut = 0.5 mA 


V (N = +25V 


V IN = -25V 


V IN = +3V 


V,m = -3V 


CONDITIONS 


DS1489 


MAX UNITS 


V OH •; Output High Voltage 


Iqjj X — 0.5 mA 




V OL Output Low Voltage 


sc Output Short Circuit Current 


cc Supply Current 


’ d Power Dissipation 


Switching Characteristics <v C c = 5v, t a = 25°o 


PARAMETER | CONDITIONS 


R L = 3.9k, (Figure 1) (ac Test Circuit) 


V 1N = 0.75V 


Input = Open 


V IN = 3.0V, l OUT = 10 mA 


V IN = 0.75V 


V IN = 5.0V 


V 1M = 5.0V 




0.33 

0.45 

V 

3.0 


mA 

14 

26 

mA 

70 

130 

mW 


Input to Output "High" 
Propagation Delay 


Input to Output "Low" 
Propagation Delay 


Output Rise Time 


Output Fall Time 


R l = 390f2, (Figure 1) (ac Test Circuit) 


R l = 3.9k, (Figure 1) (ac Test Circuit) 


R l = 390S2, (Figure 1) (ac Test Circuit) 



TYP 

MAX 

UNITS 

28 

85 

ns 

20 

50 

ns 

110 

175 

ns 

9 

20 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2. Unless otherwise specified min/max limits apply across the 0°C to +75°C temperature range for the DS1489 and DS1489A. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: These specifications apply for response control pin = open. 
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S1489/DS1489A 















































































































DS26LS31 C/26LS31M 


P3j National 
Jud Semiconductor 
DS26LS31 C/DS26LS31 M Quad 
Differential Line Driver 

General Description 

The DS26LS31 is a quad differential line driver designed 
for digital data transmission over balanced lines. The 
DS26LS31 meets all the requirements of EIA Standard 
RS-422 and Federal Standard 1020. It is designed to 
provide unipolar differential drive to twisted-pair or 
parallel-wire transmission lines. 

The circuit provides an enable and disable function 
common to all four drivers. The DS26LS31 features 
TRI-STATE® outputs and logically ANDed comple- 
mentary outputs. The inputs are all LS compatible and 
are all one unit load. 

The DS26LS31 features a power up/down protection 
circuit which TRI-STATEs the outputs during power 
up or down preventing erroneous glitches on the trans- 
mission lines. 


Logic Diagram 

ENABLE ENABLE INPUT D INPUT C 


Transmission Line 
Drivers/Receivers 

High Speed 

Features 

■ Output skew - 2.0 ns typical 

■ Input to output delay — 10 ns 

■ Operation from single 5V supply 

■ 16-pin hermetic and molded DIP package 

■ Outputs won't load line when Vqq = 0 

■ Four line drivers in one package for maximum 
package density 

■ Output short-circuit protection 

■ Complementary outputs 

■ Meets the requirements of EIA Standard RS-422 

■ Pin compatible with AM26LS31 

■ Available in military and commercial temperature 
range 

■ Glitch free power up/down 



A A 


OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

D2 D1 C2 Cl B2 B1 A2 A1 


Connection Diagram 


Dual-In-Line Package 


CHANNEL A 
OUTPUTS 3 


CHANNEL B 
OUTPUTS 6 



-1 

CHANNEL D 
13 OUTPUTS 


CHANNEL C 
10 OUTPUTS 


TOP VIEW 

Order Number DS26LS31CJ, DS26LS31CN or 
DS26LS31MJ 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Notei) 


Operating Conditions 


Supply Voltage 7V 

Input Voltage 7V 

Output Voltage 5V 

Output Voltage (Power OFF) -0.25V to 6V 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509mW 

Molded Package 1476 mW 

‘Derate cavity package 10.1 mW/°C above 25° C; derate molded 
package 1 1 .9 mW/°C above 25° C. 


7V 

Supply Voltage, Vcc 

MIN 

MAX 

UNITS 

7V 

DS26LS31M 

4.5 

5.5 

V 

5V 
j 6V 

DS26LS31 
Temperature, Ta 

4.75 

5.25 

V 


DS26LS31M 

-55 

+125 

°c 

mW 

mW 

DS26LS31 

0 

+70 

°c 


Electrical Characteristics (Notes 2, 3 and 4) 


PARAMETER 

VOH 

Output High Voltage 

VOL 

Output Low Voltage 

V|H 

Input High Voltage 

V| L 

Input Low Voltage 

1 1 L 

Input Low Current 

1 1 H 

Input High Current 

l| 

Input Reverse Current 

'0 

TRI-STATE Output Current 

VCL 

Input Clamp Voltage 


Output Short-Circuit Current 


Power Supply Current 


CONDITIONS 


•OH = —20 mA 


•OL = 20 mA 



All Outputs Disabled 
or Active 


Switching Characteristics v cc - sv, t a - 25°c 


PARAMETER 

CONDITIONS 

tPLH 

Input to Output 

Cl = 30 pF 

tPHL 

Input to Output 

Cl = 30 pF 

Skew 

Output to Output 

Cl = 30 pF 

tLZ 

Enable to Output 

Cl = 10 pF, S2 Open 

tHZ 

Enable to Output 

Cl = 10 pF, SI Open 

tZL 

Enable to Output 

Cl = 30 pF, S2 Open 

tZH 

Enable to Output 

Cl = 30 pF, SI Open 



TYP 

MAX 

UNITS 

• 10 

15 

ns 

10 

15 

ns 

2.0 

6.0 

ns 

15 

35 

ns 

15 

25 

ns 

20 

30 

ns 

20 

30 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55° C to +125°C temperature range for the DS26LS31M and across the 
0°C to +70°C range for the DS26LS31. All typicals are given for Vcc = 5V and Ta = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 
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DS26LS31 Cl 26LS31 M 





























































































DS26LS31 C/26LS31 M 


AC Test Circuit and Switching Time Waveforms 


v cc 


FROM OUTPUT 





Note. SI and S2 of load circuit are closed except where shown. 

FIGURE 1. AC Test Circuit 




FIGURE 2. Propagation Delays 


FIGURE 3. Enable and Disable Times 


Typical Applications 


Two-Wire Balanced System, RS-422 
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National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS26LS32C/ 0S26LS32M, DS26LS32AC, 
DS26LS33C/ DS26LS33M, DS26LS33AC 
Quad Differential Line Receivers 


General Description 

The DS26LS32 and DS26LS32A are quad differential line 
receivers designed to meet the RS-422, RS-423 and Fed- 
eral Standards 1020 and 1030 for balanced and unbal- 
anced digital data transmission. 

The DS26LS32 and DS26LS32A have an input sensitivity of 
200 mV over the input voltage range of ±7V and the 
DS26LS33 and DS26LS33A have an input sensitivity of 
500 mV over the input voltage range of ± 15V. 

Both the DS26LS32A and DS26LS33A differ in function 
from the popular DS26LS32 and DS26LS33 in that input 
fail-safe circuitry is provided for each receiver, which 
causes the outputs to go to a logic “1 ” state when the in- 
puts are open. 

Each version provides an enable and disable function 
common to all four receivers and features TRI-STATE® out- 
puts with 8 mA sink capability. Constructed using low 
power Schottky processing, these devices are available 
over the full military and commercial operating tempera- 
ture ranges. 


Features 

■ High differential or common-mode input voltage 
ranges of ± 7V on the DS26LS32 and DS26LS32A and 
± 15V on the DS26LS33 and DS26LS33A 

■ ±0.2V sensitivity over the input voltage range on the 
DS26LS32 and DS26LS32A, ±0.5V sensitivity on the 
DS26LS33 and DS26LS33A 

■ Input fail-safe circuitry on the DS26LS32A and 
DS26LS33A 

■ DS26LS32 and DS26LS32A meet all requirements of 
RS-422 and RS-423 

■ 6k minimum input impedance 

■ 100 mV input hysteresis on the DS26LS32 and 
DS26LS32A, 200 mV on the DS26LS33 and DS26LS33A 

■ Operation from a single 5V supply 

■ TRI-STATE drive, with choice of complementary output 
enables for receiving directly onto a data bus 

■ Pin replacement for Advanced Micro Devices 
AM26LS32 


Logic Diagram 


ENABLE ENABLE IN D2 IN Dt IN C2 IN Cl IN B2 IN B1 IN A2 IN A1 



Connection Diagram 


Truth Table 


Duat-ln-Line Package 



TOP VIEW TL/F/5255-2 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


ENABLE 

ENABLE 

Input 

Output 

0 

1 

X 

Hi-Z 

See 

Note Below 

V, D >V TH (Max) 

1 

V, D <V TH (Min) 

0 

Open 

1* 


Hi-Z = TRI-STATE 

* DS26LS32A and DS26LS33A only 
Note: Input conditions may be any combination not 
defined for ENABLE and ENABLE. 


Order Number DS26LS32MJ, DS26LS32CJ, 
DS26LS32CN, DS26LS32ACJ, DS26LS32ACN, 
DS26LS33MJ, DS26LS33CJ, DS26LS33CN, 
DS26LS33ACJ or DS26LS33ACN 
See NS Package J16A or N16A 


DS26LS32,32A,33,33A 






DS26LS32,32A,33,33A 


Absolute Maximum Ratings (Note i) Operating Conditions 





Min 

Max 

Units 

Supply Voltage 

7V 

Supply Voltage (V cc ) 




Common-Mode Range 

± 25V 

DS26LS32M, DS26LS33M 

4.5 

5.5 

V 

Differential Input Voltage 

± 25V 

(MIL) 






DS26LS32C, DS26LS33C 

4.75 

5.25 

V 

Enable Voltage 

7V 

DS26LS32AC, DS26LS33AC 




Output SinkCurrent 

50 mA 

(COML) 




Maximum Power Dissipation* at 25°C 


Temperature (T A ) 




Cavity Package 

1 433 mW 

DS26LS32M, DS26LS33M 

-55 

+ 125 

°c 

Molded Package 

1362 mW 

(MIL) 




Storage Temperature Range 

- 65°Cto + 165°C 

DS26LS32C, DS26LS33C 

0 

+ 70 

°c 


LeadTemperature(Soldering, 10 seconds) 300°C DS26LS32AC, DS26LS33AC 

(COML) 

‘Derate cavity package 9.6 mW/°C above 25“C; derate molded package 
10.9 mwrc above 25“C. 


Electrical Characteristics over the operating temperature range unless otherwise specified (Notes 2, 3 and 4) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V TH Differential Input 
Voltage 

VouT= V 0 H 
orV OL 

DS26LS32, DS26LS32A, -7V<V CM =£ +7V 

-0.2 

±0.07 

0.2 

V 

DS26LS33, DS26LS33A, - 15V<V CM < + 15V 

-0.5 

±0.14 

0.5 

V 

Rin Input Resistance 

- 15V<Vcm=s + 15V (One Input AC GND) 

6.0 

8.5 



l| N Input Current (Under 

Test) 

V, N = 15V, Other Input - 15V<V, N < + 15V 



2.3 


V )N = - 15V, Other Input - 15V<V| N < + 15V 



-2.8 


V OH Output High Voltage 

V cc = Min, AV 

IN = IV. 

V, l 0H = — 440 nA 

Commercial 

mm 

mm 


V 

Venable = 0.8 

Military 

2.5 

mm 


V 

V 0L Output .Low Voltage 

V cc = Min,AV| N = -IV, 
Venable = °- 8V 

l 0L = 4 mA 



0.4 

V 

l 0L = 8mA 



0.45 

V 

V| L Enable Low Voltage 




0.8 

V 

9 


2.0 • 



V 

V, Enable Clamp 

Voltage 

Vcc = Min, I|n = - 18 mA 


u 

-1.5 


l 0 OFF-State (High 

Impedance) Output 
Current 

V cc = Max 

V 0 = 2.4V 



20 

aA 

V 0 = 0.4V 



-20 

mA 

lii_ Enable Low Current 

V,n = 0.4V 



-0.36 

mA 

Iih Enable High Current 

V in = 2.7V 



20 

mA 

l sc Output Short-Circuit 

Current 

Vq = 0V, Vcc = Max, AVin — IV 

-15 


-85 

mA 

l C c Power Supply 

Current 

V cc = Max, All V in = GND, 
Outputs Disabled 

DS26LS32, DS26LS32A 


52 

70 

mA 

DS26LS33, DS26LS33A 


57 

80 

mA 

l| Input High Current 

V| N = 5.5V 



100 

fA 

Vhyst Input Hysteresis 

T A = 25°C, V CC = 5V, 
V CM = 0V 

DS26LS32, DS26LS32A 


100 


mV 

DS26LS33, DS26LS33A 


200 


mV 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. , ' 

Note 2: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 3: All typical values are Vcc = 5V, T A = 25°C. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics v cc = sv, t a = 25 °c 


Parameter 

Conditions 

DS26LS32/DS26LS33 

DS26LS32A/DS26LS33A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tpLH Input to Output 

IPHL 

C L = 15 pF 


17 

17 

25 

25 


23 

23 

35 

35 

n 

* LZ ENABLE to Output 

‘HZ 

C L = 5 pF 


20 

15 

30 

22 


15 

20 

22 

25 

ns 

ns 

tzL ENABLE to Output 

tzH 

C L = 15 pF 


15 

15 

22 

22 


14 

15 

22 

22 

ns 

ns 


AC Test Circuit and Switching Time Waveforms 

Load Test Circuit for TRI-STATE Outputs 


TEST 

POINT 


V CC 



Propagation Delay (Notes 1 and 3) 

V 0H- 


Voi- 

2.5V- 


jF V 


OPPOSITE PHASE 
INPUT TRANSITION 


3 = / 


Note 1: Diagram shown for ENABLE low. 

Note 2: SI and S2 of load circuit are closed except where shown. 

Note 3: Pulse generator for all pulses: Rate:; 1.0 MHz; Zq = 50fl; t r s15 ns; tfs6.0 ns. 


Enable and Disable Times (Notes 2 and 3) 



Typical Applications 


Two-Wire Balanced Systems, RS-422 



Single Wire with Common Ground Unbalanced Systems, RS-423 
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DS3486 


Semiconductor 


Transmission Line 
Drivers/Receivers 


DS3486 Quad RS-422, RS-423 Line Receiver 

General Description Features 


National's quad RS-422, RS-423 receiver features four 
independent receiver chains which comply with EIA 
Standards for the electrical characteristics of balanced/ 
unbalanced voltage digital interface circuits. Receiver 
outputs are 74LS compatible, TRI-STATE® structures 
which are forced to a high impedance state when the 
appropriate output control pin reaches a logic zero 
condition. A PNP device buffers each output control pin 
to assure minimum loading for either logic one or logic 
zero inputs. In addition, each receiver chain has internal 
hysteresis circuitry to improve noise margin and dis- 
courage output instability for slowly changing input 
waveforms. 


Features 

■ Four independent receiver chains 

■ TRI-STATE outputs 

■ High impedance output control inputs (PIA compa- 
tible) 

■ Internal hysteresis - 140 mV (typ) 

■ Fast propagation times — 18 ns (typ) 

■ TTL compatible 

■ Single 5V supply voltage 

■ Pin compatible and interchangeable with MC3486 


Block Diagram 


DIFFERENTIAL 

INPUTS 


TRI STATE® 

CONTROL 

INPUT OUTPUT 



Connection Diagram 


Dual-ln-Line Package 


TRI-STATE 
CONTROL A/C 



12 TRI-STATE 
CONTROL B/D 
11 


TOP VIEW 

Order Number DS3486J or DS3486N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 


Power Supply Voltage, Vqc 8 V 

Input Common-Mode Voltage, V|cm ±25 V 

Input Differential Voltage, Vjp ±25 V 

TRI-STATE Control Input Voltage, V| 8 V 

Output Sink Current, lo 50 mA 

Storage Temperature, T$TG — 1 65 C to +150 C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1 1433 mW 

Molded Package 1362 mW 

’Derate cavity package 9,6 mW / C above 25 C; derate molded 
package 10,2 mW/°C above 25°C. 


Operating Conditions 



MIN 

MAX 

UNITS 

Power Supply Voltage, Vqc 

4.75 

5.25 

V 

Operating Temperature, T/\ 

0 

70 

°c 

Input Common-Mode Voltage 

-7.0 

7.0 

V 


Range, V|CR 


Electrical Characteristics 

(Unless otherwise noted, minimum and maximum limits apply over recommended temperature and power supply voltage ranges. 
Typical values are for T/\ = 25° C, Vqc = 5V and V|Q = 0V. See Note 2.) 


PARAMETER 

V|H 

Input Voltage — High Logic State 
(TRI-STATE Control) 

V|L 

Input Voltage — Low Logic State 
(TRI-STATE Control) 

VTH(D) 

Differential Input Threshold Voltage 

'IB(D) 

Input Bias Current 

Input Balance 

ioz 

Output TRI-STATE Leakage Current 

ios 

Output Short-Circuit Current 

IlL 

Input Current — Low Logic State 
(TRI-STATE Control) 

IlH 

Input Current — High Logic State 
(TRI-STATE Control) 

V|C 

Input Clamp Diode Voltage 
(TRI-STATE Control) 

<CC 

Power Supply Current 


CONDITIONS 




-3.25 

mA 

-1.50 

mA 

1.50 

mA 

3.25 

mA 


— 7V < Vic < 7V, V| H TRI-STATE = 2V 
l 0 = 0.4 mA, Vqh>2.7V 


Iq = 8 mA, Vql > 0.5V 


Vqc = 0V or 5.25V, Other Inputs at 0V 


V| = -10V 


V| = — 3V 


V| = 3V 


V|=10V 


-7V<V|c< 7V,V| H (3C) = 2V, 
(Note 4) 


10 = 0.4 mA, V|o = 0.4V 


Iq = 8 mA, V|q = —0.4V 


V|(D) = 3V,V| L = 0.8V, Vql = 0.5V 


V|(D) = — 3V, V|L = 0.8V, Vqh = 2.7V 


V | ( D ) = 3V, V|H TRI-STATE = 2V, 
V O ^0, (Note 3) 


V| L = 0.5V 


V|h = 2.7V 


V| L = 5.25V 


l||\| = —10 mA 


All Inputs V|l = 0V 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise 
noted. 

Note 3: Only one output at a time should be shorted. 

Note 4: Refer to EIA RS-422/3 for exact conditions. 
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DS3486 


Switching Characteristics (Unless otherwise noted, V^C = 5V and Ta = 25°C. 


PARAMETER 

Propagation Delay Time — Differential Inputs to Output 

tPHL(D) 

Output High to Low 

tPLH(D) 

Output Low to High 


Propagation Delay Time — TRI-STATE Control to 


Output 

tPLZ 

Output Low to TRI-STATE 

tPHZ 

Output High to TRI-STATE 

tPZH 

Output TRI-STATE to High 

tPZL 

Output TRI-STATE to Low 



19 

35 

ns 

19 

30 

ns 




23 

35 

■ ns 

25 

35 

ns 

18 

30 

ns 

20 

30 

ns 


AC Test Circuits and Switching Time Waveforms 


TO SCOPE 
(INPUT) 


GENERATOR 


DIFFERENTIAL 

INPUTS 


TO SCOPE 
(OUTPUT) 



C L = 15 pF 
INCLUDES PROBE 
AND STRAY 
CAPACITANCE 


TRI-STATE® CONTROL 



Input pulse characteristics: 
tjLH = tjHL = 6 ns (10% to 90%) 
PRR = 1 MHz, 50% duty cycle 


FIGURE 1. Propagation Delay Differential Input to Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 


TO SCOPE 

(INPUT) TRI-STATE 

A CONTROL 


GENERATOR' 


TO SCOPE 
(OUTPUT) 


DIFFERENTIAL! 
r INPUTS 


C L = 15 pF INCLUDES 
PROBE AND STRAY, 
CAPACITANCE 


0—0 5V 


ALL DIODES 1N916 OR 
EQUIVALENT 


1 .5V for tpnz and tp|_z 
—1 ,5V for tpi_z an d tpzi_ 

Input pulse characteristics: 
tfLH = l THL = 6 ns (10% to 90%) 
PRR ■*» 1 MHz, 50% duty cycle 


■1.5V - 4 - E| N 

S— - — i SW1 CLOSED 

I . tn , „ SWZ CLOSED 



SW1 CLOSED 
SW2 CLOSED 



3V 

A 7 

3V 


\ 1l5V 1 SW1 OPEN 

INPUT 

OV — 

' • SW2 CLOSED 

OV 


— H — *PZH 


V 0H 

— v / 

=*5V -Vg£ 


\ 7 fl5V 

OUTPUT 

OV — 

V / 

V 0L 



OV 


SW1 CLOSED 
SW2 OPEN 



FIGURE 2. Propagation Delay TRI-STATE Control Input to Output 
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DS3587/DS3487 



National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS3587/DS3487 Quad TRI-STATE® Line Driver 


General Description 

National's quad RS-422 driver features four indepen- 
dent driver chains which comply with EIA Standards 
for the electrical characteristics of balanced voltage 
digital interface circuits. The outputs are TRI-STATE® 
structures which are forced to a high impedance state 
when the appropriate output control pin reaches a logic 
zero condition. All input pins are PNP buffered to 
minimize input loading for either logic one or logic zero 
inputs. In addition, internal circuitry assures a high 
impedance output state during the transition between 
power up and power down. 


Features 

■ Four independent driver chains 

■ TRI-STATE outputs 

■ PNP high impedance inputs (PIA compatible) 

■ Power up/down protection 

■ Fast propagation times (typ 10 ns) 

■ TTL compatible 

■ Single 5V supply voltage 

■ Output rise and fall times less than 20 ns (typ 10 ns) 

■ Pin compatible with MC3487 

■ Output skew — 2 ns typ 



Connection Diagram 


Dual-In-Line Package 



TOP VIEW 

Order Number DS3587J, DS3487J or DS3487N 
See NS Package J16A or N16A 


Truth Table 



L = Low logic state 
H = High logic state 
X = Irrelevant 

Z = TRI-STATE (high impedance) 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 8V 

Input Voltage 5.5V 

Storage Temperature — 65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

•Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .9 mW/°C above 25° C. 


1509 mW 
1476 mW 


Supply Voltage {Vqq) 
DS3587 
DS3487 

Temperature (T/\) 
DS3587 
DS3487 


Electrical Characteristics (Notes 2, 3 , 4 and 5) 


PARAMETER 

V|L 

Input Low Voltage 

V|H 

Input High Voltage 

H9HHI 

Input Low Current 

l|H 

Input High Current 

vcl 

Input Clamp Voltage 

VOL 

Output Low Voltage 

VOH 

Output High Voltage 

'OS 

Output Short-Circuit Current 

ioz 

Output Leakage Current (TRI-STATE) 

lOFF 

Output Leakage Current Power OFF 

! v OS - Vosl 

Difference in Output Offset Voltage 

VT 

Differential Output Voltage 

< 

H 

1 

<1 

H 

Difference in Differential Output 
Voltage 

Icc 

Power Supply Current 



Switching Characteristics v C c = sv. t a = 25°c 


CONDITIONS 


PARAMETER 

tPHL 

Input to Output 

tPLH 

Input to Output 

l THL 

Differential Fall Time 

l TLH 

Differential Rise Time 

tPHZ 

Enable to Output 

tPLZ 

Enable to Output 

tPZH 

Enable to Output 

tPZL 

Enable to Output 




TYP 

MAX 

UNITS 

10 

15 

ns 

10 

15 

ns 

10 

15 

ns 

10 

15 

ns 

17 ' 

25 

ns 

15 

25 

ns 

11 

25 

ns 

15 

25 

ns 


RL = 200n,CL = 50pF 


Rl = 200S7, Cl = 50 pF 


RL = °°, Cl = 50 pF, SI Open 


R|_ = 200f2, Cl = 50 pF, S2 Open 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70° C range for the DS3487. All typicals are given for Vqc = 5V and 
T A = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422, where applicable. 
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DS3587/DS3487 


AC Test Circuits and Switching Time Waveforms 


5V 



FIGURE 1. Propagation Delays 


5V 



SI and S2 closed except as noted. Q SI = open for tp^p) 

C|_ includes probe and jig capacitance. I S2 = open for tpzL 


FIGURE 2. TRI-STATE Enable and Disable Delays 



FIGURE 3. Differential Rise and Fall Times 
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National Transmission Line 

MM Semiconductor Drivers/Receivers 

DS1603/DS3603, DS55107/DS75107, DS55108/DS75108, 
DS75207, DS75208 Dual Line Receivers 

General Description Features 

The eight products described herein are TTL ■ Diode protected input stage for power "OFF" 

compatible dual high speed circuits intended for condition 

sensing in a broad range of system applications. ■ 17 ns typ high speed 

While the primary usage will be for line receivers ■ ■ 

or MOS sensing, any of the products may effec- * compati e 

tively be used as voltage comparators, level trans- ■ ±10 mV or ±25 mV input sensitivity 

lators, window detectors, transducer preamplifiers, ■ +3V input common-mode range 

and in other sensing applications. As digital line . , . , . 

„ ■ „ i- ui ■ High input impedance with norma V rr , or 1 

receivers the products are applicable with the w nv LC 

SN55109/SN75109 and SN551 10/SN751 10 com- V cc - OV 

panion drivers, or may be used in other balanced B Strobes for channel selection 

or unbalanced party-line data transmission systems. ■ TRI-STATE outputs for high speed buses 

The improved input sensitivity and, delay specifi- a c> ua | c j rcu jts 

cations of the DS75207 and DS75208 make them _ . . . , , „ 

n/inc „ ■ Sensitivity gntd. over full common-mode range 

ideal tor sensing high performance MOS memories 3 3 

as well as high sensitivity line receivers and voltage * Logic input clamp diodes— meets both A and 

comparators. TRI-STATE© products enhance ® version specifications 

bused organizations. ■ ±5V standard supply voltages 

Input protection diodes are incorporated in series 
with the collectors of the differential input stage. 

These diodes are useful in certain applications 
that have multiple Vcc + supplies or Vcc + sup- 
plies that are turned off. 


Connection Diagrams 

Dual-ln-Line Package 


Dual-In-Line Package 

INPUT INPUT 



i r 

OUTPUT STROBE STROBE 


OUTPUT STROBE DISABLE GNO 


Order Number DS55107J, DS75107J, 
DS55108J, DS75108J, DS75207J 
or DS75208J 
See NS Package J14A 

Order Number DS75107N, DS75108N, 
DS75207N or DS75208N 
See NS Package N14A 

Product Selection Guide 


Order Number DS1603J or DS3603J 
See NS Package J14A 


Order Number DS3603N 
See NS Package N14A 


TEMPERATURE- 

PACKAGE-* 

-55°C<T a <+125°C 1 

CAVITY DIP i 

0°C<T A <+70°C 
CAVITY OR MOLDED DIP 

INPUT SENSITIVITY- 
OUTPUT EOGICi 

±25 mV 

±25 mV 

+ 10 mV 

, TTL Active Pull-up 

OS55107 

DS75107 

DS75207 

TTL Open Collector 

DS55108 

DS75108 

DS75208 

TTL TRI STATE 

DS1603 

DS3603 

DS3604 
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DS16/3603, 55/75107, 
55/75108,75207,75208 
















DS16/3603, 55/75107, 
55/75108,75207,75208 


Absolute Maximum Ratings (Notes 1, 2 and 3) 


Supply Voltage, Vcc + 

Supply Voltage, Vcc” 
Differential Input Voltage 
Common Mode Input Voltage 
Strobe Input Voltage 
Storage Temperature Range 


7V 

-7V 

±6V 

±5V 

5.5V 

-65° C to + 1 50° C 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec) 


1308 mW 
1207 mW 
300° C 


‘Derate cavity package 8.7 mW/°C above 25°C; derate 
molded package 9.7 mW/°C above 25°C. 


Operating Conditions 



DS55107, 

DS55108, 

DS1603 

DS75107, DS75207 
DS75108, DS75208 
DS3603 


MIN 

NOM 

MAX 

MIN 

NOM 

MAX 

Supply Voltage Vcc + 

4.5V 

5V 

5.5V 

4.75V 

5V 

5.25V 

Supply Voltage Vqc~ 

-4.5V 

5 V 

-5.5V 

4.75V 

5 V 

5.25V 

Operating Temperature Range 

-55' C 

to 

+ 125"C 

0°C 

to 

+7CTC 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1603, DS55107 and DS55108 
and across the 0°C to +70°C range for the DS3603, DS75107, DS75108. All typical values are for T^ = 25°C and Vqq = 5V. 

Note 3: All currfents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Typical Applications 

Line Receiver Used in a Party-Line or Data-Bus System 

RECEIVERS 



DRIVERS 

Line Receiver Used in MOS Memory System 



1-26 




1-27 


DS16/3603, 55/75107, 
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DS16/3603, 55/75107, 
55/75108,75207,75208 


DS551 07/DS7 51 07, DS55108/DS75108 
Electrical Characteristics <t m , n <t a <t max > 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l, H High Level Input Current 

Into A1, B1, A2 or B2 

Vqq+ = Max, Vqq- = Max, 
V| D =0.5V, V| C =-3Vto3V 


30 

75 

mA 

l )L Low Level Input Current 

Into A1, B1, A2 or B2 

Vcc+ = Max, V cc _ = Max, 
V ID =-2 V, V| C =-3V to 3V 

■ 


-10 

mA 

l| H High Level Input Current 

Into G1 or G2 

V cc+ = Max, 

V cc - = Max 

V, H (s) = 2.4V 



40 

/jA 

Vihis) = Max V c c+ 



1 

mA 

l IL Low Level Input Current 

Into G1 or G2 

V C c+ = Max, V C c- = Max, 
V, L (s) = 0.4V 



-1.6 

mA 

l (H High Level Input Current Into S 

Vcc+ = Max, 
V C c- = Max 

v ih(S) “ 2.4V 



80 

ma 

Vih(s) = Max V C c+ 



2 

mA 

l| L Low Level Input Current Into S 

Vcq+ - Max, “ Max 

V,l(s) = 0.4V 

■ 

■ 

-3.2 

mA 

V OH High Level Output Voltage 

Vcc+ = Min, V C c- = Min, 

Iload = -400pA, V| D =25 mV, 
V| C =-3V to 3V, (Note 3) 

H 



V 

V OL Low Level Output Voltage 

Vcc+ = Min, V cc - = Min, 

Isink = 16 mA, V| D = —25 mV, 
V| C = -3V to 3V 

■ 

■ 

0.4 

V 

l OH High Level Output Current 

V C cr = Min, V cc - = Min 
V 0 h = Max V C c+. (Note 4) 


■ 

250 

MA 

l os Short Circuit Output Current 

Vqq+ = Max, Vqq = Max, 

(Notes 2 and 3) 

-18 


-70 

mA 

I C ch+ High Logic Level Supply 

Current From V cc 

V^Q-f = Max, Vqq_ ~ Max, 
V, D = 25 mV, T a - 25°C 


18 

30 

mA 

l CCH _ High Logic Level Supply 

Current From V cc 

V C c+ = Max, V C c- = Max, 
V ID = 25 mV, T a = 25°C 

■ 

-8.4 

‘ ' 1 

-15 

mA 

V, Input Clamp Voltage on G or S 

Vqq+ = Min, Vqq = Min, 

l, N =-12 mA,T A = 25°C | 


-1 

-1.5 

V 


Switching Characteristics (v cc+ = 5v, v cc _ = -sv, t a = 25°ci 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vlhid) Propagation Delay Time. Low to 

High Level, From Differential 
Inputs A and B to Output 

R l = 390fl, C L = 50 pF, 
(Note 1) 

(Note 3) 


17 

25 

ns 

(Note 4) 


19 

25 

ns 

tpHL(D) Propagation Delay Time, High to 

Low Level, From Differential 
Inputs A and B to Output 

R l = 3900, C L = 50 pF, 
(Note 1) 

(Note 3) 


17 

25 

ns 

(Note 4) 


19 

25 

ns 

tpLHis) Propagation Delay Time, Low to 

High Level, From Strobe Input G 
or S to Output 

R l =3900, C u = 50 pF 

(Note 3) 


10 

15 

ns 

(Note 4) 


13 

20 

ns 

Iphus) Propagation Delay Time, High to 

Low Level, From Strobe Input G 
or S to Output 

R l = 390ft, C L = 50 pF ! 

' 

(Note 3) 


8 

15 

ns 

(Note 4) 

i 


13 

20 

ns 


Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 

Note 3: DS55107/DS75107 only. 

Note 4: DS55108/DS75108 only. 
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DS75207, DS75208 
Electrical Characteristics <o°c 


PARAMETER 


i H High Level Input Current 

Into A1, B1, A2 or B2 


il Low Level Input Current 

Into A1, B1, A2 or B2 


!H High Level Input Current 

Into G1 or G2 


IL Low Level Input Current 

Into G1 or G2 


ih High Level Input Current Into S 


i L Low Level Input Current Into S 


Vqh High Level Output Voltage 


Vql Low Level Output Voltage 




High Level Output Current 


Short Circuit Output Current 


High Logic Level Supply 
Current From V cc 


High Logic Level Supply 
Current From V cc 


Input Clamp Voltage on G or S 


< T a < +70 C) 


CONDITIONS 


V cc + = Max, V cc _ ='Max, 

V ,D = 0.5V, V| C = -3V to 3V 


V cc + = Max, V cc _ = Max 
V | D =-2V, V, c =-3V to 3V 


V cc » = Max, 

Vcc- = Max I V| H(S ) = Max Vcc+ 


V cc+ = Max, V cc _ = Max, 

V,us) = 0.4V 


V cc+ = Max, 

Vcc- = Max I V|h(s) = Max Vcc+ 


V cc + — Max, Vcc— — Max, 
V, L (S) = 0.4V 


Vcc+ = Min, V C c- = Min, 

^load = — 400aA, V|q = 10 mV, 
V,c = -3V to 3V, (Note 3) 


V C c+ = Min, V C c- = Min, 

I S imk = 18 mA, Vjq = 10 mV, 
V,c = — 3V to 3V 


V C c+ = Min, V C c- = Min, 
V OH = Max V cc +, (Note 4) 


V c c+ = Max, V C c- = Max 
(Notes 2, 3 and 4) 


V C c+ ~ Max, Vcc- = Max, 
V,c = 10 mV, T a = 25°C 


V c c< = Max, V cc - = Max, 
V iq = 10 mV, T a = 25°C 


V cc+ = Min, V C c- = Min, 
l, N = ~12 mA, T a = 25°C 


MIN TYP 





Switching Characteristics <v cc+ = 5v, v cc _ = -sv, t a = 25°o 


PARAMETER CONDITIONS 


R l =470n, C 


PARAMETER 

Vlhid) 

Propagation Delay Time, Low-to- 
High Level, From Differential 
Inputs A and B to Output 

tpHLID) 

Propagation Delay Time, High-to- 
Low Level, From Differential 
Inputs A and B to Output 

tpLHIS) 

Propagation Delay Time, Low-to- 
High Level, From Strobe Input G 
or S to Output 

Vhus) 

Propagation Delay Time, High-to- 
Low Level, From Strobe Input G 
or S to Output 



R l = 470J2, C L = 15 pF, (Note 1) 


R l = 470J2, C 


R l = 470J2, C 


Note 1: Differential input is +10 mV to —30 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 

Note 3: DS75207 only. 

Note 4: DS75208 only. 


MAX 

UNITS 

75 

aa 

-10 

AA 

40 

aa 

1 

mA 

-1.6 

mA 

80 

aa 

2 

mA 

-3.2 

mA 


V 

0.4 

V 

250 

aa 

-70 

mA 

30 

mA 

-15 

mA 

-1.5 

V 


MAX 

UNITS 

35 

ns 

20 

ns 

17 

ns 

17 

ns 
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DS16/3603, 55/75107, 
55/75108, 75207, 75208 


DS1603/DS3603 

Electrical Characteristics <t min <t a <t max ) 


PARAMETER 

CONDITIONS 

MIN | 

TYP 

MAX 

UNITS 

1 i H High Level Input Current 

Into A1, B1, A2 or B2 

V cct = Max, V cc _ = Max, 
V ID = 0.5V, V| C = -3V to 3V 

| 

30 

75 

PA 

Iil Low Level Input Current 

Into A1 , B1, A2 or B2 

V cc+ = Max, V CC — = Max, 
V| D =-2V, V, c =-3V to 3V 

■ 


-10 

pA 

l| H High Level Input Current 

Into G1, G2 or D 

V cc+ = Max, 
V cc _ = Max 

V ih is) - 2.4V 



40 

M 

V ih(s) = Max V C ct 



1 

mA 

Iil Low Level Input Current Into D 

V CCt = Max, V cc _ = Max, 
V IL (D) =0.4V 

■ 

■ 

-1.6 

mA 

1 1 1 _ Low Level Input Current 

Into G1 or G2 

V C c+ = Max. 
V cc _ = Max, 
Vil(gi = 0.4V 

V|H(D) “ 2V 



-40 

PA 

Viud, =0.8V 



-1.6 

mA 

V OH High Level Output Voltage 

V C c+ — Min, Vqq — — Min, 

'load = _ 2 mA, V| D = 25 mV 
Viud) = 0.8V, V IC =-3V to 3V 

H 

■ 

■ 

V 

V OL Low Level Output Voltage 

Vcct = Min, V cc _ = Min, 

Isink = 16 mA, V|q = 25 mV, 
Vil(d) = 0.8V, V IC =-3V to 3V 

■ 

■ 

0.4 

V 

loo Output Disable Current 

V C ct = Max, 
V C c- = Max 
V ih( d) = 2V 

Vout _ 2.4V 



40 

pA 

Vqut = 0.4V 



-40 

pA 

1 os Short Circuit Output Current 

Vqc+ ~ Max, V| L ( D ) - 0.8V, 
V cc _ = Max, (Note 2) 

-18 

■ 

-70 

mA 

Icch+ High Logic Level Supply 

Current From V cc+ 

V^Qf = Max, Vqq = Max, 

V , D =25 mV, T a = 25° C 


28 

40 

mA 

Icch- High Logic Level Supply 

Current From V cc _ 

V CC t = Max, V cc - = Max, 
V ID =25 mV, T a = 25°C 

■ 

m 

-15 

mA 

V, Input Clamp Voltage on G or D 

V C ct = Min, V cc _ = Min, 
l IN = -12 mA, T a = 25°C 

■ 

■ 

-1.5 

V 


Switching Characteristics <v cc+ = 5v, v cc - = -sv, t a = 25°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLHlD) Propagation Delay Time, Low-to- 

High Level, From Differential 
Inputs A and B to Output 

R l = 39012, C L = 50 pF, (Note 1) 

■ 

17 

25 

ns 

Vhlid) Propagation Delay Time, High-to- 

Low Level, From Differential 
Inputs A and B to Output 

R l = 39012, C L = 50 pF, (Note 1 ) 

■ 

17 

'25 

ns 

fpLH(s) Propagation Delay Time, Low-to- 

High Level, From Strobe Input G 
to Output 

R l = 39012, C L = 50 pF 

■ 

10 

15 

ns 

tpHL(s) Propagation Delay Time, High-to- 

Low Level, From Strobe Input G 
to Output 

R l = 39012, C L = 50 pF 

■ 

8 

15 

ns 

t 1H Disable Low-to-High to Output 

High to Off 

R l = 39012, C L = 5 pF 

■ 

| 

20 

ns 

ton Disable Low-to-High to Output 

Low to Off 

R l = 39012, C L = 5 pF 


■ 

30 

ns 

t H1 Disable High-to-Low to Output 

Off to High 

R l = Ik to 0V, C L = 50 pF 

■ 

■ 

25 

ns 

t H0 Disable High-to-Low to Output 

Off to Low 

R l = 39012, C L = 50 pF 

■ 

■ 

25 

ns 


Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 
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National 

Jud Semiconductor 
OS1650/DS365Q, OS1652/DS3652 
Quad Differential Line Receivers 

General Description 


Transmission Line 
Drivers/Receivers 


The DS1 650/DS3650 and DS1652/DS3652 are TTL 
compatible quad high speed circuits intended primarily 
for line receiver applications. Switching speeds have 
been enhanced over conventional line receivers by the 
use of Schottky technology, and TRI-STATE® strobing 
is incorporated offering a high impedance output state 
for bussed organizations. 

The DS1650/DS3650 has active pull-up outputs and 
offers a TRI-STATE strobe, while the DS1652/DS3652 
offers open collector outputs providing implied "AND" 
operation. 

The DS1652/DS3652 can be used for address decoding 
as illustrated below. All outputs of the DS1652/DS3652 
are tied together through a common resistor to 5V. In 


this configuration the DS1652/DS3652 provides the 
"AND" function. All addresses have to be true before 
the output will go high. This scheme eliminates the need 
for an "AND" gate and enhances speed throughput for 
address decoding. 

Features 

■ High speed 

■ TTL compatible 

■ Input sensitivity ±25 mV 

■ TRI-STATE outputs for high speed busses 

■ Standard supply voltages ±5V 

■ Pin and function compatible with MC3450 and 
MC3452 


Connection Diagram 


Truth Table 


Dual-In-Line Package 

V CC -IN B -UN B OUT B VfE OUT 0 +IN 0 -IN 0 
1 1 6 1 1 5 1 1 4 1 13 lit |l1 |t0 |9 



i OUTPUT ! 

DS1650/ 

DS1652/ 

DS3650 

DS3652 

H 

Open 

Open 

Open 

X 

X 

Open 

Open 

L 

L 

Open 

Open 


-IN A +IN A OUT A STB OUT C +IN C -INC GNO 

TOP VIEW 

Order Number DS1650J, DS1652J, 

DS3650J, DS3652J, 

DS3650N or DS3652N 
See NS Package J16A or N16A 

Typical Applications 

Implied "AND" Gating 

V REF 


L = Low Logic State Open = TRI-STATE 
H = High Logic State X = Indeterminate State 


Wired "OR" Data Selecting Using TRI-STATE Logic 
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DS16/3650, DS16/3652 


Absolute Maximum Ratings 

(Note 1) 

Operating Conditions 






MIN 

MAX 

UNITS 

Power Supply Voltages 


Supply Voltage, V^c 




V CC 

+7.0 V D c 

DS1650, DS1652 

4.5 

5.5 

V DC 

Vee 

-7.0 V DC 

DS3650, DS3652 

4.75 

5.25 

VDC 

Differential-Mode Input Signal Voltage 


Supply Voltage, Vee 




Range, V|or 

±6.0 Vqc 

DS1650, DS1652 

-4.5 

-5.5 

V DC 

Common-Mode Input Voltage Range, V|cr 

±5.0 V DC 

DS3650, DS3652 

-4.75 

-5.25 

V DC 

Strobe Input Voltage, Vi/e) 

5.5 V DC 

Operating Temperature, T/\ 




Storage Temperature Range -65°C to +1 50°C 

DS1650, DS1652 

-55 

+125 

°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

DS3650, DS3652 

0 

+70 

°C 

Maximum Power Dissipation* at 25 C 


Output Load Current, Iol 


16 

mA 

Cavity Package 

1 509 mW 

Differential-Mode Input 




Molded Package 

1476 mW 

Voltage Range, V|qr 

-5.0 

+5.0 

VDC 

O O 


Common-Mode Input 




'Derate cavity package 10.1 mW/ C above 25 C; 
package 1 1 .8 mW/°C above 25°C. 

derate molded 

Voltage Range, V|cr 

-3.0 

+3.0 

V DC 



Input Voltage Range (Any 




Electrical Characteristics 


Input to GND), V|r 

-5.0 

+3.0 

V DC 


(VCC = 5.0 Vqq, Vee = —5.0 Vqc, Min <T/\< Max, unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|S Input Sensitivity, (Note 5) 

(Common-Mode Voltage Range = 
— 3V<V| N <3V) 

Min<Vcc^Max 
Min > Vee > Max 



+25.0 

mV 

l|H(l) High Level Input Current to 
Receiver Input 

(Figure 5) 



75 

pA 

1 1 L( l ) Low Level Input Current to 
Receiver Input 

(Figure 6) 



-10 

pA 

1 1 H (S) High Level Input Current to 
Strobe Input 

(Figure 3) 

V|H(S) = 2.4V, 
DS1650, DS1652 



100 

pA 

V|H(S) = 2.4V, 
DS3650, DS3652 



40 

p A 

V IH(S) = V CC 



1 

mA 

l|L(S) Low Level Input Current to Strobe 
Input 


V|H(S) = 0.4V 



-1.6 

mA 

VoH High Level Output Voltage 

ICEX High Level Output Leakage 

Current 

(Figure 1) 

DS1650, DS3650 

2.4 



VDC 

DS1652, DS3652 



250 

pA 

Vol Low Level Output Voltage 

(Figure 1) 

DS3650, DS3652 



0.45 

VDC 

DS1650, DS1652 



0.50 

Iqs Short-Circuit Output Current (Note 4) 

( Figure 4) 

DS1650/DS3650 

- 18 


-70 

mA 

lOFF Output Disable Leakage Current 

(Figure 7) 

DS1650 



100 

pA 

DS3650 



40 

pA 

ICCH High Logic Level Supply Current 
from VcC 

(Figure 2) 



45 

60 

mA 

lEEH High Logic Level Supply Current 
from Vee 

(Figure 2) '■ 



-12 

-30 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C range for the DS3650, DS3652 and the — 55° C to +125°C 
range for the DS1650, DS1652. All typical values are for Ta = 25°C, V^c = 5V and Vee = — 5V; 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with line receivers is, what is the minimum differential input voltage required 
as the receiver input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is well 
known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and voltage 
gain. As a design convenience, the DS1650, DS1652 and the DS3650, DS3652 are specified to a parameter called input sensitivity (V|s). This 
parameter takes into consideration input offset currents and bias currents and guarantees a minimum input differential voltage to cause a given 
output logic state with respect to a maximum source impedance of 200S7 at each input. 
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Switching Characteristics (VCC = 5 Vqc, VeE = Vdc> Ta = 25°C unless otherwise noted) 


PARAMETER 

tPHL(D) 

High-to-Low Logic Level Propagation 
Delay Time (Differential Inputs) 

tpLH(D) 

Low-to-High Logic Level Propagation 
Delay Time (Differential Inputs) 

tPOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

tPHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

. tpoL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

tPLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

tPHL(S) 

High-to-Low Logic Level Propagation 
Delay Time (Strobe) 

tPLH(S) 

Low-to-High Logic Level Propagation 
Delay Time (Strobe) 


CONDITIONS 



(Figure 10) 


DS1650/DS3650 


DS1 652/DS3652 


DS1 650/DS3650 


DS1652/DS3652 


DS1650/DS3650 


DS1650/DS3650 


DS1650/DS3650 


DS1650/DS3650 


DS1652/DS3652 


DS1652/DS3652 



TYP 

MAX 

UNITS 

21 

25 

ns 

20 

25 

ns 

20 

25 

ns 

22 

25 

ns 

16 

21 

ns 

■ 

18 

ns 

19 

27 

ns 

14 

29 

ns 

16 

25 

ns 

13 

25 

ns 


Electrical Characteristic Test Circuits 


;o — 0-o 

>CEX 



□SI 650/ I 
DS365Q ~±: 



DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ DS1650/ DS1652/ 

DS3650 DS3652 DS3650 DS1652 DS1650 DS1652 DS1650 DS1652 


+3.0V 

-2.975V 


+2. 975V I +2. 975V GND 


-2.975V -2.975V -3.0V -3.0V 


Channel A shown under test. Other channels are tested similarly. 

FIGURE 1.I C EX,V 0H and V 0 L 



3.0V GND 
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DS16/3650, DS16/3652 




























































































DS16/3650, DS16/3652 


Electrical Characteristic Test Circuits (Continued) 



FIGURE 2. IcCH ant J •EEH 



No'te. Channel A shown under test, other channels are tested 
similarly. Only one output shorted at a time. 


FIGURE 4. IQS 



Note. Channel A ( — ) shown under test, other channels are tested 
similarly. Devices are tested with VI from 3V to — 3V. 

FIGURE 6. 1 1 1_ 



FIGURE 3. I |H (S) and l|L(S) 



Note. Channel A(— ) shown under test, other channels are 
tested similarly. Devices are tested with VI from 3V to — 3V. 

FIGURE 5. 1 1 h 



Note. Output of Channel A shown under test, other outputs 
are tested similarly for VI = 0.4V and 2.4V. 


FIGURE 7. IqfF 
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AC Test Circuits and Switching Time Waveforms 



Note. Output of Channel B shown under test, other channels are tested similarly. E|[\j waveform characteristics: 

SI at "A" for DS1652/DS3652 *TLH and fTHL < 10 ns measured 10% to 90% 

SI at "B" for DS1 650/DS3650 PRR = 1 MHz 

C|_ = 15 pF total for DS1 652/DS3652 Duty Cycle = 500 ns 

C L = 50 pF total for DS1 650/DS3650 

FIGURE 8. Receiver Propagation Delay tpLH(D) and tPHL(D) 


tPLO(S) 




tPHO(S) 


Note. Output of Channel B shown under test, other channels are tested similarly. 



V OH -0.5V 
* 1.5V 


tPOL(S) 



VI 

V2 

SI 

S2 

cl 

tPLO(S) 

100 mV 

GND 

Closed 

Closed 

15 pF 

tPOL(S) 

100 mV 

GND 

Closed 

Open 

50 pF 

tPHO(S) 

GND 

100 mV 

Closed 

Closed 

15 pF 

tPOH(S) 

GND 

100 mV 

Open 

Closed 

50 pF 



Cl includes jig and probe capacitance. 

E|n waveform characteristics: t-pLH and l THL ^ 10 ns measured 
10% to 90% 

PRR = 1 MHz 
Duty Cycle = 50% 


tPOH(S) 



FIGURE 9. Strobe Propagation Delay tpLO(S). tpoL(S). tpHO(S) and tpoH(S) 


1-35 


DS16/3650, DS16/3652 



































DS16/3650, DS16/3652 


AC Test Circuits and Switching Time Waveforms (Continued) 


5V 



Note. Output of Channel B shown under test, other channels are tested similarly. 


e in 


E o 



Note. E||\j waveform characteristics: 

e TLH an d tTHL ^ ns measured 10% to 90% 
PRR = 1 MHz 
Duty Cycle = 500 ns 


FIGURE 10. Strobe Propagation Delay tp|_H(S) anc * tPHUS) 


Schematic Diagrams 
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National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS1691A/DS3691 (RS-422/RS-423) Line Drivers 
with TRI-STATE® 


General Description 


The DS1691A/DS3691 are low power Schottky TTL line 
drivers designed to meet the requirements of EIA stand- 
ards RS-422 and RS-423. They feature 4 buffered outputs 
with high source and sink current capability with internal 
short circuit protection. A mode control input provides a 
choice of operation either as 4 independent line drivers or 
2 differential line drivers. A rise time control pin allows the 
use of an external capacitor to reduce rise time for sup- 
pression of near end crosstalk to other receivers in the 
cable. 

With the mode select pin low, the DS1691A/DS3691 are 
dual differential line drivers with TRI-STATE outputs. They 
feature ± 10V output common-mode range in TRI-STATE 
and 0V output unbalance when operated with ± 5V supply. 


Features 

■ Dual RS-422 line driver with mode pin low, or quad 
RS-423 line driver with mode pin high 

■ Individually TRI-STATEable differential drivers in 
differential mode 

■ Short circuit protection for both source and sink outputs 

■ Outputs will not clamp line with power off or in 
TRI-STATE 

■ Individual rise time control for each output 

■ 1001} transmission line drive capability 

■ Low Iqc and I ee power consumption 

RS-422 35mW/drivertyp 

RS-423 26mW/drivertyp 

■ Low current PNP inputs compatible with TTL, MOS and 
CMOS 


Connection Diagram 


Connection Diagram 


With Mode Select LOW 
(RS-422 Connection) 


INPUT A 
INPUT B/OISABLE 


INPUT C/DISABLE 
INPUT D 



RISE TIME CONTROL A 
OUTPUT A 
OUTPUT B 

RISE TIME CONTROL B 
RISE TIME CONTROL C 
OUTPUT C 
OUTPUT 0 

RISE TIME CONTROL 0 


With Mode Select HIGH 
(RS-423 Connection) 



RISE TIME CONTROL A 
OUTPUT A 
OUTPUTS 

RISE TIME CONTROL B 
RISE TIME CONTROL C 
OUTPUT C 
OUTPUT D 

RISE TIME CONTROL D 


Truth Table 


Operation 

Inputs 

Outputs 

Mode 

A(D) 

B (C) 

A(D) 

B(C) 

RS-422 

0 

0 

0 

0 

1 


0 

0 

1 

TRI-STATE 

TRI-STATE 


0 

1 

0 

1 

0 


0 

1 

1 

TRI-STATE 

TRI-STATE 

RS-423 

1 

0 

0 

0 

0 


1 

0 

1 

0 

1 


1 

1 

0 

1 

0 


1 

1 

1 

1 

1 


Order Number DS1691AJ, DS3691J or DS3691N 
See NS Package J16A or N16A 
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DS1691A/DS3691 


Absolute Maximum Ratings (Note d 

Supply Voltage 

V CC 7V 

V EE -7 V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1509mW 

Molded Package 1476 mW 

Input Voltage 15V 

Output Voltage (Power OFF) ±15V 

Storage Temperature -65°Cto + 150°C 

Lead Temperature (Soldering, lOseconds) 300°C 

'Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.9 mW/°C above 25°C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage 

DS1691A 

Vcc 

4.5 

5.5 

V 

Vee 

-4.5 

-5.5 

V 

DS3691 

Vcc 

4.75 

5.25 

V 

Vee 

-4.75 

-5.25 

V 

Temperature (T A ) 

DS1691A 

-55 

+ 125 

°c 

DS3691 

0 

+ 70 

°c 


DC Electrical Characteristics (Notes 2, 3, 4 and 5) 


Conditions 


Parameter 


RS-422 CONNECTION, V EE CONNECTION TO GROUND, MODE SELECT :S 0.8V 


High Level Input Voltage 


Low Level Input Voltage 


High Level Input Current 


IlL 


V, 


Vo 


v 0 


V T 


V T 


Vos. Vos 


|VtI-|VtI 


|Vqs| - I Vqs | 


Low Level Input Current 


Input Clamp Voltage 


Differential Output Voltage 
Va,b 


Differential Output Voltage 
Va.b 


Common-Mode Offset 
Voltage 


Difference in Differential 
Output Voltage 


Difference in Common- 
Mode Offset Voltage 


|Vt-Vt| 


Output Voltage Common- 
Mode Range 


Output Leakage Current 
Power OFF 


TRI-STATE Output Current 


Output Short Circuit Current 


Output Short Circuit Current 


Supply Current 


V| N = 2.4V 


V, n <15V 


Vin = 0.4V 


I in = - 12 mA 


R L =100fi 
V cc ^ 4.75V 


R L =ioon 


R l =1000 


r l =iood 


R L =100n, V cc > 4.75V 


Vdisable = 2.4V 


V,n = 2V 


V| N = 0.8V 


V|n = 2V 


V|n = 0.8V 


V CC = 0V 


Vin =0.4V 


VcMR= 10V 


VcMR= - 10V 


V C MR— 10V 


Vcmr^-10V 


V oa = 6V 


Vqb = 0V 


Vqa = 0V 


V 0B = 6V 


Typ Max 
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AC Electrical Characteristics t a =25°c {Note 5) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RS-422 CONNECTION, V CC = 5V, MODE SELECT = 0.8V 

mm 

Output Rise Time 

Rl= lOOfi, Cl = 500 pF (Figure 1) 


120 

200 

ns 

mm 

Output Fall Time 

R l = 1000, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDH 

Output Propagation Delay 

Rl = 1000, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDL 

Output Propagation Delay 

Rl = 1000, C L = 500 pF (Figure 1) 


120 

200 

ns 

tpZL 

TRI-STATE Delay 

Rl = 4500, Cl = 500 pF, Cc = 0 pF (Figure 4) 


250 

350 

ns 

tpZH 

TRI-STATE Delay 

Rl = 4500, Cl = 500 pF, Cc = 0 pF (Figure 4) 


180 

300 

ns 

tPLZ 

TRI-STATE Delay 

Rl = 4500, Cl = 500 pF, Cc = 0 pF (Figure 4) 


180 

300 

ns 

tPHZ 

TRI-STATE Delay 

Rl = 4500, Cl = 500 pF, Cc = 0 pF (Figure 4) 


250 

350 

ns 


DC Electrical Characteristics (Notes 2, 3 , 4 and 5) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RS-423 CONNECTION, |V CC | = |V EE |, MODE SELECT 2:2V 

< 

X 

High Level Input Voltage 


2 



V 

VlL 

Low Level Input Voltage 




0.8 

V 

l|H 

High Level Input Current 

V, N = 2.4V 
V, n <15V 


1 

10 

40 

100 

aA 

/*A 

IlL 

Low Level Input Current 

V, n = 0.4V 


-30 


/*A 

v, 

Input Clamp Voltage 

Ii N = -12 mA 



-1.5 

V 

V 0 

V 0 

Output Voltage 

R L = o°, (Note 6) 
V cc a 4.75V 

V| N = 2V 

4.0 

4.4 

6.0 

V 

V, N = 0.4V 

-4.0 

-4.4 

-6.0 

V 

v T 

V T 

Output Voltage 

R L = 4500, 
V cc ^ 4.75V 

V )n = 2.4V 

3.6 

4.1 


V 

V, N = 0.4V 

-3.6 

-4.1 


V 

|V T | - 1 VtI 

Output Unbalance 

|Vccl = |V EE |= 4.75V, Rl = 4501] 


0.02 

0.4 

V 

lx + 

Output Leakage Power OFF 

< 

o 

o 

II 

< 

m 

m 

II 

o 

< 

> 

CD 

II 

O 

> 


2 

100 

/tA 

lx" 

Output Leakage Power OFF 

< 

o 

o 

II 

< 

m 

m 

II 

o 

< 

< 

o 

II 

1 

05 

< 


-2 

-100 

mA 

SB 

Output Short Circuit Current 

> 

o 

II 

o 

> 

V, N = 2.4V 


-80 

-150 

mA 

ES 

Output Short Circuit Current 

> 

o 

II 

o 

> 

V| N = 0.4V 


80 

150 

mA 

•slew 

Slew Control Current 



±140 


mA 

•cc 

Positive Supply Current 

V|n = 0.4V, Rl = oo 


18 

30 

mA 

Iee 

Negative Supply Current 

V|n = 0.4V, R l = oo 


-10 

-22 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, mln/max limits apply across the -55°C to + 125'C temperature range for the DS1691A and across the 0°C to +70’C 
range for the DS3691. All typicals are given for Vcc = 5V and T A = 25°C. Vcc and V EE as listed in operating conditions. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 

Note 5: Symbols and definitions correspond to EIA RS-422 and/or RS-423 where applicable. 

Note 6: At -SS'C, the output voltage is + 3.9V minimum and -3.9V minimum. 
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DS1691A/DS3691 


AC Electrical Characteristics t a =25°c (Note 5) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RS-423 CONNECTION, V cc = 5V, V EE - 5V, MODE SELECT = 2.4V 

i 

tr 

Rise Time 

R l = 4500, C L = 500 pF, C c = 0 (Figure 2) 


120 

300 

ns 

tf 

Fall Time 

R l = 4500, C L = 500 pF, C c = 0 (Figure 2) 


120 

300 

ns 

tr 

Rise Time 

Rl = 4500, C L = 500 pF, Cc = 50 pF (Figure 3) 


3.0 


/*s 

tf 

Fall Time 

Rl = 4500, Cl = 500 pF, Cc = 50 pF (Figure 3) 


3.0 


ns 

Vc 

Rise Time Coefficient 

R l = 4500, C L = 500 pF, C c = 50 pF (Figure 3) 


0.06 


/iS/pF 

tpDH 

Output Propagation Delay 

R l = 4500, C L = 500 pF, C c = 0 (Figure 2) 


180 

300 

ns 

tpDL 

Output Propagation Delay 

Rl = 4500, C L = 500 pF, Cc = 0 (Figure 2) 


180 

300 

ns 


AC Test Circuits and Switching Time Waveforms 
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AC Test Circuits and Switching Time Waveforms (Continued) 



TEKCT2 CURRENT 
TRANSF. OR 

EQUIVALENT {INPUT A HIGH) 



Switching Waveforms 


FIGURE 4. TRI-STATE® Delays 


MOOE-O DANCED 



VcC-5V,V EE --5V 



Typical Rise Time Control Characteristics 


Rise Time vs External Capacitor 


10 100 n iok 
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DS1692/DS3692 


National Transmission Line 

Semiconductor Drivers/ Receivers 

DS1692/DS3692 TRI-STATE® Differential Line Drivers 


General Description 

The DS1692/DS3692 are low power Schottky TTL line 
drivers electrically similar to the DS1691A/DS3691 but 
tested to meet the requirements of MIL-STD-188-114. They 
feature 4 buffered outputs with high source and sink cur- 
rent capability with internal short circuit protection. A 
mode control input provides a choice of operation either 
as 4 independent line drivers or2 differential line drivers. A 
rise time control pin allows the use of an external capaci- 
tor to reduce rise time for suppression of near end cross- 
talk to other receivers in the cable. 

With the mode select pin low, the DS1692/DS3692 are dual 
differential line drivers with TRI-STATE outputs. They 
feature ± 10V output common-mode range in TRI-STATE 
and 0V output unbalance when operated with ± 5V supply. 


Logic Diagrom (i/2 circuit shown) 



Connection Diagram Truth Table 


V CC 


INPUT A 


INPUT B/DISABLE 
MODE SELECT 
GNU 

INPUT C/DISABIE 
INPUT D 
V E E 


TOP VIEW 

Order Number DS1692J, DS3692J or DS3692N 
See NS Package J16A or N16A 


— RISE TIME CONTROL A 


Inputs 


Outputs 

15 

— OUTPUT A 

Mode 

A(D) 

B (C) 

A(D) 

B (C) 

14 

— OUTPUT B 

0 

0 

0 

0 

1 

13 

0 

0 

1 

TRI-STATE 

TRI-STATE 

RISE TIME CONTROL B 

0 

1 

0 

1 

0 

— RISE TIME CONTROL C 

0 

1 

1 

TRI-STATE 

TRI-STATE 

— OUTPUT C 

1 

0 

0 

0 

0 

— OUTPUT D 

1 

0 

1 

' 0 

1 

9 

1 

1 

0 

1 

0 

RISE TIME CONTROL 0 

1 

1 

1 

1 

1 


Features 

■ Dual differential line driver or quad single-ended line 
driver 

■ Individually TRI-STATEable differential drivers meet 
MIL-STD-188-114 

■ Short circuit protection for both source and sink outputs 

■ Individual rise time control for each output 

■ 100Q transmission line drive capability 

■ Low Ice and I ee power consumption 

Differential mode 35mW/drivertyp 

Single-ended mode 26mW/drivertyp 

■ Low current PNP inputs compatible with TTL, MOS and 
CMOS 
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Absolute Maximum Ratings (Note u 

Operating Conditions 



SupplyVoltage 

V cc 7V 

V EE - 7V 

Maximum Power Dissipation* at25°C 
Cavity Package 1509mW 

Molded Package 1476mW 

Input Voltage 15V 

Output Voltage(PowerOFF) ±15V 

Storage Temperature - 65°Cto + 150°C 

Lead Temperature (Soldering, lOseconds) 300°C 


Min 

Max 

Units 

Supply Voltage 
DS1692 

Vcc 4.5 

V EE -4.5 

DS3692 

V cc 4.75 

V EE -4.75 

Temperature (T A ) 

DS1692 -55 

5.5 

-5.5 

5.25 

-5.25 

+ 125 

6 < < < < 

‘Derate cavity package 10.1 mW/*C above 25‘C; derate molded package 
11.9 mW/°C above 25°C. 

DS3692 

c 


+ 70 

°c 

Electrical Characteristics dsi692/ds 3692 (Notes 

2, 3 and 4) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS1692, V cc = 

5V ± 10%, DS3692, V cc = 5V ± 5%, V EE CONNECTION TO GROUND, MODE SELECTS 0.8V 


V 0 

Differential Output Voltage 

R L = oo 

< 

z 

II 

ro 

< 

2.5 

3.6 


V 

Vo 

v a,b 

V| N = 0.8V 

-2.5 

-3.6 


V 

V T 

Differential Output Voltage 

r l =iooo 

V|n = 2V 

2 

2.6 


V 

V T 

v a,b 

V cc > 4.75V 

V IN = 0.8V 

-2 

-2.6 


V 

Vos. Vos 

Common-Mode Offset 
Voltage 

R L = ioon 


2.5 

3 

V 

< 

-1 

1 

3 

Difference in Differential 
Output Voltage 

r l = iooo 


0.05 

0.4 

V 

1 V 0S 1 - 1 V osl 

Difference in Common- 
Mode Offset Voltage 

R l = 100ft 


0.05 

0.4 

V 

v ss 

|v T -Wl 

R L = 100H, V cc > 4.75 V 

4.0 

4.8 


V 

! ox 

TRI-STATE Output Current 

V 0 < -10V 


-0.002 

-0.15 

mA 



V 0 > 15V 


0.002 

0.15 

mA 

>SA 

Output Short Circuit Current 

V, N = 2.4V 

> 

co 

II 

< 

o 

> 


80 

150 

mA 



< 

o 

03 

II 

o 

< 


-80 

-150 

mA 

IsB 

Output Short Circuit Current 

V| N = 0.4V 

< 

o 

> 

II 

o 

< 


-80 

-150 

mA 



< 

o 

CD 

II 

o 

< 


80 

150 

mA 

Icc 

Supply Current 




18 

30 

mA 

DS1692, V cc = 

5V ± 10%, V EE = - 5V ± 1 0%, DS3692, V cc = 5V ± 5%, V EE = - 5± 

5%, MODE SELECT< 0.8V 


Vo 

Differential Output Voltage 

R l = 00 

V, n = 2.4V 

7 

8.5 


V 

v 0 

V A,B 

V, N = 0.4V 

-7 

-8.5 


V 

V T 

Differential Output Voltage 

R l = 2000 

V,N = 2.4V 

6 



V 

V T 

Va,b 

V, n = 0.4V 

-6 

BM 


V 

< 

H 

1 

3 

Output Unbalance 

1 V C ct = I v ee 

R l = 200fi 


0.02 

0.4 

V 

( ox 

TRI-STATE Output Current 


v 0 = iov 


0.002 

0.15 

mA 




> 

o 

1 

II 

o 

> 


- 0.002 

-0.15 

mA 

ls + 

Output Short Circuit Current 

> 

o 

II 

o 

> 

V,N = 2.4V 


-80 

-150 

mA 

•s 

V, n = 0.4V 


80 

150 

mA 

IsLEW 

Slew Control Current 



±140 


aA 

•cc 

Positive Supply Current 

V| N = 0.4V, R l 

= OO , 


18 

30 

mA 

*EE 

Negative Supply Current 

V| N = 0.4V, R l 

= oo 


-10 

-22 

mA 
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Electrical Characteristics (Notes 2 and 3> v EE <ov 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V, H 

High Level Input Voltage 


2 



V 

V.L 

Low Level Input Voltage 




0.8 

V 

Hi 

High Level Input Current 

V|N = 2.4V 


1 

40 

aA 



V, N < 15V 


10 

100 

aA 

B5 

Low Level Input Current 

V|n = 0.4V 


-30 

-200 

aA 

v. 

Input Clamp Voltage 

I|N — — 12 m A 



-1.5 

V 

>XA 

Output Leakage Current 

Vcc = V EE = 0 

> 

ID 

II 

0 

> 


0.01 

0.15 

mA 

>xb 

Power OFF 

V 0 = -15V 


-0.01 

-0.15 

mA 


Switching Characteristics t a = 25 °c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V CC = 5V, MODE SELECT = 0.8V 

tr 

Differential Output Rise Time 

R|_ = 1000, Cl = 500 pF ( Figure 1) 


120 

200 

ns 

tf 

Differential Output Fall Time 

R l = 100n, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDH 

Output Propagation Delay 

R l = 100Q, Cl = 500 pF (Figure 1) 


120 

200 

ns 

tpDL 

Output Propagation Delay 

Rl= 100D, C E = 500 pF (Figure 1) 


120 

200 

ns 

tpZL 

TRI-STATE Delay 

R l = 1000, C L = 500 pF (Figure 2) 


180 

250 

ns 

tpZH 

TRI-STATE Delay 

R l = lOOfi, C L = 500 pF (Figure 2) 


180 

250 

ns 

tpLZ 

TRI-STATE Delay 

R L = 100D, C L = 500 pF (Figure 2) 


80 

150 

ns 

tpHZ 

TRI-STATE Delay 

R l = 1000, Cl = 500 pF (Figure 2) 


80 

150 

ns 

Vcc = 5V, V EE = - 5V, MODE SELECT = 0.8V 

tr 

Differential Output Rise Time 

R l = 2000, C L = 500 pF (Figure 1) 


190 

300 

ns 

tf 

Differential Output Fall Time 

R l = 2000, C L = 500 pF (Figure 1) 


190 

300 

ns 

tpDL 

Output' Propagation Delay 

R l = 2000, C L = 500 pF (Figure 1) 


190 

300 

ns 

tpDH 

Output Propagation Delay 

R l = 2000, C L = 500 pF (Figure 1) 


190 

300 

ns 

tpZL 

TRI-STATE Delay 

R l = 2000, Cl = 500 pF (Figure 2) 


180 

250 

ns 

tpZH 

TRI-STATE Delay 

R l = 2000, C L = 500 pF (Figure 2) 


180 

250 

ns 

tp|_z 

TRI-STATE Delay 

Rl = 2000, Cl = 500 pF (Figure 2) 


80 

150 

ns 

tpHZ 

TRI-STATE Delay 

R l = 2000, C L = 500 pF (Figure 2) 


80 

150 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics” provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the - 55”C to + 125“C temperature range for the DS1692 and across theCTC to + 70°C range 
for the DS3692. All typicals are given for Vcc = 5V and T A = 25°C. Vcc and V EE as listed in operating conditions. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Only one output at a time should be shorted. 
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TjWA National 
Jud Semiconductor 


Transmission Line 
Drivers/Receivers 

PRELIMINARY 


DS3695/DS3696/DS3697/DS3698 Differential 
TRI-STATE® Bus/Line Transceivers/Repeaters 


General Description 

The DS3695, DS3696, DS3697 and DS3698 are high speed 
differential TRI-STATE bus/line transceivers/repeaters de- 
signed to meet the requirements of EIA standard RS485 
with extended common mode range ( + 12V to -7V), for 
multipoint data transmission. 

The driver and receiver outputs feature TRI-STATE capabili- 
ty, for the driver outputs over the entire common mode 
range of +12V to — 7V. Bus contention or fault situations 
that cause excessive power dissipation within the device 
are handled by a thermal shutdown circuit, which forces the 
driver outputs into the high impedance state. The DS3696 
and DS3698 provide an output pin which reports the occur- 
rence of a line fault causing thermal shutdown of the device. 
This is an “open collector” pin with an internal 10 kft pull-up 
resistor. This allows the line fault outputs of several devices 
to be wire OR-ed. 

Both AC and DC specifications are guaranteed over the 0 to 
70°C temperature and 4.75V to 5.25V supply voltage range. 

TRI-STATE* Is a registered trademark of National Semiconductor Corp. 


Features 

■ Meets new EIA standard RS485(PN1488), for multipoint 
bus transmission. 

■ 15 ns driver propagation delays with 2 ns skew (typical). 

■ Single channel per package isolates faulty channels 
(from shutting down good channels). 

■ Single + 5V supply. 

■ — 7V to +12V bus common mode range permits ±7V 
ground difference between devices on the bus. 

■ Thermal shutdown protection. 

■ Power-up down glitch-free driver outputs permit live in- 
sertion or removal of transceivers. 

■ High impedance to bus with driver in TRI-STATE or 
with power off, over the entire common mode range al- 
lows the unused devices on the bus to be powered 
down. 

■ Line fault reporting capability on DS3696 and DS3698 
allows automated fault location and re-routing under 
processor control. 

■ 12 kfl Minimum receiver input impedance. 

■ 70 mV typical receiver hysteresis. 
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DS3695/96/97/98 


Absolute Maximum Ratings (Note i) 

Supply voltage, Vcc 7V 

Control input voltages 7V 

Driver input voltage 7V 

Driver output voltages +15V/-10V 

Receiver input voltages (DS3695, DS3696) + 15V/-10V 

Receiver common mode voltage (DS3697, DS3698) ± 25 V 
Receiver output voltage 5.5V 

Continuous power dissipation @70°C 780 mW 

Storage temperature range - 65°C to + 1 50°C 

Lead temperature (Soldering 10 seconds) 300°C 


Electrical Characteristics (Notes 2 and 3) - (O'C^Ta^ZO’C, 4.75V<Vcc< 5.25V unless otherw, se specified) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vodi 

Differential Driver Output 
Voltage (Unloaded) 

lo = 0 



5 

V 

V0D2 

Differential Driver Output 
Voltage (with Load) 

(Figure 1) 

1.5 

m 


V 

AVod 

Change in Magnitude of Driver 
Differential Output Voltage For 
Complementary Output States 

(Figure 1) 

■ 

■ 

0.2 

V 

Voc 

Driver Common Mode Output 
Voltage 

(Figure 1) 

. 

■ 

3.0 

V 

a|VocI 

Change in Magnitude of Driver 
Common Mode Output Voltage 
For Complementary Output 
States 

(Figure 1) 

■ 

■ 

0.2 

V 

V| H 

Input High Voltage 

Dl, DE, 
RE, E 


2 



mm 

V| L 

Input Low Voltage 




0.8 

S3 

VCL 

Input Clamp Voltage 

MBBammm 



-1.5 

V 

IlL 

Input Low Current 

V| L = 0.4V 



-360 

/nA 

IlH 

Input High Current 

V|h = 2.4V 



20 

fiA 

'OZD 

TRI-STATE OUTPUT Current 
for Driver 

v C c=ov 
or V<x = Max 

V 0 = 12V 



+ 1 

mA 

< 

°. 

1 

< 



-0.8 

mA 

V T H 

Differential Input Threshold 
Voltage for Receiver 

V OUT = VoL or Voh 
— 7V <; V C m ^ + 1 2V 

-0.2 


+ 0.2 

V 

aVth 

Receiver Input Hysteresis 

< 

o 

2 

II 

o 

< 


70 


mV 

V OH 

Receiver Output High Voltage 

Ioh = -400 y.A 




V 

V OL 

Output Low 
Voltage 

RO 

lOL^S mA 

■g 


0.5 

V 

LF 

Iol = 8 mA 



0.45 


'OZR 

OFF-State (High Impedance) 
Output Current at Receiver 

Vcc = Max 
0.4V <:V 0 £ 2.4V 


■ 

±20 

fiA 

Rin 

Receiver Input Resistance 

-7V^V C m^+12V 

12 



kil 

'cc 

Supply current 
(total package) 

No Load 

Driver outputs enabled 


40 


mA 

Driver outputs disabled 


23 


mA 

'OSD 

Driver Short-circuit 
Output current 

Output voltage = -7V 



-250 

mA 

Output voltage = + 12V 



-250 

mA 

'OSR 

Receiver short-circuit 
Output current 

< 

o 

ii 

o 

< 

— 15 


-85 

mA 


Note 1. "Absolute maximum ratings" are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should be 
operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2. All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise 
specified. 

Note 3. All typicals are given for Vcc = 5V and Ta = 25°C. 


Recommended Operating Conditions 



Min 

Max 

Units 

Supply voltage, Vcc 

4.75 

5.25 

V 

Bus voltage 

-7 

+ 12 

V 

Operating free air temperature T A 

0 

70 

°c 
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Switching Characteristics (4.75v^v C c^ 5 . 25 V; o°c<t a <7o°c) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Driver Input to Output 

Rlqiff - 6011 


15 


ns 

tPHL 

Driver Input to Output 

Cli = C L2 =100 pF 


15 


ns 

Skew 

Driver Output to Output 

(Figures 3 and 5) 


2 


ns 

tZH 

Driver Enable to Output High 

Cl = 100 pF (Figures 4 and 6) SI open 


33 


ns 

tZL 

Driver Enable to Output Low 

Cl = 100 pF (Figures 4 and 6) S2 open 


33 


ns 

tLZ 

Driver Disable Time from Low 

Cl = 15 pF (Figures 4 and 6) S2 Open 


33 


ns 

«HZ 

Driver Disable Time from High 

Cl = 1 5 pF (Figures 4 and 6) Si Open 


33 


ns 

tPLH 

Receiver Input to Output 

Cl = 15 pF (Figures 2 and 7) 


22 


ns 

tPHL 

Receiver Input to Output 

SI and S2 Closed 


22 


ns 

tZL 

Receiver Enable to Output Low 

Cl = 15 pF (Figures 2 and 8) S2 Open 


15 


ns 

tZH 

Receiver Enable to Output High 

Cl= 15 pF (Figures 2 and 8) SI Open 


15 


ns 

»LZ 

Receiver Disable from Low 

Cl = 1 5 pF (Figures 2 and 8) S2 Open 


12 


ns 

tHZ 

Receiver Disable from High 

Cl = 1 5 pF (Figures 2 and 8) SI Open 


12 


ns 


AC Test Circuits 




FIGURE 1. 


Note: SI and S2 of load circuit are closed 
except as otherwise mentioned. 

FIGURE 2. 



< 

L q 

< 

I -m 4 


’ Cn = toop( 


1 


FROM OUTPUT 
UNDER TEST 


rn 


■Vcc 


(INCLUDES PROBE *T X 
AND JIG 
CAPACITANCE] 


Note: Unless otherwise specified 
the switches are closed. 


1 


FIGURE 3. 


FIGURE 4. 
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Switching Time Waveforms 



FIGURE 5. Driver Propagation Delays 


TL/F/5272-9 



FIGURE 6. Driver Enable and Disable Times 


TL/F/5272-10 



Note: Differential input voltage may be realized by grounding Ri and pulsing Rl between + 2.5V and -2.5 V 

FIGURE 7. Receiver Propagation Delays tl/f/5272-ii 
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Function Tables 


DS3695/OS3696 Transmitting 


Inputs 

Line 

Condition 

Outputs 

RE 

DE 

Dl 

DO 

DO 

LF* (DS3696 Only) 

X 

1 

1 

No Fault 

0 

1 

H 

X 

1 

0 

No Fault 

1 

0 

H 

X 

0 

X 

X 

z 

z 

H 

X 

1 

X 

Fault 

z 

.. z - . 

L 


DS3695/DS3696 Receiving 


Inputs 

Outputs 

RE 

DE 

RI-RI 

RO 

LF* (DS3696 Only) 

0 

0 

^ +0.2V 

1 

H 

0 

0 

£ —0.2V 

0 

H 

0 

0 

Inputs Open 

1 

H 

1 

0 

X 

z 

H 


DS3697/DS3698 


Inputs 

Line 

Condition 

Outputs 

E 

RI-RI 

DO 

DO 

RO/DI (DS3697 Only) 

LF* (DS3698 Only) 

1 

S +0.2V 

No Fault 

0 

1 

1 

H 

1 

£ —0.2V 

No Fault 

1 

0 

0 

H 

0 

X 

X 

z 

z 

z 

H 

1 

S+0.2V 

Fault 

z 

z 

1 

L 

1 

S-0.2V 

Fault 

z 

z 

0 

L 


X — Don't care condition 
Z — High impedance state 

Fault — Improper line conditions causing excessive power dissipation in the driver, such as shorts or bus contention situations 
*LF is an "open collector" output with an on-chip 10 kfl pull-up resistor 


Typical Application 
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National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS55113/DS75113 Dual TRI-STATE® 
Differential Line Driver 

General Description Features 


The DS551 13/DS751 13 dual differentia! line drivers 
with TRI-STATE outputs are designed to provide all the 
features of the DS551 14/DS751 14 line drivers with the 
added feature of driver output controls. There are 
individual controls for each output pair, as well as a 
common control for both output pairs. When an output 
control is low, the associated output is in a high- 
impedance state and the output can neither drive nor 
load the bus. This permits many devices to be connected 
together on the same transmission line for party-line 
applications. 

The output stages are similar to TTL totem-pole outputs, 
but with the sink outputs, YS and ZS, and the corres- 
ponding active pull-up terminals, YP and ZP, available 
on adjacent package pins. 


■ Each circuit offers choice of open-collector or active 
pull-up (totem-pole) outputs 

■ Single 5V supply 

■ Differential line operation 

■ Dual channels 

■ TTL/LS compatibility 

■ High-impedance output state for party-line applica- 
tions 

■ Short-circuit protection 

■ High current outputs 

■ Single-ended or differential AND/NAND outputs 

■ Common and individual output controls 

■ Clamp diodes at inputs 

■ Easily adaptable to DS551 14/DS751 14 applications 



Truth Table 


Order Number DS55113J, DS75113J, or DS75113N 
See NS Package J16A or N16A 



H = high level 
L = low level 
X = irrelevant 
Z = high impedance (OFF) 

*B input and 4th line of truth 
table applicable only to 
driver number 1 
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Absolute Maximum Ratings (Noten 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage (V^c) (Note 1) 

7V 

Supply Voltage (Vqq) 




Input Voltage 

5.5V 

DS55113 

4.5 

5.5 

V 

OFF-State Voltage Applied to 


DS75113 

4.75 

5.25 

V 

Open-Collector Outputs 

12V 

High Level Output Current (Iqr) 


—40 

mA 

Maximum Power Dissipation* at 25 C 
Cavity Package 
Molded Package 

Operating Free-Air Temperature Range 
DS55113 

1433 mW 
1362 mW 

-55° C to +125°C 

Low Level Output Current (Iqi_) 
Operating Free-Air Tempera- 
ture (Ta) 

DS55113 

DS75113 

-55 

0 

40 

125 

70 

mA 

°C 

DS75113 

0°C to +70° C 


Storage Temperature Range 

Lead Temperature (1/16" from case for 

-65° C to +1 50° C 





60 seconds): J Package 
Lead Temperature (1/16" from case for 

300° C 





10 seconds): N Package 

260° C 





‘Derate cavity package 9.6 mW/°C above 25°C; derate molded 





package 10.9 mW/ C above 25 C (Note 2). 






Electrical Characteristics 

Over recommended operating free-air temperature range (unless otherwise noted) 



High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 


High Level Output Voltage 


Low Level Output Voltage 


Output Clamp Voltage 


OFF-State Open-Collector 
Output Current 


Vcc = Max, 

OFF-State (High-Impedance- Output Controls 
State) Output Current at 0.8V 


CONDITIONS (Note 3) 


VcC = Min, 1 1 = — 12 mA 


Vcc = Min, V|H = 2V, lOH = -10 mA 

V|L = 0.8V lQH = -40 mA 


Vcc = Min, V|H = 2V, V| L = 0.8V, Iql = 40 mA 


Vcc = Max, Iq = —40 mA 



VqH = 12V 


VqH = 5.25V 


T A = 25“ C 


T A = 125°C 


T A = 25° C 


T A = 70° C 


TA = 25‘ C, Vq = 0 to V cc 


V O = 0 


Vo = 0.4V 


Vq = 2.4V 


VQ = Vcc 


Input Current at 
Maximum Input 
Voltage 


High Level 
Input Current 


Low Level 
Input Current 


Short-Circuit Output 
Current (Note 5) 


Supply Current (Both 
Drivers) 


Vcc = Max, V| = 5.5V 


Vcc = Max, V| = 2.4V 


Vcc = Max, V| = 0.4V 


Vcc = Max, Vq = 0 


All Inputs at 0V, No Load, 
T A = 25°C 


V CC = Max 


V C C = 7V 


F DS55113 

DS75113 [ 

MIN 


MAX 

MIN 

TYP 
(Note 4) 

MAX 






2 



2 . 





■3 



Ell 


-0.9 

-1.5 


-0.9 

-1.5 

IBS 

mm 


mm 

mm 


2 

Eg 


2 

mm 



0.23 

0.4 


0.23 

0.4 


-1.1 

-1.5 


-1.1 



1 

10 






TAM 








1 

HEfl 






Bill 



ill 



BEI 






d 



BUM 



KEB 






WRSM 



mm 






1 

2 



1 

2 



m 



mm 



mmmm 


mm 



hum 


mm 





EETEE 

-40 

-90 

-120 

-40 

-90 

-120 


mm 

■bbk 

mm 

■a 


wm 

mmmm 

mm 

KB 






Note 1 : All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25°C free-air temperature, refer to Dissipation Derating Curves in the Thermal information section. 

Note 3: All parameters with the exception of OFF-state open-collector output current are measured with the active pull-up connected to the sink 
output. 

Note 4: All typical values are at Ta = 25°C and Vqc = 5V, with the exception of Iqc at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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DS55113/DS75113 


Switching Characteristics v cc = 5v. c L = 30 p f, t a = 25°c 


PARAMETER 

CONDITIONS 

Propagation Delay Time, Low-to- 

tPLH 

High-Level Output 

(Figure 1) 

Propagation Delay Time, High-to- 
Low-Level Output 

tPZH Output Enable Time to High Level 

R L = 1 80n, (Figure 2) 

tpzL Output Enable Time to Low Level 

R[_ = 250H. (Figure 3) 

Output Disable Time from High 
tPHZ , . 

Level 

R|_ = 1 80Q, (Figure 2) 

Output Disable Time from Low 
IPLZ . . 

Level 

R |_ = 250.Q, (Figure 3) 


13 30 


12 30 


20 


14 40 


10 30 


Schematic Diagram (One side shown only) 


COMMON OUTPUT (9) 
CONTROL CC — 
(COMMON TO BOTH SIOES) 


These components common to both drivers. 


Resistor values shown are typical and in ohms 
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I 


Typical Performance Characteristics* (Continued) 


Output Voltage vs Output 
Control Voltage 

6 
5 
4 
3 
2 
1 
0 

0 1 2 3 4 


RT 


■ 

■ 

■ 

■ 

R 

1 

33 

a 


I 

■ 

Hi 

m O 



7m 

7m 






■ 

ft 







B 

i 

1 





■ 

■ 

■ 

i 

1 

■ 

■ 

■ 

■ 


_ 

_ 



r 






V ( - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Output 
Control Voltage 


b 

■i 

■HR 


■ 

■ 

B 



IB 

IB 

■ > 

anas 

■ 

■ 

m 

Bi 

■ 

l|R 

■ 

m 

■ 

■ 

1 



■ 

■ 

■ 


1! 

I 

■ 

a 

■ 

■ 


■ 


■ 

■ 

I 

I 

D 

QBH 


0 12 3 4 

V| - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Output 
Control Voltage 


■ 

■ 

1 


■ 

■ 

n 

aa 

■ 



■ 

■ 

u 

n 

m 

■ 



■ 

■ 

1 

WM 

■ 


■ 

■ 

1 

IK 

B 




B 

LI 

\m 

■ 

■ 



0 12 3 4 

V| - INPUT VOLTAGE (OUTPUT CONTROL) (V) 


Output Voltage vs Free-Air 
Temperature 


High Level Output 
Voltage vs Output 
Current 


Low Level Output 
Voltage vs Output 
Current 



-75 -50 -25 0 25 50 75 100 125 

T a - FREE AIR TEMPERATURE ( 0 



l 0H - OUTPUT CURRENT (mA) 


l 0L - OUTPUT CURRENT (mA) 


Supply Current (Both 
Drivers) vs Supply Voltage 



0 1 2 3 4 5 6 7 8 


Supply Current (Both 
Drivers) vs Free-Air 
Temperature 



-75 -50 -25 0 25 50 75 100 125 


Supply Current (Both 
Drivers) vs Frequency 



0.1 0.4 1 4 10 40 100 


V CC -SUPPLY VOLTAGE (V) 


T A - FREE-AIR TEMPERATURE (X) 


I -FREQUENCY (MHz) 


S — 



z < 

O t— 



Propagation Delay Times 
from Data Inputs vs Free-Air 



-75 -50 -25 0 25 50 75 100 125 

T A - FREE-AIR TEMPERATURE ( C) 


Output Enable and Disable 
Times vs Free-Air Temperature 



-75 -50 -25 0 25 50 75 100 125 

T a - FREE-AIR TEMPERATURE ( 0 


Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS55113 
circuits only. These parameters were measured with the active pull-up connected to the sink output. 
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WM National 
Ju4 Semiconductor 


Transmission Line 
Drivers/Receivers 


DS55114/DS75114 Dual Differential Line Drivers 


General Description 

The DS551 14/DS751 14 dual differential line drivers are 
designed to provide differential output signals with high 
current capability for driving balanced lines, such as 
twisted pair at normal line impedances, without high 
power dissipation. The output stages are similar to TTL 
totem-pole outputs, but with the sink outputs, YS and 
ZS, and the corresponding active pull-up terminals, YP 
and ZP, available on adjacent package pins. Since the 
output stages provide TTL compatible output levels, 
these devices may also be used as TTL expanders or 
phase splitters. 


Features 

■ Each circuit offers choice of open-collector or active 
pull-up (totem-pole) outputs 

■ Single 5V supply 

■ Differential line operation 

■ Dual channels 

■ TTL/LS compatibility 

■ Design to be interchangeable with Fairchild 9614 
line drivers 

■ Short-circuit protection of outputs 

■ High current outputs 

■ Clamp diodes at inputs and outputs to terminate 
line transients 

■ Single-ended or differential AND/NAND outputs 

■ Triple inputs 
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Absolute Maximum Ratings <Notei> 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

7V 

Supply Voltage (Vcc) 




Input Voltage 

5.5V 

DS55114 

4.5 

5.5 

V 

OFF-State Voltage Applied to Open-Collector Outputs 12V 

DS75114 

4.75 

5.25 

V 

Maximum Power Dissipation* at 25° C 


High Level Output Current Ooh) 


-40 

mA 

Cavity Package 
Molded Package 

Operating Free-Air Temperature Range 

1433 mW 
1362 mW 

Low Level Output Current (Iql) 
Operating Free-Air Tempera- 
ture (T A ) 

DS55114 

DS75114 


40 

mA 

DS55114 

— 55°C to +125°C 

-55 

0 

125 

70 

°r 

DS75114 

0°C to +70° C 

0 P 

Storage Temperature Range 
Lead Temperature (1/16" from case 

-65° C to +1 50° C 





for 60 seconds): J Package 
Lead Temperature (1/16" from case 

300° C 





for 10 seconds): N Package 

260° C 





•Derate cavity package 9.6 mW/°C above 25°C; derate molded 





package 10.9 mW/°C above 25°C (Note 2). 






Electrical Characteristics 

Over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

V|H 

High Level Input Voltage 

VlL 

Low Level Input Voltage 

V|K 

Input Clamp Voltage 

VOH 

High Level Output Voltage 

VOL 

Low Level Output Voltage 

VOK 

Output Clamp Voltage 

'O(off) 

OFF-State Open-Collector 
Output Current 


Input Current at Maximum 

•l 

Input Voltage 

llH 

High Level Input Current 

IlL 

Low Level Input Current 

'OS 

Short-Circuit Output 
Current (Note 5) 

'CC 

Supply Current (Both 
Drivers) 


CONDITIONS (Note 3) 



| VCC = Min r h 

= -12mA 


Vcc = Min, V|H = 2V, 

'OH = —10 mA 

V| L = 0.8V 

'OH = -40 mA 

Vcc = Min, V|H = 2V, V|L = 0.8V, 
Iql = 40 mA 


= 40 mA, T A = 25° C 

Vcc = Max, 1 

3 = -40 mA, Ta 

25°C 

Vcc = Max 

V 0H = 12V 

T A = 25° C 

T A = 125°C 

VOH = 5.25V 

Ta = 25° C 


T A = 70° C 

Vcc = Max. V 

1 = 5.5V 


Vcc = Max, V 

1 = 2.4V 


Vcc = Max, V 

1 = 0.4V 


Vcc = Max, Vq = 0 


! DS55114 

DS75114 


MIN 

TYP 
(Note 4) 

MAX 

MIN 

S^Q|i 

MAX 

2 



2 





0.8 



0.8 


mm 

-1.5 


9 

-1.5 

mm 

mm 


mm 

B9 


2 



2 




0.2 

0.4 


0.2 

0.45 


6.1 

mm 


6.1 

6.5 


-1.1 



-1.1 

-1.5 


1 

— 






K51 








1 

■EB 






200 



i 



1 



40 



40 


-1.1 

-1.6 


-1.1 

-1.6 

-40 

-90 

-120 

-40 

-90 

-120 

!B 

37 

50 


37 

50 

47 

mm 

47 

70 



Inputs Grounded, No Load, 
TA= 25°C 


Note 1 : All voltage values are with respect to network ground terminal. 

Note 2: For operation above 25° C free-air temperature, refer to Dissipation Derating Curves in the Thermal Information section. 

Note 3: All parameters, with the exception of OFF-state open-collector output current, are measured with the active pull-up connected to the 
sink output. 

Note 4: All typical values are at Ta = 25° C and Vcc = 5V, with the exception of Ice at 7V. 

Note 5: Only one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Switching Characteristics v cc = sv, t a = 25 °c 


PARAMETER 

CONDITIONS 

'PLH Propagation Delay Time, 
Low-to-High-Level Output 

Cl = 30 pF, (Figure 1) 

Propagation Delay Time, 

tpHL 

High to-Low-Level Output 



15 

20 

11 

20 


MAX 


15 30 











































































































AC Test Circuit and Switching Time Waveforms 




Note 1 : The pulse generator has the following characteristics: Zq(jt = 50f2, t w = 100 ns, PRR = 500 kHz. 
Note 2: C|_ includes probe and jig capacitance. 

FIGURE 1 



Typical Performance Characteristics 


Output Voltage vs Data 
Input Voltage 


Output Voltage vs Data 
Input Voltage 


High Level Output Voltage 
vs Output Current 



V|- DATA INPUT VOLTAGE (V) 




■ 


■ 

■ 








■ 




n 


WtMmm 

■M 





■i 

in 

l 


1 

■ 

■ 

in 

in 

■ 


■ 

■ 

■ 

■n 

VI 

■ 

■ 

■ 



0 1 2 3 4 

V| - DATA INPUT VOLTAGE (V) 



0 -20 -40 -60 -80 -100 -120 

l 0H - OUTPUT CURRENT (mA) 


Low Level Output Voltage 
vs Output Current 


Output Voltage vs Free-Air 
Temperature 


Propagation Delay Times vs 
Free- Air Temperature 



0 10 20 30 40 50 60 70 80 

l 0L - OUTPUT CURRENT (mA) 


1 i 

Vpr = 4.5V 







n 

OH < 

1 1 





L-J — 



- 

— 

■ — 






— 

V 

OH <'0H “ - 40 

mA) 
























_v 

OL <• 

OL = 

40 mA) 



• 


-r-r- 




-75 -50 -25 0 25 50 75 100 125 

T A - FREE-AIR TEMPERATURE! C) 



-75 -50 -25 0 25 50 75 100 125 

T a - FREE-AIR TEMPERATURE ( 0 


*Data for temperatures below 0°C and above 70°C and for supply voltages below 4.75V and above 5.25V are applicable to DS551 14 circuits only. 
These parameters were measured with the active pull-up connected to the sink output. 


1-59 


DS55114/DS75114 









DS55114/DS75114 





1-60 



2 


National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS55115/DS75115 Dual Differential Line Receiver 


General Description 


The DS551 15/DS751 15 is adual differential line receiver 
designed to sense differential signals from data trans- 
mission lines. Designed for operation over military and 
commercial temperature ranges, the DS551 1 5/DS751 15 
can typically receive ±500 mV differential data with 
±15V common-mode noise. Outputs are open-collector 
and give TTL compatible signals which are a function of 
the polarity of the differential input signal. Active 
output pull-ups are also available, offering the option of 
an active TTL pull-up through an external connection. 


Response time may be controlled with the use of an 
external capacitor. Each channel may be independently 


controlled and optional input termination resistors 
are also available. 

Features 

■ Single 5V supply 

■ High common-mode voltage range 

■ Each channel individually strobed 

■ Independent response time control 

■ Uncommitted collector or active pull-up option 

■ TTL compatible output 

* Optional 1300 termination resistors 

■ Direct replacement for 9615 


Connection Diagram 


Function Table 


Dual-ln-Line Package 
2 2 RESP 

V CC 2YS 2YP STRB TIME CONT B2 2R T A2 
I 16 I 15 1 14 1 13 1 12 111 1 10 |g 


DIFF. 

STR0BE INPUT ° UTPUT 




1YS 1YP 1 1 RESP B1 1 Rj A1 

STRB TIME CONT 


H = V| > V|(-| min or V|q more posi- 
tive than Vjh max 
L = V | < V | [_ max or V| q more nega- 
tive than Vj(_ max 
X = irrelevant 


Order Number DS55115J, DS75115J or 
DS75115N 

See NS Package J16A or N16A 
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DS55115/DS75115 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage, Vcc (Note 1 ) 7V 

Input Voltage at A, B and Ry Inputs ±25V 

Input Voltage at Strobe Input 5.5V 

Off-State Voltage Applied to Open-Collector Outputs 14V 
Maximum Power Dissipation* at 2Ef C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Operating Free-Air Temperature Range 

DS55115 -55° C to +125°C- 

DS75115 0°C to +70°C 

Storage Temperature Range -€5°C to +150° C 

Lead Temperature (1/16 inch from case 

for 10 seconds) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 

Electrical Characteristics (Notes 2, 3 and 5) 


Supply Voltage, (Vcc) 

DS55115 

DS75115 

High Level Output Current, (Iqh) 
Low Level Output Current, (Iql) 
Operating Temperature, (T 
DS55115 
DS75115 


PARAMETER 

Vth 

Differential Input High- 
Threshold Voltage 

v T l 

Differential Input 
Low-Threshold Voltage 

V ICR 

Common-Mode Input 
Voltage Range 

VlH(STROBE) 

High-Level Strobe 
Input Voltage 

VlL(STROBE) 

Low-Level Strobe 
Input Voltage 

VOH 

High Level Output Voltage 

Vol 

Low Level Output Voltage 

IlL 

Low Level Input Current 

•SH 

High Level Strobe Current 

*SL 

Low Level Strobe Current 

'4. h2 

Response Time Control 
Current (Pin 4 or Pin 12) 

•O(OFF) 

Off-State Open-Collector 
Output Current 

Rt 

Line Terminating 
Resistance 

•os 

Short-Circuit Output 
Current 

•cc 

Supply Current (Both 
Receivers) 



Ta = Min 


T A = 25°C 


Ta = Max 


Vcc = Min, V|D = -0.5V, | Ta = 25°C 
VSTROBE = 4.5V 


V C C = Max, V|D = 0.5V, 
VSTROBE = 0.4V 


Vcc= Max, V|D = 0.5V, Ta - 25°C 
V RC = 0 


Vcc = Min, Voh = 1 2V, T A = 25°C 

V|D = — 4.5V TA = Max 


Vcc = Min, VoH = 5.25V, j T A = 25°C 
V|D = -4.75V 


130 

167 

-40 

-80 

32 

50 


Ta = Max 


Ta = 25°C 


T A = 25° C -15 -40 


Vcc = Max, Vo = 0V, 
V|D ~ —0.5V, (Note 4) 


Vcc = Max, V|D = 0.5V, 
V| C = 0V 


Note 1: "Absolute Maximum Ratings' are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS551 15 and across the 0°C to 
+70° C range for the DS75115. All typical values are for Ta = 25° C, Vcc = 5V and Vcm = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4. Only one output at a time should be shorted. 

Note 5: Unless otherwise noted, VgTROBE = 2.4V. All parameters with the exception of off-state open-collector output current are measured 
with the active pull-up connected to the sink output. 
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Switching Characteristics v C c = 5v, c L = 30 p f, t a = 25 °c 


PARAMETER 

CONDITIONS 

DS55115 | 

DS75115 | 

UNITS 





Kvm 


Propagation Delay Time, Low- 

tpiH 

to-High Level Output 

RL = 3.9 kf2, (Figure 1) 


18 

50 


18 

75 

ns 

Propagation Delay Time, High- 

tpHL 

to-Low Level Output 

R L = 3900, (Figure 1) 


20 

50 


20 

75 

ns 


Schematic Diagram 


v cc 


Rt 


RESPONSE 

TIME 

V CC STROBE CONTROL 


Vcc 



PULL-UP 

YP 


SINK 
, OUTPUT 
YS 


Typical Application 


COMMON TO 
BOTH RECEIVERS 


Basic Party-Line or Data-Bus Differential Data Transmission 
LOCATION 3 LOCATIONS 




DS75t13 DRIVER 


3 >- 


DS75115 RECEIVER 


*Zq is internal to the DS551 15/DS75115 

A capacitor may be connected in series with Zq to reduce power dissipation. 
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Typical Performance Characteristics {Note 3) 


Output Voltage vs 
Temperature 


V 0H < V ID = -0-5V, IQH ■ -5 mA)J 


, V 0 L < V I0 = 0-5V, IQL = 15 mA) 

, L i ± i-j 

-75 -50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE! 0 


Output Voltage vs Common-Mode 
Input Voltage 


NO LOAD 
T a * 25 C 

n 
— 1 







V cc = 5.5V 





7 

lr 


- 

w 

i 


1 HIM 1 v to = 1v 1111 

-25 -20 -15 -10 -5 0 5 10 15 20 25 

V iq - COMMON-MODE INPUT VOLTAGE (V) 


Output Voltage vs 
Differential Input Voltage 


V CC = 5V 
LOAD = 2k toV cc 



T a = 125 C 

f-f-H 

T A = 25'C<1 


- 0.2 - 0.1 0 0.1 0.2 
V| D - DIFFERENTIAL INPUT VOLTAGE (V) 
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Frequency Response Control 



Note. Cr (response control) > 0.01 pF may 
cause slowing of rise and fall times of the output. 


Frequency Response as a Function of 
Capacitance 



0.001 0.01 0.1 1 10 
C R - CAPACITANCE (pF) 


1 


AC Test Circuit and Switching Time Waveforms 


PULSE I I R | | is. 

GENERATOR • | -P 

(NOTED I 


L h 


J x ; 


TIME CONTROL — 


Note 1: The pulse generator has the following characteristics: ZquT = 50J2, PRR = 500 kHa/t w = 100 ns. 
Note 2: Cl includes probe and test fixture capacitance. 


DIFFERENTIAL / al 

INPUT Jvtov 

hi 10% 



FIGURE 1. Propagation Delay Times 


1-65 


DS55115/DS75115 




DS55121/DS75121 



National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS55121/DS75121 Dual Line Drivers 


General Description 

The DS55121/DS75121 are monolithic dual line 
drivers designed to drive long lengths of coaxial 
cable, strip line, or twisted pair transmission lines 
having impedances from 50 to 500 ohms. Both 
are compatible with standard TTL logic and 
supply voltage levels. 

The DS55121/DS751 21 will drive terminated low 
impedance lines due to the low-impedance emitter- 
follower outputs. In addition the outputs are 
uncommitted allowing two or more drivers to 
drive the same line. 

Output short-circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 


Features 

■ Designed for digital data transmission over 50 
to 500 ohms coaxial cable, strip line, or 
twisted pair transmission lines 

■ TTL compatible 

■ Open emitter-follower output structure for 
party-line operation 

■ Short-circuit protection 

■ AND-OR logic configuration 

■ High speed (max propagation delay time 20 ns) 

■ Plug-in replacement for the SN55121/SN75121 
and the 8T13 


Connection Diagram 

DuaMn-Line Package 



TOP VIEW 


Typical Performance 
Characteristics 

Output Current vs Output Voltage 

-300 

5 -250 
J 

5 -200 

cc 
cc 

3 -150 

1 “100 
o 

_o -50 
0 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
V 0 - OUTPUT VOLTAGE (V) 

Truth Table 



Order Number DS55121J, DS75121J or DS75121N 
See NS Package J16A or N16A 


A 

B 

INPUTS 
C D 

E 

F 

OUTPUT 

Y 

H 

H 

H 

H 

X 

X 

H 

x 

X 

X 

X 

H 

H 

H 

I All Othe 

Input Combi 

utions 

L 


H = high level, L = low level, X = irrelevant 


AC Test Circuit and Switching Time Waveforms 



Note 1: The pulse generators have the following characteristics: 
Zqut = 50$i, t w = 200 ns, duty cycle = 50%, t r a t f = 6.0 ns. 
Note 2: C L includes probe and jig capacitance. 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage, V^c 

6.0V 

Supply Voltage, Vcc 

4.75 

5.25 

V 

Input Voltage 

6.0V 

Temperature, T/\ 




Output Voltage 

6.0V 

DS55121 

-55 

+ 125 

°c 

Output Current 

Maximum Power Dissipation* at 25° C 

-75 mA 

DS75121 

0 

+75 

°c 

Cavity Package 

1371 mW 





Molded Package 

1280 mW 





Lead Temperature (Soldering, 10 seconds) 

300°C 






‘Derate cavity package 9.1 mW/°C above 25° C; derate molded 
package 10.2 mW/°C above 25° C. 


Electrical Characteristics 

V C c _ 4 

.75V to 5.25V (unless otherwise noted) 

(Notes 2 and 3) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V, H 

High Level Input Voltage 



2.0 



V 

V| L 

Low Level Input Voltage 





0.8 

V 

v, 

Input Clamp Voltage 


V cc = 5.0V, 1, =-12 mA 



-1.5 

V 

l| Input Current at Max Input Voltage 

V cc = 5.25V, V, N = 5.5V 



1 

mA 

VoH 

High Level Output Voltage 


V ih = 2.0V, l OH = -75 mA (Note 4) 

2.4 



V 

^ OH 

High Level Output Current 


V cc = 5.0V, V IH = 4.75V, V OH = 2.0V, 
T a = 25°C (Note 4) 

-100 


-250 

mA 

•oL 

Low Level Output Current 


V IL = 0.8V, V OL = 0.4V (Note 4) 



-800 

pA 

*0(OFF 

Off State Output Current 


V CC = 0V, V 0 = 3.0V 



500 

pA 

l| H 

High Level Input Current 


V, = 4.5V 



40 

juA 

BB 

Low Level Input Current 


V| = 0.4V 

-0.1 


-1.6 

mA 

Efi 

Short Circuit Output Current 

V cc = 5.0V, T a = 25°C 



-30 

mA 

■ 

Supply Current, Outputs High 

V cc = 5.25V, All Inputs at 2.0V, 
Outputs Open 

■ 


28 

mA 

B 

Supply Current, Outputs Low 

V c c = 5.25V, All Inputs at 0.8V, 
Outputs Open 



60 

mA 

Switching Characteristics 

V cc = 5.0V, T a = 25° C 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Propagation Delay Time, Low- 

R l = 37H, (See ac Test Circuit 

C L = 15 pF j 


11 

20 

ns 


to-High Level Output 

and Switching Time Waveforms) 



22 

50 

ns 

tpHL 

Propagation Delay Time, High- 

R l = 37f2, (See ac Test Circuit 



8.0 

20 

ns 


to-Low Level Output 

and Switching Time Waveforms) 



20 

50 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS55121 and across the 0°C to 
+70°C range for the DS75121. All typical values are for T A = 25° C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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DS55122/DS75122 



National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS55122/DS75122 Triple Line Receivers 


General Description 

The DS55122/DS75122 are triple line receivers 
designed for digital data transmission with line 
impedances from 500 to 5000. Each receiver has 
one input with built-in hysteresis which provides a 
large noise margin. The other inputs on each 
receiver are in a standard TTL configuration. The 
DS55122/DS75122 are compatible with standard 
TTL logic and supply voltage levels. 


Connection Diagram 


Features 

■ Built-in input threshold hysteresis 

■ High speed . . . typical propagation delay time 
20 ns 

■ Independent channel strobes 

■ Input gating increases application flexibility 

■ Single 5.0V supply operation 

■ Fanout to 10 series 54/74 standard loads 

■ Plug-in replacement for the SN55122/SN75122 
and the 8T14 

Truth Table 



Order Number DS55122J, DS75122J or DS75122N 
See NS Package J16A or N16A 


A 

INPUTS 
Bt R 

s 

OUTPUT 

Y 

H 

H 

X 

X 

L 

X 

X 

L 

H 

L 

L 

X 

H 

X 

H 

L 

X 

X 

L 

H 

X 

L 

H 

X 

H 

X 

L 

X 

L 

H 

H = high level, L = low level, X 

= irrelevant 


t B input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 


AC Test Circuit and Switching Time Waveforms 



Note 1: The pulse generator has the following characteristics: 
Zout 28 5012, t w = 200 ns. duty cycle * 50%, t r * t* = 5.0 ns. 
Note 2: C L includes probe and jig capacitance. 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


MAX UNITS 


Supply Voltage, Vcc 6,0V 

Input Voltage 

R Input 6.0V 

A, B, or S Input 5.5V 

Output Voltage 6.0V 

Output Current ±100 mA 

Maximum Power Dissipation* at 25“C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25''C. 


Supply Voltage, Vcc 

Operating Temperature, T^ 
DS55122 
DS75122 

High Level Output Current, 
'OH 

Low Level Output Current, 

'OL 


Electrical Characteristics V cc = 4.75V to 5.25V (unless otherwise noted) (Notes 2 and 3) 


PARAMETER 


High Level Input Voltage 


Low Level Input Voltage 


Hysteresis 


Input Clamp Voltage 


Input Current at Max Input Voltage 


High Level Output Voltage 


Low Level Output Voltage 


High Level Input Current 


Low Level Input Current 


Short Circuit Output Current 


Supply Current 


CONDITIONS 


A, B, R, or S 


A, B, R, or S 


V cc = 5.0V, T A = 25°C, R,(Note 6) 


V cc = 5.0V, I, = -12 mA, A, B, or S 


V cc = 5.25V, V IN = 5.5V, A, B, or S 

V i H = 2V, V, L = 0.8V, (Note 4) 

I 0 h = — 500pA V|( A j = 0V, V I(B) - 0V, 

V I(R) = 1 ,45V, Vks, = 2.0V, (Note 7) 


V,„ - 2.0V, V n = 0.8V, (Note 4) 


V„ A ) -ov, V I(BI ^ 0 V, 

V„ R) = 1.45V, V I(E1 = 2.0V, (Note 8) 


V, = 4.5V, A, B, or S 


V, = 3.8V, R 


V, = 0.4V, A, B, orS 


V cc = 5.0V, T A = 25' i C, (Note 5) 


V cc - 5.25V 



Switching Characteristics v cc = 5 ov, t a = 25 °c 


PARAMETER 

CONDITIONS 

tp LH Propagation Delay Time, Low-to-High 

Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 

t PHL Propagation Delay Time, High-to-Low 

Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 



TYP 

MAX 

20 

30 

20 1 

30 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2 : All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of — 55° C to +125 °C for DS55122 and 0 J C to +75°C for 
DS75122, unless otherwise specified. Typicals are for Vqq = 5.0V, T/^ = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, Vj+_ and the negative going input threshold voltage, Vj_. 
Note 7: Receiver input was at a high level immediately before being reduced to 1 ,45V. 

Note 8: Receiver input was at a low level immediately before being raised to 1 ,45V. 
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DS55122/DS75122 


Typical Performance Characteristics 


Output Voltage vs Receiver Input Voltage 



V, - INPUT VOLTAGE (V) 


Typical Applications 




V 0H 1 

OUTPUT 

V 0L * * 

The high gain and built-in hysteresis of the DS5S1 22/DS751 22 
line receivers enable them to be used as Schmitt triggers in 
squaring up pulses. 


Pulse Squaring 
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National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS75123 Dual Line Driver 

General Description 

The DS75123 is a monolithic dual line driver 
designed specifically to meet the I/O interface 
specifications for IBM System 360. It is com- 
patible with standard TTL logic and supply voltage 
levels. 


The low-impedance emitter-follower outputs of 
the DS75123 enable driving terminated low im- 
pedance lines. In addition the outputs are un- 
commited allowing two or more drivers to drive 
the same line. 

Output short-circuit protection is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 


Connection Diagram 

Dual-In-Line Package 

Vcc E2 E2 D2 C2 82 A2 Y2 

1 16 IlS 1 14 111 1 12 1 11 1 10 L 


Features 

■ Meet IBM System 360 I/O interface specifica- 
tions for digital data transmission over 50H to 
500f2 coaxial cable, strip line, or terminated 
pair transmission lines 

■ TTL compatible with single 5.0V supply 

■ 3.11V output at l OH = -59.3 mA 

■ Open emitter-follower output structure for 
party-line operation 

■ Short circuit protection 

■ AND-OR logic configuration 

■ Plug-in replacement for the SN75123 and the 
8T23 


Typical Performance 
Characteristics 

Output Current vs Output Voltage 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
V Q - OUTPUT VOLTAGE (V) 


Order Number DS75123J or DS75123N 
See NS Package J16A or N16A 


Truth Table 


A B C O E F 


| All Other Input Combinations j L j 

H ** high level, L = low level, X = irrelevant 


AC Test Circuit and Switching Time Waveforms 

3.0V V cc 

l ~ t 

, . r 1 

CE^ATcX- SH- j 

(NOTED ) >■ 1 • • Q OUTPUT 


L -- r- J 


50 (NOTE 2) 


OUTPUT 



Note 1: THE PULSE GENERATORS HAVE THE FOLLOWING CHARACTERISTICS 1 . Z 0 ut *- 50'. 2. 
tyy = 200 ns, DUTY CYCLE = 50%. 

Note 2: C L INCLUDES PROBE AND JIG CAPACITANCE. 
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DS75123 


Absolute Maximum Ratings (Noten Operating Conditions 


Supply Voltage, Vcc 

7.0 V 

Supply Voltage, Vcc 

MIN 

4.75 

MAX 

5.25 

UNITS 

V 

Input Voltage 

5.5V 

High Level Output Current, 


-100 

mA 

Output Voltage 

Maximum Power Dissipation* at 25°C 

7.0 V 

•oh 

Temperature, T A 

0 

+75 

°C 

Cavity Package 
Molded Package 

Operating Free-Air Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

. 1371 mW 
1280 mW 
0°C to +75° C 
-65° C to +150°C 
300° C 






•Derate cavity package 9.1 mW/°C above 25° C; derate molded 
package 10.2 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V, H 

High Level Input Voltage 


2.0 



V 

V| L 

Low Level Input Voltage 




0.8 

V 

v , 

Input Clamp Voltage 

V cc = 5.0V, 1, =-12 mA 



-1.5 

V 

1 , Input Current at Max Input Voltage 

V cc = 5.25V, V 1N = 5.5V 



1 

mA 

VoH 

High Level Output Voltage 

V cc = 5.0V, V ih = 2.0V, 

T a = 25°C 

3.11 



V 



l OH = -59.3 mA, (Note 4) 

T A = 0’C to +75°C 

2.9 



V 

•oh 

High Level Output Current 

V cc = 5.0V, V IH = 4.5V, T a 
V OH = 2.0V, (Note 4) 

= 25°C, 

-100 

■ 

-250 

mA 

< 

0 

r 

Low Level Output Voltage 

V il = 0.8V, l OL = -240pA, (Note 4) 



0.15 

V 

•o(OFF) 

Off State Output Current 

V cc = 0, V 0 = 3.0V 



40 

PA 

>IH 

High Level Input Current 

V, = 4.5V 



40 

PA 


Low Level Input Current 

V, = 0.4 V 

- 0.1 


- 1.6 

mA 


Short Circuit Output Current 

V cc = 5,0V, T a = 25°C 



-30 

• mA 


Supply Current, Outputs High 

Vcc = 5.25V, All Inputs at 2.0V, Outputs Open 



28 

mA 


Supply Current, Outputs Low 

Vcc = 5.25V, All Inputs at 0.8V, Outputs Open 



60 

mA 


Switching Characteristics v cc = s.ov. t a = 25 °c 


PARAMETER 

I CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t PLH Propagation Delay Time, Low- 

to-High Level Output 

R l = 50S2, (See ac Test Circuit 
and Switching Time Waveforms 

C L = 15 pF 


12 

20 

ns 



20 

35 

ns 

t PHL Propagation Delay Time, High- 

to-Low Level Output 

R L = 50f2, (See ac Test Circuit 
and Switching Time Waveforms 

C L = 15 pF 


12 

20 

ns 

C L = 100 pF 


15 

25 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75° C for DS75123, unless otherwise specified. Typi- 
cals are for V<^c = 5.0V, T A = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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iPS National 
JZA Semiconductor 


Transmission Line 
Drivers/Receivers 


DS75124 Triple Line Receiver 


General Description 

The DS75124 is designed to meet the input/ 
output interface specifications for IBM System 
360. It has built-in hysteresis on one input on 
each of the three receivers to provide large noise 
margin. The other inputs on each receiver are in 
a standard TTL configuration. The DS75124 is 
compatible with standard TTL logic and supply 
voltage levels. 


Features 

■ Built-in input threshold hysteresis 

■ High speed . . typ propagation delay time 20 ns 

■ Independent channel strobes 

■ Input gating increases application flexibility 

■ Single 5.0V supply operation 

■ Plug-in replacement for the SN75124 and the 
8T24 


Connection Diagram and Truth Table 


□ual-ln-Line Package 


Vcc SI R1 Yt A3 S3 R3 Y3 
1 15 1 15 1 1 4 1 13 1 12 111 1 10 L 



A1 B1 R2 S2 A2 B2 Y2 GND 


H = high level, L = low level, X = irrelevant 
input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 


Order Number DS75124J or DS75124N 
See NS Package J16A or N16A 


Typical Application 
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DS75124 


Absolute Maximum Ratings 

(Note 1) 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage, V^q 

7.0 V 

Supply Voltage, Vcc 

4.75 

5.25 

V 

Input Voltage 


High Level Output Current, 


-800 

mA 

R Input with Vcq Applied 

7.0V 

'OH 




R Input with Vcc not Applied 

6.0V 

Low Level Output Current, 


16 

mA 

A, B, or S Input 

5.5V 

>OL 




Output Voltage 

7.0 V 

Operating Temperature, T/\ 

0 

+75 

°C 


Output Current ±100 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Operating Temperature Range 0°C to +75°C 

Storage Temperature Range -65° C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate cavity package 9.6 mW/°C above 25° C; derate molded 
package 10.9 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

High Level Input Voltage 

A, B, or S 

2.0 



V 



R 

1.7 



V 

V,L 

Low Level Input Voltage 

A, B, or S 



0.8 

V 



R 



0.7 

V 

H 

> 

1 

p 

> 

Hysteresis 

< 

o 

o 

5.0V. T a = 25°C, R, (Note 6) 

0.2 

0.4 


V 

v, 

Input Clamp Voltage 

< 

n 

n 

5.0V, 1, = -12 mA, A, B, or S 



-1.5 

v. 

1, 

Input Current at Maximum 

Vcc - 

5.25V, V !N = 5.5V, A, B, or S 



1 

mA 


Input Voltage 

R 

V, = 7.0V 



5.0 

mA 



V, = 6.0V, V cc = 0 



5.0 

mA 

V OH 

High Level Output Voltage 

Vih = Vihmin. V| L - V| LMAX , l 0H - 800pA, 
(Note 4) 

2.6 

■ 


V 

Vql 

Low Level Output Voltage 

V |H = ' 

1 

Vinmin..V, l -V| LMA x,l OL = 16 mA, (Note 4) 



0.4 

V 

mmm 

High Level Input Current 

V, = 4.5V, A, B,orS 



40 

pA 

H 


V, = 3.11V, R 



170 

P A 


Low Level Input Current 

V, = 0.4V, A. B, or S 

-0.1 


-1.6 

mA 

ESI 

Short Circuit Output Current 

< 

o 

o 

II 

5.0V, T a = 25°C, (Note 5) 

-50 


-100 

mA 

Icc 

Supply Current 

< 

o 

o 

5.25V 



72 

mA 


Switching Characteristics = 25°C, nominal power supplies unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IpLH 

Propagation Delay Time, Low-to-High 
Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 


20 

30 

ns 

tpHL 

Propagation Delay Time, High-to-Low 
Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 


20 

30 

ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 
Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75124, unless otherwise specified. Typi- 
cals are for Vqq = 5.0V, T/\ = 25°C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, V j+, and the negative going input threshold voltage, V-p_- 
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AC Test Circuit and Switching Time Waveforms 


Vcc 2.6V 



Note 1 : THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: Z ou t = 50!!, t w = 2D0 ns, 
DUTY CYCLE = 50"/.. 

Note 2: C L INCLUDES PROBE ANO JIG CAPACITANCE. 



Typical Performance Characteristics 


Output Voltage vs 
Receiver Input Voltage 



V ( - INPUT VOLTAGE (V) 
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DS75125, DS75127 



National 
Semiconductor 


Transmission Line 
Drivers/Receivers 


DS75125, DS75127 Seven-Channel Line Receivers 


General Description 

The DS75125 and DS75127 are monolithic seven-channel 
line receivers designed to satisfy the requirements of the 
IBM System 360/370 input/output interface specifica- 
tions. Special low-power design and Schottky clamped 
transistors allow for low supply current requirements 
while maintaining fast switching speeds and high current 
TTL outputs. The DS75125 and DS75127 are character- 
ized for operation from 0 °C to 70 °C. 


Features 

■ Meets IBM 360/370 I/O specification 

■ Input resistance — 7 k 0 to 20 kO 

■ Output compatible with TTL 

■ Schottky-clamped transistors 

■ Operates from single 5V supply 

■ High speed — low propagation delay 

■ Ratio specification for propagation delay time, low-to- 
high/high-to-low 

■ Seven channels in one 16-pin package 

■ Standard V cc and ground positioning on DS75127 


Connection Diagrams 


DS75125 

Dual-ln-Line Package 


1Y V CC 3Y 4Y SY 6Y 7Y 2Y 


16 IB 

1 

14 

13 

12 

ii 

10 9 

1 

1 am 

!■ 

w 

w 


w 

- 


i 

2 

3 

4 

s 

6 

7 8 


1A 2A 3A 4A 5A 6A 7A GND 
TOP VIEW 

logic: Y= A 

Order Number DS75125J or DS75125N 
See NS Package J16A or N16A 


DS75127 

Dual-ln-Line Package 

Vcc IY 2Y 3Y 4Y 6Y BY 7Y 



logic: Y= A 

Order Number DS75127J or DS75127N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note i) Recommended Operating Conditions 

Min Typ Max Units 

Supply Voltage, V C c(Note1) 7V Supply Voltage, V cc 4.5 5 5.5 V 

Input Voltage Range High-Level Output Current, l 0H -0.4 mA 

DS75125 -0.15V to 7V Low-Level Output Current, l 0L 16 mA 

DS75127 -2Vto7V „ _ , „ 0L „ „ 

. „„„„ Operating Free-Air Temperature, T« 0 70 C 

Maximum Power Dissipation at 25 C A 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Operating Free-Air Temperature Range 0“C to 70°C 

Storage Temperature Range -65°Cto 150°C 

LeadTemperature(Soldering, lOseconds) 300°C 

"Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
1 1 .9 mW/°C above 25°C. 

Electrical Characteristics over recommended operating free-air temperature range (Note 3) 

Parameter 

Conditions 

Min 

Typ 

(Note 5) 

Max 

Units 

V m High-Level Input Voltage 


1.7 



V 

V, L Low-Level Input Voltage 



0.7 

V 

V 0 h High-Level Output Voltage 

V CC = 4.5V, V,l = 0.7V, l 0H = -0.4 mA 

a 

3.1 


V 

V OL Low-Level Output Voltage 

Vcc = 4.5V, V, H = 1.7V, l 0L = 16 mA 


0.4 

0.5 

V 

Iih High-Level Input Current 

V cc = 5.5V, V, = 3.1 IV 


0.3 

0.42 

mA 

I|L Low-Level Input Current 

V CC = 5.5V, V, = 0.15V 



-0.24 

mA 

l os Short-Circuit Output Current (Note 4) 

Vcc = 5-5V, V o = 0 

-18 


-60 

mA 

R Input Resistance 

Vcc = 4.5V, 0V, or Open, 
AV, = 0.15V to 4.15V 

m 


20 

kO 

l cc Supply Current 

V cc = 5.5V, 'oh= -0-4 mA, 
All Inputs at 0.7V 

m 

15 

25 

mA 

V cc = 5.5V, l ou = 16 mA, 
All Inputs at 4V 

■ 

28 

47 

mA 

Switching Characteristics v cc =5v,t a =25°c 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH Propagation Delay Time, Low-to-High-Level Output 

R L = 4000, C L = 50 pF, 
See Figure 1 

7 

14 

25 

ns 

tpHL Propagation Delay Time, High-to-Low-Level Output 

10 

18 

30 

ns 

^plh Ratio of Propagation Delay Times 
tpHL 

0.5 

0.8- 

1.3 

ns 

t T Lpi Transition Time, Low-to-High-Level Output 

1 

7 

12 

ns 

t THL Transition Time, High-to-Low-Level Output 

1 

3 

12 

■ ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: For operation above 25°C free-air temperature, refer to Thermal Ratings for ICs in Section 12 of Interface Databook. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at a time. 

Note 5: All typical values are at Vcc = 5V, T A = 25°C. 
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DS75125, DS75127 


Schematic (each receiver) 



AC Test Circuit and Switching Time Waveforms 


v cc 




Note 1: The pulse generator has the following characteristics: Zout = 508> PRR = 5 MHz. 
Note 2: C L includes probe and jig capacitance. 

Note 3: All diodes are 1N3064 or equivalent. 


FIGURE 1 
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Typical Performance Characteristics 


Voltage Transfer 
Characteristics 


Vc 

c = 

sn 

"NC 

LOAD j 










- 















r; 


Voltage Transfer 
Characteristics 



Input Current vs 
Input Voltage 


Vcc = 5V 

NO LOAD . 






* 

Ta 





/ 

/ 







u 









r 







/ 

/ 



_j 




A 








A 








7 










V| - INPUT VOLTAGE (V) 


V ( - INPUT VOLTAGE (V) 


V, - INPUT VOLTAGE (V) 


Low-Level Output Voltage 
vs Output Current 


Vcc - 5V 
V| = 5V 



ta = 25 1 












' 









Supply Current vs 
Supply Voltage 


ALL SEVEN CHANNELS 
NO LOAD / 

T A = 25°C 

1 1 ALL INPUTS 




AT 4V/ 

1 / 

1 1 

1 ALL INPUTS / 

N 

\L 


AT 0.7ViT- 

L_L U 

7^ 




_ 




In - OUTPUT CURRENT (in A) 


V cc - SUPPLY VOLTAGE (V) 
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DS75128, DS75129 


National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS75128, DS75129 Eight-Channel Line Receivers 
General Description Features 


The DS75128 and DS75129 are eight-channel line 
receivers designed to satisfy the requirements of the 
input-output interface specification for IBM 360/370. 
Both devices feature common strobes for each group of 
four receivers. The DS751 28 has an active-high strobe; the 
DS75129 has an active-low strobe. Special low-power 
design and Schottky-diode-clamped transistors allow 
low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. The 
DS75128 and DS75129 are characterized for operation 
from 0°C to 70 °C. 


■ Meets IBM 360/370 I/O specification 

■ Input resistance — 7 kO to 20 kO 

■ Output compatible with TTL 

■ Schottky-clamped transistors 

■ Operates from a single 5V supply 

■ High speed — low propagation delay 

■ Ratio specification — t PLH /t PHL 

■ Common strobe for each group of four receivers 

■ DS75128 strobe — active-high 
DS75129 strobe — active-low 


Connection Diagrams 


DS75128 

Dual-In-Line Package 

V CC 1Y 2Y 3Y 4Y 5Y 6Y 7Y 8Y 2S 



IS 1 A 2A 3A 4A 5A 6A 7A 8A GND 
TOP VIEW 


positive logic: Y = AS 


DS75129 

Dual-In-Line Package 

V CC 1Y 2Y 3Y 4Y 5Y 6Y 7Y 8Y 2S 



IS 1 A 2A 3A 4A 5A 6A 7A 8A GND 


TOP VIEW 

positive logic: Y = AS 


Order Number DS75128J or DS75128N 
See NS Package J20A or N20A 


Order Number DS75129J or DS75129N 
See NS Package J20A or N20A 
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Absolute Maximum Ratings over operating 

free-air temperature range (unless otherwise noted) 

Supply Voltage, Vcc (Note 1) 7V 

A Input Voltage Range -0,15V to 7V 

Strobe Input Voltage 7 V 

Maximum Power Dissipation' at 25”C 
CavityPackage 1564mW 

Molded Package 1687 mW 

Operating Free-Air Temperature Range 0 °C to 70 °C 

Storage Temperature Range - 65 °C to 1 50 'C 

Lead Temperature 300 °C 

1/16 inch from Case for 60 Seconds: J Package 
Lead Temperature 260°C 

1/16 Inch from Case for 10 Seconds: N Package 

* Derate cavity package 10.4 mW/'C above 25'C; derate molded package 
13.5 mW/*C above 25°C. 


Recommended Operating Conditions 



Min 

Typ 

Max 

Units 

Supply Voltage, V cc 

4.5 

5.0 

5.5 

V 

High-Level Output Current, l 0H 



-0.4 

mA 

Low-Level Output Current, l 0 |_ 



16 

mA 

Operating Free-Air Temperature, T A 

0 


70 

°C 


Electrical Characteristics over recommended operating free-air temperature range (Note 3) 


Conditions 


V| H High-Level Input Voltage 


V| L Low-Level Input Voltage 


V 0H High-Level Output Voltage 


V OL Low-Level Output Voltage 





t/i Input Clamp Voltage 

S 


l— J i fi h . 1 nwA 1 Inni it f' 1 1 rro n f 

□ 

IH 

myn Level iiipui ouriciii 

□ 



w. 

IL 

Low-Level Input Current 

\m 

! OS 

Short-Circuit Output Current 
(Note 4) 

r i Input Resistance 


V cc = 4.5V, V,l = 0.7V, I oh = -0.4 mA 


V C c = 4.5V, V| H = 1.7V, i ol = 16 mA 


V cc = 4-5V, I, = — 18 mA 


V cc -5.5V, V| = 3.1 IV 


V cc = 5-5V, V| = 2.7V 



l C c Supply Current 


V CC = 4.5V, 0V, or Open, AV, = 0.15V to 4.15V 


DS75128 V CC =5.5V, Strobe at 2.4V, All A Inputs at 0.7V 


DS75129 V CC = 5.5V, Strobe at 0.4V, All A Inputs at 0.7V 


DS75128 V cc = 5.5V, Strobe at 2.4V, All A Inputs at 4V 


DS75129 | V C c = 5.5V, Strobe at 0.4V, All A Inputs at 4V 


Switching Characteristics v cc = sv, t a = 25 °c 


Parameter 

Conditions 

tpLH Propagation Delay Time, Low-to-High-Level Output 

fl 

| R L = 400fi, 

II 

tpHL Propagation Delay Time, High-to-Low-Level Output 

tpLH Propagation Delay Time, Low-to-High-Level Output 

1 

tpHL Propagation Delay Time, High-to-Low-Level Output 

C L = 50pF, 

l PLH 

. Ratio of Propagation Delay Times 

l PHL 

a 

t T LH Transition Time, Low-to-High-Level Output 

See Figure 1 

t THL Transition Time, High-to-Low-Level output 



0.5 0.8 1.3 0.5 0.8 1.3 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for 
actual device operation. 

Note 2: For operation above 25 °C free-air temperature, refer to Thermal Ratings for ICs, Section 12, Interface Databook. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output should be shorted at a time. 

Note 5: All typical values are at Vcc = 5V, T A = 25°C. 



DS75128 DS75129 


Min Typ Max Min Typ Max 


BB 

25 


25 

ns 

10 18 

30 

10 18 

30 

ns 

26 

40 

20 

35 

ns 

22 

35 

16 

30 

ns 
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DS75128, DS75129 


Schematic Diagram (each receiver) 



OTHER TO SEVEN 

CHANNELS OTHER CHANNELS 

AC Test Circuit and Switching Time Waveforms 



Note 1: Input pulses are supplied by a generator having the following characteristics: ZQ = 50fl, PRR = 5 MHz. 
Note 2: Includes probe and jig capacitance. 

Note 3: All diodes are 1N3064 or equivalent. 

Note 4: The strobe inputs of DS75129 are in-phase with the output. 

Note 5: = 0.7V and V R £ F2 = 1.7V for testing data (A) inputs, V RFF1 = V REF2 = 1,3V * or strobe inputs. 

FIGURE 1 
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- INPUT CURRENT (mA) Vn - OUTPUT VOLTAGE (V) 


Typical Characteristics 


Voltage Transfer Characteristics Voltage Transfer Characteristics 

From A Inputs From A Inputs 
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DS75150 


National 
Semiconductor 

DS75150 Dual Line Driver 

General Description 

The DS75150 is a dual monolithic line driver designed 
to satisfy the requirements of the standard interface 
between data terminal equipment and data communica- 
tion equipment as defined by EIA Standard RS-232-C. 
A rate of 20,000 bits per second can be transmitted with 
a full 2500 pF load. Other applications are in data- 
transmission systems using relatively short single lines, 
in level translators, and for driving MOS devices. The 
logic input is compatible with most TTL and LS fam- 
ilies. Operation is from —12V and +12V power supplies. 


Transmission Line 
Drivers/Receivers 


Features 

■ Withstands sustained output short-circuit to any 
low impedance voltage between -25V and +25V 

■ 2/rs max transition time through the -3V to +3V 
transition region under full 2500 pF load 

■ Inputs compatible with most TTL and LS families 

■ Common strobe input 

■ Inverting output 

■ Slew rate can be controlled with an external capacitor 
at the output 

■ Standard supply voltages ±12V 



Schematic and Connection Diagrams 



Dual-ln-Line Package 


♦V cc 1Y 2Y -Vcc 



STROBE INPUT INPUT GND 


TOP VIEW 
Positive Logic Y * 43 

Order Number DS75150J-8 or DS75150N 
See NS Package J08A or N08A 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage +Vcc 15V 

Supply Voltage -Vcc -15V 

Input Voltage 15V 

Applied Output Voltage ±25V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1133 mW 

Molded Package 1022 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

•Derate cavity package 7.6 mW/°C above 25°C; derate molded 

package 8.2 mW/°C above 25°C. 


DC Electrical Characteristics (Notes 2, 3, 4 and 5) 



MUM 

MAX 

UNITS 

Supply Voltage (+Vqq) 

10.8 

13.2 

V 

Supply Voltage (-Vcc) 

-10.8 

-13.2 

V 

Input Voltage (Vj) 

0 

+5.5 

V 

Output Voltage (Vq) 


±15 

V 

Operating Ambient Temperature 
Range (T^) 

0 

+70 

°c 


PARAMETER 


V m High-Level Input Voltage 


V| L Low-Level Input Voltage 


Vqh High-Level Output Voltage 


V OL Low-Level Output Voltage 


IH High-Level Input Current 


Low-Level Input Current 


os Short-Circuit Output Current 


+I CCH Supply Current From +V CC , 
High-Level Output 


-I C ch Supply Current From ~V CC , 
High-Level Output 


+I C cl Supply Current From +V CC , 
Low-Level Output 


-l CCL Supply Current From -V cc , 
Low-Level Output 


CONDITIONS 


(Figure 1) 


(Figure 2) 


+V CC = 10.8V, -V cc = -13.2V, V|L = 0.8V, 
R L = 3 kft to 7 k£2, (Figure 2) 


+V CC = 10.8V, -V cc = -10.8V, V| H = 2 V, 
R l = 3 kO to 7 ka (Figure 1) 


+V CC = 13.2V, -V cc = -13.2V, Data Input 
V, = 2.4V, (Figure 3) 


+V CC = 13.2V,-V CC = -13.2V, Strobe Input 
V, = 2.4V, (Figure 3) 


+V CC = 13.2V, ~V CC = -13.2V, Data Input 
V, = 0.4V, (Figure 3) 


+V CC = 13.2V, -V cc = -13.2V, Strobe Input 
V, = 0.4V, (Figure 3) 


MIN TYP MAX UNITS 


+V CC = 13.2 V, -V cc = -13.2V, 
(Figure 4), Note 4 


V 0 = -25V 


V 0 = 0V, V, = 3V 


V 0 = 0V, V | = 0V 


+V CC = 13.2V, -V cc = -13.2V, V, = 0V, 
R L = 3 kft, T a = 25° C, (Figure 5) 


+V CC = 13.2V, -V cc = -13.2V, V, = 0V, 
R L = 3 kJ2, T A = 25°C, (Figure 5) 


+V CC = 13.2V, -V cc = -13.2V, V, =3V, 
R L = 3 kS2, T A = 25°C, (Figure 5) 


+V CC = 13.2V, -V cc = -13.2V, V | = 3V, 
R L = 3 kfi, T A = 25°C, (Figure 5) 



Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75150. All typical values are for T^ = 25°C 
and +Vqq = 12V, — Vqq = —12V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when -5V is the maximum, the typical value is a more-negative voltage. 
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DS75150 


AC Electrical Characteristics (+v cc = i2v,-v cc =-i 2 v,t a = 25 °c> 


PARAMETER 

t"TLH 

Transition Time, Low-to-High 
Level Output 

1th l 

Transition Time, High-to-Low 
Level Output 

tTLH 

Transition Time, Low-to-High 
Level Output 

^THL 

Transition Time, High-to-Low 
Level Output 

tPLH 

Propagation Delay Time, 
Low-to-High Level Output 

tPH L 

Propagation Delay Time, 
High-to-Low Level Output 


CONDITIONS 


(Figure 6) 


C L = 2500 
(Figure 6) 


= 15pF, R l = 7 kf2, (Figure 6) 


DC Test Circuits 


♦v cc -V C c 

?E > ±lin 

i i i 


FIGURE 1. V |H , V 0L 


♦Vcc " V CC 


u_ I~ J r 

Each input is tested separately- 

FIGURE 2. V||_, Vqh 


MIN TYP MAX UNITS 




+ Vcc . . -Vcc 

it--* 


L -I- J 


FIGURE 3. I| H , 1 1 l 


3V *V CC 




L - I - J r 


FIGURE 4. l os 

AC Test Circuit and 
Switching Time Waveforms 


PULSE 

r 

(SEE NOTED 

L_ 


+ V CC -V CC 


T ”"^C L 

<SEE NOTE 2) 



FIGURE 5. ICCH+' ■CCH— l CCL+* l CCL- 

Typical Performance Characteristics 


Output Current vs 
Applied Output Voltage 


| + Vcc “ 

12V j 

v CC - 
| T a = 25°C 

T 



/ 



3 










V 


vT 

2.4V 

7 





rx 












L- 

~r 

= 
L = 

k 









L 





-25 -15 -5 0 5 15 25 

V 0 - APPLIED OUTPUT VOLTAGE (V) 


Note 1: The pulse generator has the following characteristics: duty cycle <, 50%, Zo UT =s 5(}n. 
Note 2: C L includes probe and jig capacitance. 
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pg National 
4KM Semiconductor 


Transmission Line 
Drivers/Receivers 


DS75154 Quad Line Receiver 

General Description 

The DS75154 is a quad monolithic line receiver 
designed to satisfy the requirements of the standard 
interface between data terminal equipment and data 
communication equipment as defined by EIA Standard 
RS-232C. Other applications are in relatively short, 
single-line, point-to-point data transmission systems and 
for level translators. Operation is normally from a single 
5V supply; however, a built-in option allows operation 
from a 12V supply without the use of additional com- 
ponents. The output is compatible with most TTL and 
LS circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the V CC1 terminal, pin 15, even if power is 
being supplied via the alternate V CC2 terminal, pin 16.,. 
This provides a wide hysteresis loop which is the differ- 
ence between the positive-going and negative-going 
threshold voltages. In this mode, if the input voltage 
goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 

For fail-safe operation, the threshold-control terminals 
are open. This reduces the hysteresis loop by causing 


the negative-going threshold voltage to be above zero. 
The positive-going threshold voltage remains above zero 
as it is unaffected by the disposition of the threshold 
terminals. In the fail-safe mode, if the input voltage goes 
to zero or an open-circuit condition, the output will go 
to the high level regardless of the previous input condi- 


Features 

■ Input resistance, 3 k£2 to 7 kfi over full RS-232C 
voltage range 

■ Input threshold adjustable to meet "fail-safe" require- 
ments without using external components 

■ Inverting output compatible with TTL or LS 

■ Built-in hysteresis for increased noise immunity 

■ Output with active pull-up for symmetrical switching 
speeds 

■ Standard supply voltage— 5V or 12V 
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DS75154 


Absolute Maximum Ratings (Noten 

Operating Conditions 







MIN MAX UNITS 

Normal Supply Voltage (Pin 15), (Vcci) 7V 

Alternate Supply Voltage (Pin 16),(Vcc2' 14V 

Input Voltage +25V 

Storage Temperature Range -65° C to+150°C 

Maximum Power Dissipation* at 25° C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 

Supply Voltage (Pin 15), (Vcci) 4.5 5.5 V 

Alternate Supply Voltage (Pin 16) 10.8 13.2 V 

(VcC 2 > 

Input Voltage ±15 V 

Temperature, (Ta) 0 +70 °C 

Electrical Characteristics (Notes 2, 3 and 4) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V| H High-Level Input Voltage 

(Figure 1) 

3 



V 

V| L Low-Level Input Voltage 

(Figure 1) 



-3 

V 

V T+ Positive-Going Threshold Voltage 

(Figure 1 ) 

Normal Operation 

0.8 

2.2 

3 

V 


Fail-Safe Operation 

0.8 

2.2 

3 

V 

V T _ Negative-Going Threshold Voltage 

(Figure 1) 

Normal Operation 

-3 

-1.1 

0 

V 


Fail-Safe Operation 

0.8 

1.4 

3 

V 

V T+ -V T _ Hysteresis 

(Figure 1) 

Normal Operation 

0.8 

3.3 

6 

V 


Fail-Safe Operation 

o 

0.8 

2.2 

V 

Vqh High-Level Output Voltage 

'oh = -400pA, (Figure 1) 

2.4 

3.5 


V 

V OL Low-Level Output Voltage 

l OL = 16 mA, (Figure 1) 


0.23 

0.4 

V 

r, Input Resistance 


AV t = -25V to -14V 

3 

5 

7 

kft 



AV, = -14V to -3 V 

3 

5 

7 

kft 


(Figure 2) 

AV, = -3V to +3V 

3 

6 


k£2 



AV, = 3V to 14V 

3 

5 

7 

kft 



AV, = 14V to 25V 

3 

5 

7 

k£2 

V|(open) Open-Circuit Input Voltage 

l,=0, (Figure 3) 

0 

0.2 

2 

V 

l os Short-Circuit Output Current 

(Note 5) 

V cc1 = 5.5V, V, = -5V, (Figure 4) 

-10 

-20 

-40 

mA 

•cci Supply Current From V CC i 

V CC1 = 5.5V, T a = 25° C, (Figure 5) 


20 

35 

mA 

l CC2 Supply Current From V CC2 

V CC2 = 13.2V, T A = 25°C, (Figure 5) 


23 

40 

mA 

Switching Characteristics (v ccl = 5v, t a = 25°o 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t PLH Propagation Delay Time, Low-to-High 

Level Output 

C L = 50 pF, 

R L = 390£2, (Figure 6) 


22 


ns 

t PHL Propagation Delay Time, High-to-Low 

Level Output 


R L = 3900, (Figure 6) 

■ 

20 


ns 

t TLH Transition Time, Low-to-High Level 

Output 

Bfl 

R l = 3900 (Figure 6) 


9 


ns 

tjHL Transition Time, High-to-Low Level 

Output 

HI 

R l = 390f2, (Figure 6) 


6 


ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75154. All typical values are for Ta = 25°C and 
Vcci = 5 V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic and 
threshold levels only, e.g., when — 3V is the maximum, the minimum limit is a more-negative voltage. 

Note 5: Only one output at a time should be shorted. 
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DC Test Circuits and Truth Tables 


5.5V O 0 13.2V 



Note 1: Momentarily apply -5V, then 0.8V. 
Note 2: Momentarily apply 5V, then ground. 


FIGURE 1.V| H , V| U ,V T+ ,V t _,Voh.V 0 L 



FIGURE 3. V| (OPEN) 


1 
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DS75154 




DS75154 


DC Test Circuits (Continued) 



Each output is tested separately. 

All four line receivers are tested simultaneously. 


FIGURE 4. I os FIGURE 5. I C C 

AC Test Circuit and Switching Time Waveforms 


INPUT 5 V OUTPUT 



INPUT ■ 


OUTPUT 



Note 1: The pulse generator has the following characteristics: Zout = 50£2, t w = 200 ns, duty cycle < 20%. 
Note 2: C L includes probe and jig capacitance 


FIGURE 6. 


Typical Performance Characteristics 


Output Voltage vs 
Input Voltage 



INPUT VOLTAGE (V) 
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National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS7820/DS8820 Dual Line Receiver 


General Description 

The DS7820, specified from -55°C to +125°C, and 
the DS8820, specified from 0°C to +70° C, are 
digital line receivers with two completely indepen- 
dent units fabricated on a single silicon chip. 
Intended for use with digital systems connected 
by twisted pair lines, they have a differential input 
designed to reject large common mode signals while 
responding to small differential signals. The output 
is directly compatible with TTL or LS integrated 
circuits. 

Features 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 


■ Each channel can be strobed independently 

■ High input resistance 

■ Fan out of two with TTL integrated circuits 

The response time can be controlled with an ex- 
ternal capacitor to eliminate noise spikes, and the 
output state is determined for open inputs. Ter- 
mination resistors for the twisted pair line are 
also included in the circuit. Both the DS7820 and 
the DS8820 are specified, worst case, over their 
full operating temperature range, for ±10-percent 
supply voltage variations and over the entire input 
voltage range. 



DS7820/DS8820 






DS7820/DS8820 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 8.0V 

Input Voltage ±20V 

Differential Input Voltage ±20V 

Strobe Voltage 8.0V 

Output Sink Current 25 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300 C 

*Derate cavity package 8.7 mW/°C above 25°C; derate molded 
package 9.7 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Supply Voltage (Vcc> 
DS7820 
DS8820 

Temperature (T^) 
DS7820 
DS8820 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

Vth 

Input Threshold Voltage 

VcM = 0 

-0.5 

0 

0.5 



—15V < V C m < 15V 

-1.0 

0 

1.0 

Vqh 

High Output Level 

Iqut — 0.2 mA 

2.5 


5.5 


Low Output Level 


Inverting Input Resistance 


R, + 

Non-Inverting Input Resistance 

Rt 

Line Termination Resistance 

t r 

Response Time 


Strobe Current 


Power Supply Current 


Non-Inverting Input Current 


Inverting Input Current 



Cdelay ~ 100 pF 


VsTROBE - 0-4V 


^STROBE ~ 5-5V 


V,N = 15V 


V,N =0 


V,N --15V 


V in = 15V 


V,N =0 


V,n ="15V 


V, N = 15V 


V,N =0 


V,m =-15V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for 4.5V < Vqc < 5.5V, —15V < V^m < 15V and — 55°C < T/\ < +125°C for the DS7820 or 0°C < T^ < 
+70°C for the DS8820 unless otherwise specified; typical values given are for Vqq = 5.0V, T/^ = 25°C and Vq\/| = 0 unless stated differently. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the 
values given when both receivers are operated under identical conditions. 
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OUTPUT VOLTAGE (V) INPUT VOLTAGE (V) DIFFERENTIAL INPUT VOLTAGE (V) 
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DS7820A/DS8820A 


National 
Semiconductor 

DS7820A/DS8820A Dual L 

General Description 

The DS7820A and the DS8820A are improved 
performance digital line receivers with two com- 
pletely independent units fabricated on a single 
silicon chip. Intended for use with digital systems 
connected by twisted pair lines, they have a differ- 
ential input designed to reject large common mode 
signals while responding to small differential sig- 
nals. The output is directly compatible with TTL 
or LS integrated circuits. Some important design 
features include: 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 

■ Strobe low forces output to "1" state 

■ High input resistance 


Transmission Line 
Drivers/Receivers 


Receiver 


■ Fanout of ten with TTL integrated circuits 

■ Outputs can be wire OR'ed 

■ Series 54/74 compatible 

The response time can be controlled with an ex- 
ternal capacitor to reject input noise spikes. The 
output state is a logic "1" for both inputs open. 
Termination resistors for the twisted pair line are 
also included in the circuit. Both the DS7820A 
and the DS8820A are specified, worst case, over 
their full operating temperature range (~55°C 
to 125°C and 0°C to 70°C respectively), over the 
entire input voltage range, for ±10% supply volt- 
age variations. 



Schematic and Connection Diagrams 


RESPONSE TIME 
CONTROL 



Dual-ln*Line Package 



Note: Pin 7 connected to bottom of cavity package. 
top VIEW 


Order Number DS7820AJ, DS8820AJ 
or DS8820AN 

See NS Package J14A or N14A 


Typical Applications 

Single Ended (EIA-RS232C) Receiver with Hysteresis 


Differential Line Driver and Receiver 


Cl 01 ..f 
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Absolute Maximum Ratings (Notei) 

Supply Voltage 8.0V 

Common-Mode Voltage ±20V 

Differential Input Voltage ±20V 

Strobe Voltage 8.0V 

Output Sink Current 50 mA 

Storage Temperature Range -65°C to 150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 10 sec) 300°C 

‘Derate cavity package 8.7 mW/°C above 25°C; derate molded 

package 9.7 mW/°C above 25°C. 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

DS7820A 

4.5 

5.5 

V 

DS8820A 

4.75 

5.25 

V 

Temperature (Ta) 

DS7820A 

-55 

+ 125 

°c 

DS8820A 

0 

+70 

°c 


Electrical Characteristics (Notes 2, 3, and 4) 


PARAMETER 


V TH Differential Threshold Voltage 


CONDITIONS 


Inverting Input Resistance 


Non-Inverting Input Resistance 


Line Terrrjination Resistance 


Inverting Input Current 


Non-Inverting Input Current 


Ice 

Power Supply Current 
One Side Only 

Von 

Logical "1" Output Voltage 

Vol 

Logical "0" Output Voltage 

Vsh 

Logical "1" Strobe Input Voltage 

VsL 

Logical "0" Strobe Input Voltage 

IsH 

Logical "1" Strobe Input Current 

f SL 

Logical "0" Strobe Input Current 

lsc 

Output Short Circuit Current 

Switching Characteristics 

PARAMETER j 

tpdO 

Propagation Delay, Differential 
Input to "0" Output 

tpdl 

Propagation Delay, Differential 
Input to "1" Output 

tpdO 

Propagation Delay, Strobe 
Input to "0" Output 

tpdl 

Propagation Delay, Strobe 
Input to "1" Output 

Note 1 

: "Absolute Maximum Ratings" are 


I 


Iqut ~ 400/jA, 
V out >2.5V 
Iqut = +16 mA, 
Vqut <0.4V 


-15V < V CM < +15V 


-15V < V CM < +15V 


T a = 25°C 


V CM = “15V 


V CM = 15V 


V C m = 0V 


V C M =-15V 


-15V < V CM < +15V 


-15V < V CM < +15V 


out - Logical “0 

V DIFF =-1V 


Vqipf = -0.5V, 


V C m = 15V 


V CM =“15V 


V c m = 0V 


Iqut = 400/jA, V D | FF - IV 


Iqut -+15mA, V D |pp - IV 


out ~ +16 mA, V 0 ut ^ 0.4 V, Vqi FF - 3V 


out _ 400pA, Vqut ^ 2.5V, V D] p F = 3V 


Vstrobe = 5.5V, V DIFF - 3V 


VsTROBE -0.4V, V D ipp - 3V 


Iqut = 0V, V cc - 5.5V, Vg TFt Qg E - 0V 


Ta= 25°C, Vcc = 5V, unless otherwise 


CONDITIONS 




TYP 

MAX 

UNITS 

30 

45 

ns 

27 

40 

ns 

16 

25 

ns 

18 

30 

ns 


Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for 4.5V < Vqq < 5.5V, —15V < Vcm ^ 15V and — 55°C < Ta < +125°C for the DS7820A or 4.75V < 
V CC < 5.25V, O^C < T^ < +70°C for the DS8820A unless otherwise specified. Typical values given are for Vcc = 5.0V, T/\ = 25°C and Vcm = 
0V unless stated differently. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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DS7820A/DS8820A 


Typical Performance Characteristics (Note 3 ) 


Supply Voltage Sensitivity 



4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 


Common-Mode Voltage 
Sensitivity 



-20 -10 0 +10 +20 
COMMON-MODE VOLTAGE (V) 


Temperature Sensitivity 




- 0.4 - 0.2 0 0.2 0.4 

DIFFERENTIAL INPUT VOLTAGE (V) 


Termination Resistance 



-75 -50 -25 0 25 50 75 100 125 

t a ro 




-20 -10 0 10 20 
INPUT VOLTAGE (WITH RESPECT TO GROUNO) (V) 


Power Supply Current 



-20 -10 0 +10 +20 
COMMON MODE VOLTAGE (V) 


Internal Power Dissipation 



-20 -10 0 10 20 
COMMON MODE VOLTAGE (V) 


Output Voltage Levels 



Ta TC) 


Differential Input Delays 



-75 -50 -25 0 25 50 75 100 125 

Ta CC> 


Strobe Delays 



-75 -50 -25 0 25 50 75 100 125 

Ta <°C> 


Noise Rejection 
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DS78C20/DS88C20 



National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS78C20/DS88C20 

Dual CMOS Compatible Differential Line Receiver 


General Description 

The DS78C20 and DS88C20 are high performance, 
dual differential, CMOS compatible line receivers for 
both balanced and unbalanced digital data transmission. 
The inputs are compatible with El A and Federal 
Standards. 

Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver, and the pinout is identical. 

A response pin is provided for controlling sensitivity to 
input noise spikes with an external capacitor. Each 
receiver includes a 180f2 terminating resistor, which may 
be used optionally on twisted pair lines. The DS78C20 
is specified over a — 55° C to +125°C operating tempera- 
ture range, and the DS88C20 over a 0°C to +70°C range. 


Features 

■ Meets requirements of EIA Standards RS-232-C 
RS-422 and RS-423, and Federal Standards 1020 and 
1030 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ 1/2 Vcc strobe threshold for CMOS compatibility 

■ 5k typical input impedance 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Operation voltage range = 4.5V to 15V 

■ DS7830/DS8830 or MM78C30/MM88C30 recom- 
mended driver 


Connection Diagram 


Typical Applications 



RS-422/RS-423 Application 


RS-232-C Application with Hysteresis 


ci 

0.01 /jF 



STROBE 



Note 1: (Optional internal termination resistor). 

a) Capacitor in series with internal line termination resistor, terminates the 
line and saves termination power. Exact value depends on line length. 

b) Pin 1 connected to pin 2; terminates the line. 

c) Pin 2 open; no internal line termination. 

d) Transmission line may be terminated elsewhere or not at all. 

Note 2: Optional to control response time. 

Note 3: Vqq4.5V to 15V for the DS78C20. For further information on line 
drivers and line receivers, refer to application notes AN-22, AN-83 and AN-108. 


For signals which require fail-safe or have slow rise 
and fall times, use R1 and D1 as shown above. 
Otherwise, the positive input (pin 3 or 11) may be 
connected to ground. 



1-98 




Absolute Maximum Ratings 

(Note 1) 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage 

18V 

Supply Voltage (Vqq) 

4.5 

15 

V 

Common-Mode Voltage 

±25V 

Temperature (Ta) 




Differential Input Voltage 

±25V 

DS78C20 

-55 

+ 125 

°C 

Strobe Voltage 

18V 

DS88C20 

0 

+70 

“C 

Output Sink Current 

Maximum Power Dissipation* at 25° C 

50 mA 

Common-Mode Voltage (Vcm) 

-15 

+15 

V 

Cavity Package 

1364 mW 






Molded Package 1280 mW 

Storage Temperature Range — 65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 9.1 mW/°C above 25°C; derate molded 
package 10.2 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

j CONDITIONS 

v T h 

Differential Threshold Voltage 

• OUT = —200 pA, 

-iov < vcm < iov 



V0UT>V C C- 1.2V 

-15V < Vcm< 15V 



•OUT = 1 -6 mA, VquT < 0.5V 

-iov < vcm < iov 



-15V<Vcm< 15V 

R|N 

Input Resistance 

-15V < Vcm < 15V 

r t 

Line Termination Resistance 

T A = 25° C 

l|ND 

Data Input Current (Unterminated) 

v C m = iov 



Vcm = ov 



Vcm = -iov 

Vthb 

Input Balance 

•OUT = 200 pA, v 0UT > 

Vcc “ 1-2V, Rs = 500^, (Note 5) 

-7 v < v C m < 7v 



•OUT = 1 -6 mA, VquT < 0.5V, 
RS = 500fl, (Note 5) 

— 7v < v C M < 7V 

VOH 

Logical "1" Output Voltage 

•OUT = “200/uA, Vqiff = IV 

VOL 

Logical "0" Output Voltage 

•OUT = 1.6 mA, Vqiff = -iv 

icc 

Power Supply Current 

i5v< Vcm < -i5v, 

Vcc = 5.5V 



VDIFF = “0.5V (Both Receivers) 

Vcc = 15V 

•iNfl) 

Logical "1" Strobe Input Current 

VSTROBE = 15V, V D |FF = 3V 

•lN(0) 

Logical "0" Strobe Input Current 

VSTROBE = OV, VqiFF = -3V 

V|H 

Logical "1" Strobe Input Voltage 


Vcc= 5V 



•OUT = 1.6 mA, Vol < 0.5V 

Vcc = 10V 




Vcc = 15V 

V|L 

Logical "0" Strobe Input Voltage 

•OUT = —200 pA, 
VQH = VCC -1-2V 

Vcc= 5V 



Vcc = 10 V 



Vcc = 15V 

'OS 

Output Short-Circuit Current 

VquT = 0V, Vcc = 15V, V STROBE = 0V, (Note 4) 



Switching Characteristics v C c = 5v. t a = 25°c 


PARAMETER 

CONDITIONS 

tpd0(D) Differential Input to "0" Output 

Cl = 50 pF 

fpdl(D) Differential Input to "1 " Output 

Cl = 50 pF 

tpd0(S) Strobe Input to "0" Output 

Cl = 50 pF 

Ipdl(S) Strobe Input to "1" Output 

Cl = 50 pF 



TYP 

MAX 

UNITS 

60 

100 

ns 

100 

150 

ns 

30 

70 

ns 

100 

150 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55° C to +125°C temperature range for the DS78C20 and across the 0°C to 
+70°C range for the DS88C20. All typical values are for Ta = 25° C, Vcc = 5V and Vcm = 0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS-422 for exact conditions. 
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TO National 
Mm Semiconductor 


Transmission Line 
Drivers/Receivers 


DS7830/DS8830 Dual Differential Line Driver 


General Description 

The DS7830/DS8830 is a dual differential line 
driver that also performs the dual four-input NAND 
or dual four-input AND function. 

TTL (Transistor-Transistor-Logic) multiple emitter 
inputs allow this line driver to interface with 
standard TTL systems. The differential outputs 
are balanced and are designed to drive long lengths 
of coaxial cable, strip line, or twisted pair trans- 
mission lines with characteristic impedances of 
50L2 to 500S2. The differential feature of the 
output eliminates troublesome ground-loop errors 


normally associated with single-wire transmissions. 

Features 

■ Single 5 volt power supply 

■ Diode protected outputs for termination of 
positive and negative voltage transients 

■ Diode protected inputs to prevent line ringing 

■ High speed 

■ Short circuit protection 






DS7830/DS8830 


Absolute Maximum Ratings (Notei) 

Operating Conditions 






MIN 

MAX 

UNITS 

v cc 

7.0V 

Supply Voltage (Vqq) 




Input Voltage 

5.5V 

DS7830 

4.5 

5.5 

V 

Storage Temperature 

-65° C to +150°C 

DS8830 

4.75 

5.25 

V 

Lead Temperature (Soldering, 10 sec) 

300° C 

Temperature (T A ) 




Output Short Circuit Duration (125°C) 

1 second 

DS7830 

-55 

+125 

°c 

Maximum Power Dissipation* at 25°C 


DS8830 

0 

+70 

“c 

Cavity Package 

1308 mW 





Molded Package 

1207 rrW 





•Derate cavity package 8.7 mW/°C above 25‘ 
package 9.7 mW/°C above 25°C. 

3 C; derate molded 





Electrical Characteristics 

(Notes 2 and 3) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vi H Logical "1" Input Voltage 


2.0 



V 

V IL Logical "0" Input Voltage 




0.8 

V 

V OH Logical "1" Output Voltage 

V 1N = 0.8V 

Iout “ 0.8 mA 

2.4 



V 

Iout = 40 mA 

1.8 

3.3 


V 

V OL Logical "0" Output Voltage 

V IN = 2.0 V 

Iout = 32 mA 


0.2 

0.4 

V 

Iqut = 40 mA 


0.22 

0.5 

V 

l (H Logical "1” Input Current 

Vin = 2.4V 
V (N = 5.5V 



120 

2 

JuA 

mA 

l| L Logical "0" Input Current 

V IN = 0.4V 



-4.8 

mA 

l sc Output Short Circuit Current 

V cc = 5.0V, T a = 125°C, (Note 4) 

-40 

-100 

-120 

mA 

l cc Supply Current 

V| N = 5.0V, (Each Driver) 


11 

18 

mA 

V, Input Clamp 

V cc = Min, l, N = —12 mA 


-1.0 

-1.5 

V 

Switching Characteristics t a = 25 °c, v cc = sv, unless otherwise noted 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t pd1 Propagation Delay AND Gate 

tpdO 

R l = 400S2, Cl = 15 pF 
(Figure 1 ) 


8 

12 

ns 


11 

18 

ns 

tpdi Propagation Delay NAND Gate 

tpdO 

R L = 400£2, C L = 15 pF 
(Figure 1) 


8 

12 

ns 


5 

8 

ns 

t-| Differential Delay 

Load, 100£2 and 5000 pF, 
(Figure 2) 


12 

16 

ns 

t 2 Differential Delay 

Load, lOOfi and 5000 pF, 
( Figure 2) 


12 

16 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/fnax limits apply across the -55°C to +125°C temperature range for the DS7830 and across the 0°C to 
+70°C range for the DS8830. Typical values are for T A = 25°C and Vqq = 5.0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Typical Performance Characteristics 


Output High Voltage (Logical "1") 
Vs Output Current 


Differential Delay Vs Temperature 


Threshold Voltage Vs Temperature 




0 20 40 00 80 100 120 140 

OUTPUT SOURCE CURRENT (mAI 

Differential Output Voltage 
<I V AND ~ VnaNdD 
Vs Differential Output Current 



25 50 75 

OUTPUT CURRENT (inA) 



-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Power Dissipation (No Load! 
Vs Data Input Frequency 


Hilling 
iiiiiiii 
iiiiiml 
iiiiiiiiBn 
IIIIIIIIVJ 

iiiiiiii 

iiiiiiij 
hi ling 
iiiiiiiiii 


0.1 2 5 7 1.0 2 5 710 0 20.0 5 7 10 

DATA INPUT FREQUENCY (MHz) 


GUARANTEED LOGICAL "0" 
— I — INPUT VOLTAGE T - 


-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Output Low Voltage 
(Logical "0") Vs Output Current 


7 

' 


L 









25° 



J 




^25 



_ 

_ 


20 40 80 80 100 120 140 

OUTPUT SINK CURRENT (mA) 


AC Test Circuit 


: I 1/2 OS7I30/OSII30 



Switching Time Waveforms 




f = 1 MHz 

t r = tf < 10 ns (10% to 90%) 
Duty cycle = 50% 
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DS78/8831, DS78/8832 


Htt National 
AA Semiconductor 

DS7831/DS8831, DS7832/DS8832 


Transmission Line 
Drivers/Receivers 


Mode of Operation 


Dual TRI STATE® Line Driver 

General Description 

Through simple logic control, the DS7831/ 
DS8831, DS7832/DS8832 can be used as either 
a quad single-ended line driver or a dual differential 
line driver. They are specifically designed for 
party line (bus-organized) systems. The DS7832/ 
DS8832 does not have the V cc clamp diodes 
found on the DS7831/DS8831. 

The DS7831 and DS7832 are specified for opera- 
tion over the -55°C to +125°C military tempera- 
ture range. The DS8831 and DS8832 are specified 
for operation over the 0°C to +70°C temperature 
range. 

Features 

■ Series 54/74 compatible 

■ 17 ns propagation delay 

■ Very low output impedance— high drive 
capability 

■ 40 mA sink and source currents 

■ Gating control to allow either single-ended or 
differential operation 

■ High impedance output state which allows 
many outputs to be connected to a common 
bus line. 


To operate as a quad single-ended line driver apply 
logical "0"s to the Output Disable pins (to keep 
the outputs in the normal low impedance mode) 
and apply logical "0'”s to both Differential/ 
Single-ended Mode Control inputs. All four 
channels will then operate independently and no 
signal inversion will occur between inputs and 
outputs. 

To operate as a dual differential line driver apply 
logical "0"s to the Output Disable pins and apply 
at least one logical "1" to the Differential/Single- 
ended Mode Control inputs. The inputs to the A 
channels should be connected together and the 
inputs to the B channels should be connected to- 
gether. 

In this mode the signals applied to the resulting 
inputs will passnon-inverted on the A 2 and B 2 out- 
puts and inverted on the A, and B] outputs. 

When operating in a bus-organized system with 
outputs tied directly to outputs of other 
(continued) 


Connection and Logic Diagram 

Dual-1 n-Line Package 


DIFFERENTIAL/ 

OUTPUT INPUT OUTPUT INPUT SINGLEINOEO 
A2 A2 A1 A1 MODE CONTROL 



Order Number DS7831J, DS8831J, 
DS7832J, DS8832J, DS8831N or DS8832N 
See NS Package J16A or N16A 


Truth Table (Shown for A Channels Only) 


"A" OUTPUT 

DISABLE 

DIFFERENTIAL/ 
SINGLE-ENDED 
MODE CONTROL 

INPUT A1 

OUTPUT A1 

INPUT A2 

OUTPUT A2 

0 

0 

0 

0 

Logical ”1** or 
Logical ”0" 

Same as 
Input A1 

Logical “I” or 
Logical "0" 

Same as 
Input A2 

0 

0 

X 

1 

1 

X 

Logical "1" or 
Logical "0" 

Opposite of 
Input A1 

Logical "1" or 
Logicai "0“ 

Same as 
Input A2 

1 

X 

X 

1 

X 

X 

X 

High 

impedance 

state 

. X 

High 

impedance 1 

state 


X = Don't Care 
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Absolute Maximum Ratings (Noteu 

Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Time that 2 bus-connected devices may 
be in opposite low impedance states 

simultaneously oo 

Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 sec.) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage (Vqq) 
DS7831, DS7832 
DS8831, DS8832 

Temperature (T /\) 
DS7831, DS7832 
DS8831 , DS8832 


PARAMETER 


Logical "1" Input Voltage 


Logical "0" Input Voltage 


Logical "1" Output Voltage 


Logical "0" Output Voltage 


CONDITIONS 


l| H Logical "1" Input Current 


l, L Logical "0” Input Current 


Output Disable Current 


l sc Output Short Circuit Current 


l cc Supply Current 


V cu Input Diode Clamp Voltage 


Vclo Output Diode Clamp Voltage 


V C c = Min 


V cc = Min 


DS7831, DS7832 


DS8831, DS8832 


MIN TYP 


2.0 


DS7831, DS7832 


DS8831, DS8832 


V qq = Max 



o = 40 mA 


l 0 = 32 mA 


o = 40 mA 


o = 32 mA 


DS7831, DS7832, V IN = 5.5V 


DS8831, DS8832, V, N = 2.4V 


V cc = Max, V IN = 0.4V 


V cc = Max, V Q = 2.4V or 0.4V 


V cc = Max, (Note 4) 


V cc = Max in TRI-STATE 


V cc = 5.0V, T a = 25°C, l IN = -12 mA 


out “ 12 mA 

DS7831/DS8831 

DS7832/DS8832 

out = 12 mA 

DS7831/DS8831 


Switching Characteristics t a = 25°c, v cc = 5v, unless otherwise noted 


PARAMETER 

VdO 

Propagation Delay to a Logical "0" 
from Inputs A1, A2, B1, B2 
Differential Single-ended Mode 
Control to Outputs 

tpdl 

Propagation Delay to a Logical "1" 
from Inputs A1, A2, B1, B2 
Differential Single-ended Mode 
Control to Outputs 

*1H 

Delay from Disable Inputs to High 
Impedance State (from Logical "1" 
Level) 

*OH 

Delay from Disable Inputs to High 
Impedance State (from Logical "0" 
Level) 


Propagation Delay from Disable Inputs 
to Logical "1" Level (from High 
Impedance State) 

'ho 

Propagation Delay from Disable Inputs 
to Logical "0" Level (from High 
Impedance State) 


CONDITIONS 



TYP 

MAX 

UNITS 

13 

25 

ns 

13 

25 

ns 

6 

12 

ns 

14 

22 

ns 

14 

22 

ns 

18 

27 

ns 
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DS78/8831, DS78/8832 


Notes 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55° C to +125°C temperature range for the DS7831 and DS7832 and across 
the 0°C to +70°C range for the DS8831 and DS8832. All typical values are for T^ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Applies for T/\ = 125°C only. Only one output should be shorted at a time. 


Mode of Operation (Continued) 

DS7831/DS8831's, DS7832/DS8832's (Figure 

1), all devices except one must be placed in the 
"high impedance'' state. This is accomplished by 
ensuring that a logical "1" is applied to at least 
one of the Output Disable pins of each device 
which is to be in the "high impedance" state. A 
NOR gate was purposely chosen for this function 
since it is possible with only two DM5442/ 
DM7442, BCD-to-decimal decoders, to decode as 
many as 100 DS7831/DS8831's, DS7832/ 

DS8832's (Figure 2). 

The unique device whose Disable inputs receive 
two logical "0" levels assumes the normal low 


impedance output state, providing good capacitive 
drive capability and waveform integrity especially 
during the transition from the logical "0" to 
logical "1" state. The other outputs— in the high 
impedance state— take only a small amount of 
leakage current from the low impedance outputs. 
Since the logical "l" output current from the 
selected device is 100 times that of a conventional 
Series 54/74 device (40 mA vs. 400 pA), the 
output is easily able to supply that leakage current 
for several hundred other DS7831/DS8831's, 
DS7832/DS8832's and still have available drive 
for the bus line (Figure 3). 


SELECTED AS 
DRIVING 
DEVICE 


GATED INTO 
THIRD STATE 


GATED INTO 
THIRD STATE 


BUSLINES 



Figure 1 
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DS78/8831, DS78/8832 


Switching Time Waveforms 



tHO 


»H1 




FIGURE 4 


5V 




Switch SI 

Switch S2 

C L 


closed 

closed 


*pdO 

dosed 

closed 



closed 

closed 



dosed 

closed 



closed 

open 

50 pF 


op.n 

closed 

50 pF 


•Jig capacitance. 
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m National 
'4£m Semiconductor 


Transmission Line 
Drivers/Receivers 


DS78C120/DS88C120 Dual CMOS Compatible 
Differential Line Receiver 


General Description 

The DS78C120 and DS88C120 are high performance, 
dual differential, CMOS compatible line receivers for 
both balanced and unbalanced digital data transmission. 
The inputs are compatible with El A, Federal and MIL 
standards. 

Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 

Features 

■ Full compatibility with EIA Standards RS232-C, 
RS422 and RS423, Federal Standards 1020, 1030 
and MIL-188-114 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ 1/2 Vcc strobe threshold for CMOS compatibility 

■ 5k typical input impedance 


Connection Diagram 

Dual-ln-Line Package 


FAIL-SAFE TERMI- RESPONSE 

V CC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 



OFFSET -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 

FAIL-SAFE NATION TIME 


TOP VIEW 

Order Number DS78C120J, DS88C120J 
or DS88C120N 

See NS Package J16A or N16A 


■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Operation voltage range = 4.5V to 15V 

■ Separate fail-safe mode 

Functional Description 

The line receiver will discriminate a ±200 mV input 
signal over a common-mode range of ±10V and a 
±300 mV signal over a range of ±1 5V. 

Circuit features include hysteresis and response control 
for applications where controlled rise and fall times and/ 
or high frequency noise rejection are desirable. Thres- 
hold offset control is provided for fail-safe detection, 
should the input be open or short. Each receiver includes 
a 1800 terminating resistor and the output gate con- 
tains a logic strobe for time discrimination. The 
DS78C1 20 is specified over a -55° C to +1 25°C tempera- 
ture range and the DS88C120 from 0°C to +70° C. 
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DS78C120/DS88C120 


Absolute Maximum Ratings (Note d 

Operating Conditions 


Supply Voltage 
Input Voltage 

18V 

±25V 

Supply Voltage (Vcc> 

MIN MAX UNITS 

4.5 15 V 

Strobe Voltage 

v 18V 

Temperature (T A ) 




Output Sink Current 

50 mA 

DS78C120 


- 

55 +125 °C 

Maximum Power Dissipation* at 25° C 


DS88C120 



0 +70 °C 

Cavity Package 

1433 mW 

Common-Mode Voltage (Vqm) 

-15 +15 V 

Molded Package 

1 362 mW 






Storage Temperature Range 

-65° C to +150°C 






Lead Temperature (Soldering, 10 seconds) 

300° C 






* Derate cavity package 9.6 mW/°C above 25°C; derate molded 






package 10.9 mW/ C above 25 C. 







Electrical Characteristics (Notes 2 and 3 ) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vxh Differential Threshold Voltage 

lOUT = -200 pA, 

— 7V< V C m<7V 


0.06 

0.2 

V 


V0UT> V CC - 1-2V 

-15V < V C M< 15V 


0.06 

0.3 

V 

Vtl Differential Threshold Voltage 

'OUT = 1-6 mA, VoUT < 0.5V 

-7V<V C M<7V 


-0.08 

-0.2 

V 

-15V<V C M< 15V 


-0.08 

-0.3 

V 

Vjh Differential Threshold Voltage 

'OUT = -200 pA, 
V0UT>VCC- 1-2V 

-7V<V C M <7V 


0.47 

0.7 

V 

Vtl Fail-Safe Offset = 5V 

'OUT = 1-6 mA, Vqut < 0.5V 

-7V<V C M<7V 

0.2 

0.42 


V 

R | (x| Input Resistance 

-15V<V C m< 15V, 0V<V C C< 15V 

4 

5 


kn 

Rj Line Termination Resistance 

T A = 25° C 

100 

180 

300 

n 

RO Offset Control Resistance 

T A = 25°C 


56 • 


kn 

•iND Data Input Current (Unterminated) 


vcm = iov 


2 

3.1 

mA 


0V<V C C< 15V 

vcm = ov 


0 

-0.5 

mA 



v C m = -iov 


-2 

-3.1 

mA 

VjhB Input Balance 

lOUT = 200 pA, VouT> 

V c c - 1 .2V, R$ = 500J2, (Note 5) 

— 7V < V CW | < 7 V 


0.1 

0.4 

V 


'OUT = 1 -6 mA, VquT < 0.5V, 
R s = 500S2, (Note 5) 

— 7V < V CM < 7 V 


-0.1 

—0.4 

V 

Voh Logical "1 " Output Voltage 

lOUT = “200 pA, Vqifp = IV 

Vcc-1-2 

VcC-0-75 


V 

Vol Logical "0" Output Voltage 

'OUT = 1-6 mA, Vqiff ■= -IV 


0.25 

0.5 

V 

IqC Power Supply Current 

15V < Vcm < -15V, 

Vcc = 5.5V 


8 

15 

mA 


VDIFF = "0.5V (Both Receivers) 

Vcc = 15V 


15 

30 

mA 

1 1 IS] ( 1 ) Logical "1" Strobe Input Current 

V STROBE = 15V, VpiFF = 3V 


15 

100 

P A 

l|N(0) Logical "0" Strobe Input Current 

VSTROBE = 0V, VpiFF = -3V 


-0.5 

-100 

pA 

V|h Logical "1" Strobe Input Voltage 


V C C= 5V 

3.5 

2.5 


V 


VOL < 0.5V, lOUT = 1-6 mA 

Vcc = 10 V 

8.0 

5.0 


V 



Vcc = 15V 

12.5 

7.5 


V 

V|L Logical "0" Strobe Input Voltage 

voh = v cc -i. 2 v, 

'OUT = -200 pA 

Vcc = 5V 


2.5 

1.5 

V 


Vcc = 10 V 


5.0 

2.0 

V 


Vcc = 15V 


7.5 

2.5 

V 

IQS Output Short-Circuit Current 

Vqut = 0V, Vcc = 15V, VgTROBE = 0V, (Note 4) 

-5 

-20 



mA 

Switching Characteristics v C c = 5v. t a = 25°c 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO(D) Differential Input to "0" Output 

Cl = 50 pF 


60 

100 

ns 

tpdl(D) Differential Input to "1" Output 

Cl = 50 pF 


100 

150 

ns 

fpdO(S) Strobe Input to "0" Output 

Cl = 50 pF 


30 

70 

ns 

fpdl(S) Strobe Input to “I" Output 

C L = 50 pF 


100 

150 

ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of ’ 

Electrical Characteristics" 

provides conditions for actual device operation. 






Note 2: Unless otherwise specified min/max limits apply across the— 55° C to +125°C temperature range for the DS78C120 and across the 0°C to 

+70° C range for the DS88C120. All typical values are for Ta - 25° C, Vcc ~ 

5V and V CM = 0V. 





Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

All values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA-RS422 for exact conditions. 







1-110 






















































































































































RESPONSE 

CONTROL 



V CC 




ozio88sa/ozio8/sa 


Schematic Diagram 0/2 circuit shown) 





DS78C120/DS88C120 


AC Test Circuit and Switching Time Waveforms 

Differential and Strobe Input Signal 




Note. Optimum switching response is obtained by minimizing stray capacitance on Response Control pin (no external connection). 
Application Hints Balanced Data Transmission 



T 


1-112 










1-113 


DS78C120/DS88C120 





DS78C120/DS88C120 


Application Hints (Continued) 

TRANSMISSION LINE TERMINATION 

On a transmission line which is electrically long, it is 
advisable to terminate the line in its characteristic 
impedance to prevent signal reflection and its associated 
noise/cross-talk. A 180f2 termination resistor is provided 
in the DS78C120/DS88C120 line receiver. To use the 
termination resistor, connect pins 2 and 3 together and 
pins 13 and 14 together. The 1 8012 resistor provides a 
good compromise between line reflections, power dissi- 
pation in the driver, and IR drop in the transmission 
line. If power dissipation and IR drop are still a concern, 
a capacitor may be connected in series with the resistor 
to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. 
Example: if the transmission line is 1,000 feet long, 
(approximately 1000 ns) the capacitor value should be 
1852 pF. For additional application details, refer to 
application notes AN-22 and AN-108 in the National 
Semiconductor Interface Data Book. 


FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, 
and it is desirable to have the system shut-down in a 
fail-safe mode if the transmission line is open or short. To 
facilitate the detection of input opens or shorts, the 
DS78C120/DS88C120 incorporates an input threshold 
voltage offset. This feature will force the line receiver 
to a specific logic state if presence of either fault is a 
condition. 

Given that the receiver input threshold is ±200 mV, 
an input signal greater than ±200 mV insures the receiver 
will be in a specific logic state. When the offset control 
input (pins 1 and 15) is connected to Vqc = 5V, the 


input thresholds are offset from 200 mV to 700 mV, 
referred to the non-inverting input, or —200 mV to 
—700 mV, referred to the inverting input. Therefore, 
if the input is open or short, the input will be greater 
than the input threshold and the receiver will remain in 
a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 1 2012 on both inputs. 
This network acts as an attenuator, and permits opera- 
tion with common-mode input voltages greater than 
±15V. The offset control input is actually another input 
to the attenuator, but its resistor value is 56k. The off- 
set control input is connected to the inverting input 
side of the attenuator, and the input voltage to the 
amplifier is the sum of the inverting input plus 0.09 
times the voltage on the offset control input. When the 
offset control input is connected to 5V the input ampli- 
fier will see Vin(invERTING) + 0.45V or V||\j(IN- 
VERTING) + 0.9V when the control input is connected 
to 10V. The offset control input will not significantly 
affect the differential performance of the receiver over 
its common-mode operating range, and will not change 
the input impedance balance of the receiver. 

It is recommended that the receiver be terminated 
(5000 or less) to insure it will detect an open circuit in 
the presence of noise. 

The offset control can be used to insure fail-safe opera- 
tion for unbalanced interface (RS423) or for balanced 
interface (RS422) operation. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input was 
open. Connecting the offset to 5V offsets the receiver 
threshold 0.45V. The output is forced to a logic zero 
state if the input is open or short. 


Unbalanced RS423 and RS232 Fail-Safe 



u 

< 



o 


(OFFSET CONTROL 
INPUT OPEN) 


0 

INPUT VOLTAGE 
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Application Hints (Continued) 






INPUT VOLTAGE 


For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic state. 
Receivers A and B will be in a logic zero state allowing 
the NOR gate to detect the short or open condition. 
The strobe will disable receivers A and B and may 
therefore be used to sample the fail-safe detector. 
Another method of fail-safe detection consists of filter- 
ing the output of the NOR gate D so it would not 
indicate a fault condition when receiver inputs pass 
through the threshold region, generating an output 
transient. 


In a communications system, only the control signals 
are required to detect input fault conditions. Advantages 
of a balanced data transmission system over an unbal- 
anced transmission system are: 

1. High noise immunity 

2. High data ratio 

3 Long line lengths 


Truth Table (For Balanced Fail-Safe) 


INPUT 

STROBE 

A-OUT 

B-OUT 

C-OUT 

D-OUT 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

X 

1 

0 

0 

X 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

X 

0 

1 

1 

0 

0 
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DS78LS120/DS88LS120 



National 

Semiconductor 


Transmission Line 
Drivers/Receivers 


DS78LS120/DS88LS120 Dual Differential 
Line Receiver (Noise Filtering and Fail-Safe) 


General Description 

The DS78LS120 and DS88LS120 are high performance, 
dual differential, TTL compatible line receivers for both 
balanced and unbalanced digital data transmission. The 
inputs are compatible with El A, Federal and MIL 
standards. 

The line receiver will discriminate a ±200 mV input 
signal over a common-mode range of ±10V and a 
±300 mV signal over a range of ±15V. 

Circuit features include hysteresis and response control 
for applications where controlled rise and fall times and / 
or high frequency noise rejection are desirable. Thres- 
hold offset control is provided for fail-safe detection, 
should the input be open or short. Each receiver includes 
an optional 18012 terminating resistor and the output gate 
contains a logic strobe for time discrimination. The 
DS78LS120 is specified over a -55°C to +125°C temper- 
ature range and the DS88LS120 from 0°C to +70°C. 


Input specifications meet or exceed those of the popular 
DS7820/DS8820 line receiver. 


Features 

■ Meets EIA Standards RS232-C, RS422 and RS423, 
Federal Standards 1020, 1030 and MIL-188-1 14 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe input for each receiver 

■ 5k typical input impedance 

■ Optional 180£2 termination resistor 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Separate fail-safe mode 


Connection Diagram 


Dual-ln-Line Package 

FAIL-SAFE TERMI- RESPONSE 

V CC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 



FAIL-SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 

OFFSET NATION TIME 


TOP VIEW 

Order Number DS78LS120J, DS88LS120J 
or DS88LS120N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note d Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage (Vcc) 

4.5 

5.5 

V 

Input Voltage 

±25V 

Temperature (Ta> 




Strobe Voltage 

7V 

DS78LS120 

-55 

+ 125 

°C 

Output Sink Current 

50 mA 

DS88LS120 

0 

+70 

°C 

Storage Temperature Range 

-65° C to +150°C 

Common-Mode Voltage (Vcm) 

-15 

+15 

V 


Maximum Power Dissipation* at 25°C 


Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VTH 

Differential Threshold Voltage 

J0UT= -400pA,.VoUT> 2 -5V 

-7V<V C M<7V 


0.06 

0.2 

V 

-15V<V C M<15V 



0.3 

V 

v tl 

Differential Threshold Voltage 

lOUT = 4 mA, VoUT < 0.5V 

— 7V< VcM<7V 



-0.2 

V 

-15V< V C M< 15V 




V 

VTH 

Differential Threshold Voltage 

lOUT = -400 pA, VoUT > 2.5V 

-7V<Vcm<7V 


0.47 

0.7 

V 

vtl 

With Fail Safe Offset = 5V 

lOUT = 4 mA, V0UT<°.5 

-7V<Vcm<7V 

-0.2 

-0.42 


V 

Rin 

Input Resistance 

- 1 5V < Vcm < 1 5V, 0V < Vcc < 7V 

4 

5 


kn 

Rt 

Line Termination Resistance 

Ta = 25° C 

100 

180 

300 

n 

Ro 

Offset Control Resistance 

T A = 25°C 

42 

56 

70 

kn 

'IND 

Data Input Current (Unterminated) 

V C M= 10V 



2 

3.1 

mA 



V CM = 0V 

0V< V C c<7V 


0 

—0.5 

mA 



V C M = -10V 



-2 

-3.1 

,mA 

Vthb 

Input Balance 

l 0 UT = -400 pA, V 0 UT>2.5V, 
Rs = Boon, (Note 5) 

-7V<V C M<7V 


0.1 

0.4 

V 



lOUT = 4 mA, VoUT < 0.5V, 
R$ = 50 on, (Note 5) 

— 7V < V C M < 7V 


-0.1 

-0.4 

V 

VOH 

Logical "1" Output Voltage 

iOUT = -400pA, VoiFF = IV, Vcc = 4.5V 

m 

3 


V 

VOL 

Logical "0" Output Voltage 

lOUT = 4 mA, VoiFF = -IV, Vcc : 

= 4.5V 


0.35 

0.5 

V 

'cc 

Power Supply Current 

V C C = 5.5V, 

V C M=15V 


9 

12 

mA 



VDIFF = —0.5V, (Both Receivers) ! 

Vcm = -15V 


10 

16 

mA 

l|N(1) 

Logical "1" Strobe Input Current 

VSTROBE = 5.5V, VoiFF = 3V 


1 

100 

pA 

'IN(O) 

Logical "0" Strobe Input Current 

VSTROBE = 0V, VoiFF = -3V 


-290 

-400 

pA 

V|H 

Logical "1" Strobe Input Voltage 

VOL < 0.5, louT = 4 mA 

2.0 

1.12 


V 

V|L 

Logical "0" Strobe Input Voltage ! 

VOH>2.5V, l QUT = -400pA 


1.12 

0.8 

V 

'OS 

Output Short-Circuit Current 

VOUT = 0V, Vcc = 5.5V, VSTROBE = 0V, (Note 4) 

-30 

-100 

-170 

mA 

Switching Characteristics 

VcC = 5V,T A =25°C 






PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

tpdO(D) 

Differential Input to "0" Output 




38 

60 

ns 

tpdl(D) 

Differential Input to "1" Output 

Response Pin Open, Cl = 15 pF, Rl 

= 2kn 


38 

60 

ns 

tpdO(S) 

Strobe Input to "0" Output 


16 

25 

ns 

tpdl(S) 

Strobe Input to "1" Output 




12 

25 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS78LS120 and across the 0°C to 
+70°C for the DS88LS120. All typical values are for Ta = 25° C, Vcc ~ 5V and Vcm = 0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS422 for exact conditions. 


D 
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RESPONSE 

CONTROL V CC 





AC Test Circuit and Switching Time Waveforms 

Differential and Strobe input Signal 

OUTPUT 


INPUT O— | 

OPEN 0—1 |o 


0flEN INPUT 

^Includes probe and test fixture capacitance 



1 
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Application Hints (Continued) 

TRANSMISSION LINE TERMINATION 


On a transmission line which is electrically long, it is 
advisable to terminate the line in its characteristic 
impedance to prevent signal reflection and its associated 
noise/cross-talk. A 180fi termination resistor is provided 
in the DS78LS120/DS88LS120 line receiver. To use the 
termination resistor, connect pins 2 and 3 together and 
pins 13 and 14 together. The 180J2 resistor provides a 
good compromise between line reflections, power dissi- 
pation in the driver, and IR drop in the transmission 
line. If power dissipation and IR drop are still a concern, 
a capacitor may be connected in series with the resistor 
to minimize power loss. 

The value of the capacitor is recommended to be the line 
length (time) divided by 3 times the resistor value. 
Example: if the transmission line is 1,000 feet long, 
(approximately 1000 ns), and the termination resistor 
value is 1800, the capacitor value should be 1852 pF. 
For additional application details, refer to application 
notes AN-22 and AN-108 in the National Semiconductor 
Interface Data Book. 

FAIL-SAFE OPERATION 

Communication systems require elements of a system to 
detect the presence of signals in the transmission lines, 
and it is desirable to have the system shut-down in a 
fail-safe mode if the transmission line is open or short. To 
facilitate the detection of input opens or shorts, the 
DS78LS1 20/DS88LS1 20 incorporates an input threshold 
voltage offset. This feature will force the line receiver 
to a specific logic state if presence of either fault is a 
condition. 

Given that the receiver input threshold is ±200 mV, 
an input signal greater than ±200 mV insures the receiver 
will be in a specific logic state. When the offset control 
input (pins 1 and 15) is connected to Vqc = 5V, the 


input thresholds are offset from 200 mV to 700 mV, 
referred to the non-inverting input, or —200 mV to 
—700 mV, referred to the inverting input. Therefore, 
if the input is open or short, the input will be greater 
than the input threshold and the receiver will remain in 
a specified logic state. 

The input circuit of the receiver consists of a 5k resistor 
terminated to ground through 120f2 on both inputs. 
This network acts as an attenuator, and permits opera- 
tion with common-mode input voltages greater than 
±15V. The offset control input is actually another input 
to the attenuator, but its resistor value is 56k. The off- 
set control input is connected to the inverting input 
side of the attenuator, and the input voltage to the 
amplifier is the sum of the inverting input plus 0.09 
times the voltage on the offset control input. When the 
offset control input is connected to 5V the input ampli- 
fier will see VinonverTING) + °’ 45V or ^(IN- 
VERTING) + 0..9V when the control input is connected 
to 10V. The offset control input will not significantly 
affect the differential performance of the receiver over 
its common-mode operating range, and will not change 
the input impedance balance of the receiver. 

It is recommended that the receiver be terminated 
(500f2 or less) to insure it will detect an open circuit in 
the presence of noise. 

The offset control can be used to insure fail-safe opera- 
tion for unbalanced interface (RS423) or for balanced 
interface (RS422) operation. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input was 
open. Connecting the offset to 5V offsets the receiver 
threshold 0.45V. The output is forced to a logic zero 
state if the input is open or short. 


Unbalanced RS423 and RS232 Fail-Safe 




INPUT VOLTAGE 
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Application Hints (Continued) 


Balanced RS422 Fail-Safe 


BALANCED 
LINE DRIVER 






INPUT VOLTAGE 


For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic state. 
Receivers A and B will be in a logic zero state allowing 
the NOR gate to detect the short or open condition. 
The strobe will disable receivers A and B and may 
therefore be used to sample the fail-safe detector. 
Another method of fail-safe detection consists of filter- 
ing the output of the NOR gate D so it would not 
indicate a fault condition when receiver inputs pass 
through the threshold region, generating an output 
transient. 


In a communications system, only the control signals 
are required to detect input fault conditions. Advantages 
of a balanced data transmission system over an unbal- 
anced transmission system are: 

1. High noise immunity 

2. High data ratio 

3 Long line lengths 


Truth Table (For Balanced Fail-Safe) 


INPUT 

STROBE 

A-OUT 

B-OUT 

C-OUT 

D-OUT 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

X 

1 

0 

0 

X 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

0 

X 

0 

1 

' 1 

0 

0 
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Integrated Circuits for 
Digital Data Transmission 


INTRODUCTION 


1 


It is frequently necessary to transmit digital data 
in a high-noise environment where ordinary inte- 
grated logic circuits cannot be used because they 
do not have sufficient noise immunity. One solu- 
tion to this problem, of course, is to use high- 
noise-immunity logic. In many cases, this approach 
would require worst case logic swings of 30V, 
requiring high power-supply voltages. Further, 
considerable power would be needed to transmit 
these voltage levels at high speed. This is especially 
true if the lines must be terminated to eliminate 
reflections, since practical transmission lines have a 
low characteristic impedance. 

A much better solution is to convert the ground 
referred digital data at the transmission end into a 
differential signal and transmit this down a bal- 
anced, twisted-pair line. At the receiving end, any 
induced noise, or voltage due to ground-loop cur- 
rents, appears equally on both ends of the 
twisted-pair line. Hence, a receiver which responds 
only to the differential signal from the line will 
reject the undesired signals even with moderate 
voltage swings from the transmitter. 

Figure 1 illustrates this situation more clearly. 
When ground is used as a signal return as in Fig- 
ure la, the voltage seen at the receiving end will be 
the output voltage of the transmitter plus any 
noise voltage induced in the signal line. Hence, the 
noise immunity of the transmitter-receiver com- 
bination must be equal to the maximum expected 
noise from both sources. 

The differential transmission scheme diagrammed 
in Figure 1b solves this problem. Any ground noise 
or voltage induced on the transmission lines will 
appear equally on both inputs of the receiver. The 
receiver responds only to the differential signal 
coming out of the twisted-pair line and delivers a 
single-ended output signal referred to the ground 


„ LINE 

NOISE 

LINE 

1 DATA 

TRANSMITTER 

— Q 

RECEIVER 

| OUTPUT 





rh 

GROUND A 

GROUND 

NOISE 

ib 

GROUND B 



a. Single-Ended System 



GROUND A 
b. Differential System 


FIGURE 1. Comparing Differential and Single-Ended 
Data Transmission 


at the receiving end. Therefore, extremely high 
noise immunities are not needed; and the trans- 
mitter and receiver can be operated from the same 
supplies as standard fntegrated logic circuits. 

This article describes the operation and use of a 
line driver and line receiver for transmission sys- 
tems using twisted-pair lines. The transmitter pro- 
vides a buffered differential output from a DTL or 
TTL input signal. A four-input gate is included on 
the input so that the circuit can also perform logic. 
The receiver detects a zero crossing in the differ- 
ential input voltage and can directly drive DTL or 
TTL integrated circuits at the receiving end. It also 
has strobe capability to blank out unwanted input 
signals. Both the transmitter and the receiver in- 
corporate two independent units on a single silicon 
chip. 
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LINE DRIVER 


Figure 2 shows a schematic diagram of the line 
transmitter. The circuit has a marked resemblance 
to a standard TTL buffer. In fact, it is possible to 
use a standard dual buffer as a transmitter. How- 
ever, the DS7830 incorporates additional features. 
For one, the output is current limited to protect 
the driver from accidental shorts in the transmis- 
sion lines. Secondly, diodes on the output clamp 
severe voltage transients that may be induced into 
the transmission lines. Finally, the circuit has 
internal inversion to produce a differential output 
signal, reducing the skew between the outputs and 
making the output state independent of loading. 



FIGURE 2. Schematic Diagram of the DS7830 Line 
Driver 

As can be seen frofn the upper half of Figure 2, a 
quadruple-emitter input transistor, Q9, provides 
four logic inputs to the transmitter. This transistor 
drives the inverter stage formed by Q10 and Q11 


to give a NAND output. A low state logic input on 
any of the emitters of Q9 will cause the base drive 
to be removed from Q10, since Q9 will be 
saturated by current from R8, holding the base of 
Q10 near ground. Hence, Q10 and Q11 will be 
turned off; and the output will be in a high state. 
When all the emitters of Q9 are at a one logic level, 
Q10 receives base drive from R8 through the for- 
ward biased collector-base junction of Q9. This 
saturates Q10 and also Q11, giving a low output 
state. The input voltage at which the transition 
occurs is equal to the sum of the emitter-base turn 
on voltages of Q10 and Q11 minus the saturation 
voltage of Q9. This is about 1 ,4V at 25°C. 

A standard "totem-pole" arrangement is used on 
the output stage. When the output is switched to 
the high state, with Q10 and Q11 cut off, current 
is supplied to the load by Q13 and Q14 which are 
connected in a modified Darlington configuration. 
Because of the high compound current gain of 
these transistors, the output resistance is quite low 
and a large load current can be supplied. RIO is 
included across the emitter-base junction of Q13 
both to drain off any collector-base leakage cur- 
rent in Q13 and to discharge the collector-base 
capacitance of Q13 when the output is switched to 
the low state. In the high state, the output level is 
approximately two diode drops below the positive 
supply, or roughly 3.6V at 25°C with a 5.0V 
supply. 

With the output switched into the low state, Q10 
saturates, holding the base of Q14 about one diode 
drop above ground. This cuts off Q13. Further, 
both the base current and the collector current of 
Q10 are driven into the base of Q1 1 saturating it 
and giving a low-state output of about 0.1V. The 
circuit is designed so that the base of Q1 1 is 
supplied 6 mA, so the collector can drive consider- 
able load current before it is pulled out of 
saturation. 

The primary purpose of R12 is to provide current 
to remove the stored charge in Q11 and charge its 
collector-base capacitance when the circuit is 
switched to the high state. Its value is also made 
enough less than R9 to prevent supply current 
transients which might otherwise occur* when the 
power supply is coming up to voltage. 

*J. Kalb, "Design Considerations for a TTL Gate, 
"National Semiconductor TP-6, May, 1968. 
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The lower half of the transmitter in Figure 2 is 
identical to the upper, except that an inverter 
stage has been added. This is needed so that an 
input signal which drives the output of the upper 
half positive will drive the lower half negative, and 
vice versa, producing a differential output signal. 
Transistors Q2 and Q3 produce the inversion. Even 
though the current gain is not necessarily needed, 
the modified Darlington connection is used to pro- 
duce the proper logic transition voltage on the 
input of the transmitter. Because of the low load 
capacitance that the inverter sees when it is com- 
pletely within the integrated circuit, it is extreme- 
ly fast, with a typical delay of 3 ns. This minimizes 
the skew between the outputs. 

One of the schemes used when dual buffers are 
employed as a differential line driver is to obtain 
the NAND output in the normal fashion and pro- 
vide the AND output by connecting the input of 
the second buffer to the NAND output. Using an 
internal inverter has some distinct advantages over 
this: for one, capacitive loads which slow down 
the response of the NAND output will not intro- 
duce a time skew between the two , outputs; 
secondly, line transients on the NAND output will 
not cause an unwanted change of state on the 
AND output. 

Clamp diodes, D1 through D4, are added on all 
inputs to clamp undershoot. This undershoot and 
ringing can occur in TTL systems because the rise 
and fall times are extremely short. 

Output-current limiting is provided by adding a 
resistor and transistor to each of the complemen- 
tary outputs. Referring again to Figure 2, when 
the current on the NAND output increases to a 
value where the voltage drop across R11 is suffi- 
cient to turn on Q12, the short circuit protection 
comes into effect. This happens because further 
increases in output current flow into the base of 
Q12 causing it to remove base drive from Q14 and, 
therefore, Q13. Any substantial increase in output 
current will then cause the output voltage to col- 
lapse to zero. Since the magnitude of the short 
circuit depends on the emitter base turn-on voltage 
of Q12, this current has a negative temperature 
coefficient. As the chip temperature increases 
from power dissipation, the available short circuit 
current is reduced. The current limiting also serves 
to control the current transient that occurs when 


the output is going through a transition with both 
Q1 1 and Q13 turned on. 

The AND output is similarly protected by R6 and 
Q5, which limit the maximum output current to 
about 100 mA, preventing damage to the circuit 
from shorts between the outputs and ground. 

The current limiting transistors also serve to in- 
crease the low state output current capability 
under severe transient conditions. For example, 
when the current into the NAND output becomes 
so high as to pull Q11 out of saturation, the out- 
put voltage will rise to two diode drops above 
ground. At this voltage, the collector-base junction 
of Q12 becomes forward biased and supplies addi- 
tional base drive to Q1 1 through Q10 which is 
saturated. This minimizes any further increase in 
output voltage. 

When either of the outputs are in the high state, 
they can drive a large current towards ground 
without a significant change in output voltage. 
However, noise induced on the transmission line 
which tries to drive the output positive will cut it 
off since it cannot sink current in this state. For 
this reason, D6 and D8 are included to clamp the 
output and keep it from being driven much above 
the supply voltage, as this could damage the 
circuit. 

When the output is in a low state, it can sink a lot 
of current to clamp positive-going induced voltages 
on the transmission line. However, it cannot 
source enough current to eliminate negative-going 
transients so D5 and D7 are included to clamp 
those voltages to ground. 

It is interesting to note that the voltage swing 
produced on one of the outputs when the clamp 
diodes go into conduction actually increases the 
diffferential noise immunity. For example with 
no induced common mode current, the low-state 
output will be a saturation voltage above ground 
while the high output will be two diode drops 
below the positive supply voltage. With positive- 
going common mode noise on the line, the low 
output remains in saturation; and the high output 
is clamped at a diode drop above the positive 
supply. Hence, in this case, the common mode 
noise increases the differential swing by three 
diode drops. 
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FIGURE 3. High State Output Voltage as a Function of 
Output Current 

Having explained the operation of the line driver, 
it is appropriate to look at the performance in 
more detail. Figure 3 shows the high-state output 
characteristics under load. Over the normal range 
of output currents, the output resistance is about 
10£2. With higher output currents, the short circuit 
protection is activated, causing the output voltage 
to drop to zero. As can be seen from the figure, 
the short-circuit current decreases at higher 
temperatures to minimize the possibility of over- 
heating the integrated circuit. 



OUTPUT SINK CURRENT (mA) 

FIGURE 4. Low-State Output Current as a Function of 
Output Current 

Figure 4 is a similar graph of the low-state output 
characteristics. Here, the output resistance is about 
5£2 with normal values of output current. With 
larger currents, the output transistor is pulled out 
of saturation; and the output voltage increases. 
This is most pronounced at -55°C where the tran- 
sistor current gain is the lowest. However, when 
the output voltage rises about two diode drops 
above ground, the collector-base junction of the 
current-limit transistor becomes forward biased, 


providing additional base drive for the output tran- 
sistor. This roughly doubles the current available 
for clamping positive common-mode transients on 
the twisted-pair line. It is interesting to note that 
even though the output level increases to about 
2 V under this condition, the differential noise 
immunity does not suffer because the high-state 
output also increases by about 3V with positive 
going common-mode transients. 

It is clear from the figure that the low state output 
current is not effectively limited. Therefore, the 
device can be damaged by shorts between the out- 
put and the 5V supply. However, protection 
against shorts between outputs or from the out- 
puts to ground is provided by limiting the high- 
state current. 

The curves in Figures 3 and 4 demonstrate the 
performance of the line driver with large, capaci- 
tively-coupled common-mode transients, or under 



OUTPUT CURRENT (mA) 

FIGURE 5. Differential Output Voltage as a Function of 
Differential Output Current 

gross overload conditions. Figure 5 shows the 
ability of the circuit to drive a differential load: 
that is, the transmission line. It can be seen that 
for output currents less than 35 mA, the output 
resistance is approximately 15J2. At both tempera- 
ture extremes, the output falls off at high currents. 
At high temperatures, this is caused by current 
limiting of the high output state. At low tem- 
peratures, the falloff of current gain in the low- 
state output transistor produces this result. 

Load lines have been included on the figure to 
show the differential output with various load 
resistances. The output swing can be read off from 
the intersection of the output characteristic with 
the load line. The figure shows that the driver can 
easily handle load resistances greater than 100S2. 


1-126 



This is more than adequate for practical, twisted- 
pair lines. 


Figure 6 shows the no load power dissipation, for 
one-half of the dual line driver, as a function of 
frequency. This information is important for two 
reasons. First, the increase in power dissipation at 
high frequencies must be added to the excess 
power dissipation caused by the load to determine 
the total package dissipation. Second, and more 
important, it is a measure of the "glitch" current 
which flows from the positive supply to ground 
through the output transistors when the circuit is 
going through a transition. If the output stage is 
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FIGURE 7. Propagation Time as a Function of Tempera- 
ture 
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SWITCHING FREQUENCY (MHz) 

FIGURE 6. Power Dissipation as a Function of Switching 
Frequency 

not properly designed, the current spikes in the 
power supplies can become quite large; and the 
power dissipation can increase by as much as a 
factor of five between 100 KHz and 10 MHz. The 
figure shows that, with no capacitive loading, the 
power increase with frequencies as high as 10 MHz 
is almost negligible. However, with large capacitive 
loads, more power is required. 

The line receiver is designed to detect a zero cross- 
ing in the differential output of the line driver. 
Therefore, the propagation time of the driver is 
measured as the time difference between the appli- 
cation of a step input and the point where the 
differential output voltage crosses zero. A plot of 
the propagation time over temperature is shown in 
Figure 7. This delay is added directly to the propa- 
gation time of the transmission line and the delay 
of the line receiver to determine the total data- 
propagation time. However, in most cases, the 
delay of the driver is small, even by comparison to 
the uncertainties in the other delays. 


To summarize the characteristics of the DS7830 
line driver, the input interfaces directly with stand- 
ard TTL circuits. It presents a load which is 
equivalent to a fan out of 3 to the circuit driving 
it, and it operates from the 5.0V, ±10% logic 
supplies. The output can drive low impedance lines 
down to 5012 and capacitive loads up to 5000 pF. 
The time skew between the outputs is minimized 
to reduce radiation from the twisted-pair lines, and 
the circuit is designed to clamp common mode 
transients coupled into the line. Short circuit pro- 
tection is also provided. The integrated circuit con- 
sists of two independent drivers fabricated on a 
41x53 mil-square die using the standard TTL 
process. A photomicrograph of the chip is shown 
in Figure 8. 



FIGURE 8. Photomicrograph of the DS7830 Dual Line 
Driver 
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LINE RECEIVER 


As mentioned previously, the function of the line 
receiver is to convert the differential output signal 
of the line driver into a single ended, ground- 
referred signal to drive standard digital circuits on 
the receiving end. At the same time it must reject 
the common mode and induced noise on the trans- 
mission line. 

Normally this would not be too difficult a task 
because of the large signal swings involved. How- 
ever, it was considered important that the receiver 
operate from the +5V logic supply without requir- 
ing additional supply voltages, as do most other 
line receiver designs. This complicates the situation 
because the receiver must operate with ±15V input 
signals which are considerably greater than the 
operating supply voltage. 

The large common mode range over which the cir- 
cuit must work can be reduced with an attenuator 
on the input of the receiver. In this design, the 
input signal is attenuated by a factor of 30. Hence, 
the ±15V common mode voltage is reduced to 
±0.5V, which can be handled easily by circuitry 
operating from a 5V supply. However, the differ- 
ential input signal, which can go down as low as 
±2.4V in the worst case, is also reduced to 
±80 mV. Hence, it is necessary to employ a fairly 
accurate zero crossing detector in the receiver. 

System requirements dictated that the threshold 
inaccuracy introduced by the zero crossing 
detector be less than 17 mV. In principle, this 
accuracy requirement should not pose insurmount- 
able problems because it is a simple matter to 
make well matched parts in an integrated circuit. 

Figure 9 shows d simplified schematic diagram of 
the circuit configuration used for the line receiver. 
The input signal is attenuated by the resistive 
dividers R1-R2 and R8-R3. This attenuated 
signal is fed into a balanced dc amplifier, operating 
in the common base configuration. This input 
amplifier, consisting of Q1 and Q2, removes the 
common mode component of the input signal. 
Further, it delivers an output signal at the 
collector of Q2, which is nearly equal in amplitude 
to the original differential input signal. This 
output signal is buffered by Q6 and drives an 
output amplifier, Q8. The output stage drives the 
logic load directly. 



An understanding of the circuit can be obtained 
by first considering the input stage. Assuming high 
current gains and neglecting the voltage drop 
across R3, the collector current of Q1 will be: 

I V + ~ VbEI ~ VbE3 - VbE4 (1) 
■'Cl - R 1 1 ■ 

With equal emitter-base voltages for all transistors, 
this becomes: 


V + -3V be 
R 1 1 


( 2 ) 


The output voltage at the collector of Q2 will be: 

V c2 = V + -l C2 R 12. (3) 

When the differential input voltage to the receiver 
is zero, the voltages presented to the emitters of 
Q1 and Q2 will be equal. If Q1 and Q2 are 
matched devices, which is easy to arrange when 
they are fabricated close together on a single 
silicon chip, their collector currents will be equal 
with zero input voltage. Hence, the output voltage 
from Q2 can be determined by substituting (2) 
into (3): 


V c 2 = V + (V + - 3V e 


(4) 
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For R11 = R12, this becomes: 


The voltage on the base of Q6 will likewise be 
3 V be when the output is on the verge of switching 
from a zero to a one state. A differential input 
signal which causes Q2 to conduct more heavily 
will then make the output go high, while an input 
signal in the opposite direction will cause the out- 
put to saturate. 

It should be noted that the balance of the circuit is 
not affected by absolute values of components- 
only by how well they match. Nor is it affected by 
variations in the positive supply voltage, so it will 
perform well with standard logic supply voltages 
between 4.5V and 5.5V. In addition, component 
values are chosen so that the collector currents of 
Q4 and Q6 are equal. As a result, the base currents 
of Q4 and Q6 do not upset the balance of the 
input stage. This means that circuit performance is 
not greatly affected by production or temperature 
variations in transistor current gain. 


operation under all conditions. For one, the 
explanation of the simplified circuit ignores the 
fact that the collector current of Q1 will be 
affected by common mode voltage developed 
across R3. This can give a 0.5V threshold error at 
the extremes of the ±15V common mode range. 
To compensate for this, a separate divider, R9 and 
RIO, is used to maintain a constant collector cur- 
rent in Q1 with varying common mode signals. 
With an increasing common mode voltage on the 
non-inverting input, the voltage on the emitter of 
Q1 will increase. Normally, this would cause the 
voltage across R11 to decrease, reducing the col- 
lector current of Q1. However, the increasing com- 
mon mode signal also drives the top end of R11 
through R9 and RIO so as to hold the voltage drop 
across R1 1 constant. 

In addition to improving the common mode rejec- 
tion, R9 also forces the output of the receiver into 
the high state when nothing is connected to the 
input lines. This means that the output will be in a 
pre-determined state when the transmission cables 
are disconnected. 


A complete schematic of the line receiver, shown 
in Figure 10, shows several refinements of the 
basic circuit which are needed to secure proper 


A diode connected transistor, Q5, is also added in 
the complete circuit to provide strobe capability. 
With a logic zero on the strobe terminal, the out- 



FIGURE 10. Complete Schematic of One Half of the DS7820 Line Receiver 
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put will be high no matter what the input signal is. 
With the strobe, the receiver can be made immune 
to any noise signals during intervals where no 
digital information is expected. The output state 
with the strobe on is also the same as the output 
state with the input terminals open. 

The collector of Q2 is brought out so that an 
external capacitor can be used to slow down the 
receiver to where it will not respond to fast noise 
spikes. This capacitor, which is connected between 
the response-time-control terminal and ground, 
does not give exactly-symmetrical delays. The 
delay for input signals which produce a positive- 
going output will be less than for input signals of 
opposite polarity. This happens because the 
impedance on the collector of Q2 drops as Q6 goes 
into saturation, reducing the effectiveness of the 
capacitor. 

Another difference in the complete circuit is that 
the output stage is improved both to provide more 
gain and to reduce the output resistance in the 
high output state. This was accomplished by add- 
ing Q9 and Q10. When the output stage is operat- 
ing in the linear region, that is, on the verge of 
switching to either the high or the low state, Q9 
and Q10 form sort of an active collector load for 
Q8. The current through R15 is constant at 
approximately 2 mA as the output voltage changes 
through the active region. Hence, the percentage 
change in the collector current of Q8 due to the 
voltage change across R17 is made smaller by this 
pre-bias current; and the effective stage gain is 
increased. 

With the output in the high state (Q8 cut off), the 
output resistance is equal to R15, as long as the 
load current is less than 2 mA. When the load cur- 
rent goes above this value, Q9 turns on; and the 
output resistance increases to 1.5K, the value 
of R17. 

This particular output configuration gives a higher 
gain than either a standard DTL or TTL output 
stage. It can also drive enough current in the high 
state to make it compatible with TTL, yet outputs 
can be wire OR'ed as with DTL. 

Remaining details of the circuit are that Q7 is con- 
nected as an emitter follower to make the circuit 
even less sensitive to transistor current gains. R16 
limits the base drive to Q7 with the output 
saturated, while R17 limits the base drive to the 
output transistor, Q8. A resistor, R7, which can be 
used to terminate the twisted-pair line is also in- 
cluded on the chip. It is not connected directly 


across the inputs. Instead, one end is left open so 
that a capacitor can be inserted in series with the 
resistor. The capacitor significantly reduces the 
power dissipation in both the line transmitter and 
receiver, especially in low-duty-cycle applications, 
by terminating the line at high frequencies but 
blocking steady-state current flow in the terminat- 
ing resistor. 

Since line receivers are generally used repetitively 
in a system, the DS7820 has been designed with 
two independent receivers on a single silicon chip. 
The device is fabricated on a 41 x 49 mil-square 
die using the standard six mask planar-epitaxial 
process. The processing employed is identical to 
that used on TTL circuits, and the design does not 
impose any unusual demands on the processing. It 
is only required that various parts within the 
circuit match well, but this is easily accomplished 
in a monolithic integrated circuit without any 
special effort in manufacturing. A photomicro- 
graph of the integrated circuit chip is shown in 
Figure 1 1 . 



FIGURE 1 1. Photomicrograph of the OS7820 Dual Line 
Receiver 


The only components in the circuit which see 
voltages higher than standard logic circuits are the 
resistors used to attenuate the input signal. These 
resistors, R1, R7, R8 and R9, are diffused into a 
separate, floating, N-type isolation tub, so that the 
higher voltage is not seen by any of the transistors. 
For a ±15V input voltage range, the breakdown 
voltages required for the collector-isolation and 
collector-base diodes are only 15V and 19V, 
respectively. These breakdown voltages can be 
achieved readily with standard digital processing. 

The purpose of the foregoing was to provide some 
insight into circuit operation. A more exact 
mathematical analysis of the device is developed in 
Appendix A. 
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RECEIVER PERFORMANCE 


The characteristics of the line receiver are 
described graphically in Figures 12 through 18. 
Figure 12 illustrates the effect of supply voltage 
variations on the threshold accuracy. The upper 
curve gives the differential input voltage required 
to hold the output at 2.5V while it is supplying 
200 p A to the digital load. The lower curve shows 
the differential input needed to hold the output at 
0.4V while it sinks 3.5 mA from the digital load. 
This load corresponds to a worst case fanout of 2 
with either DTL or TTL integrated circuits. The 
data shows that the threshold accuracy is only 
affected by ±60 mV for a ±10% change in supply 
voltage. Proper operation can be secured over a 
wider range of supply voltages, although the error 
becomes excessive at voltages below 4V. 

0.3 i — i — i — i — i — i — i — i — I 


change with common mode voltage. The 
mismatches typically encountered give a threshold 
voltage change of ±100 mV over a ±20V common 
mode range. This change can have either a 
positive slope or a negative slope, 
s 
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FIGURE 12. Differential Input Voltage Required for 
High or Low Output as a Function of Supply Voltage 


FIGURE 14. Voltage Transfer Function 


The transfer function of the circuit is given in 
Figure 14. The loading is for a worst case fanout 
of 2. The digital load is not linear, and this is 
reflected as a non-linearity in the transfer function 
which occurs with the output around 1.5V. These 
transfer characteristics show that the only 
significant effect of temperature is a reduction in 
the positive swing at -55°C. However, the voltage 
available remains well above the 2.5V required by 
digital logic. 


Figure 13 is a similar plot for varying common 
mode input voltage. Again the differential input 
voltages are given for high and low states on the 
output with a worst case fanout of 2. With 
precisely matched components within the 
integrated circuit, the threshold voltage will not 
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FIGURE 13. Differential Input Voltage Required for 
High or Low Output as a Function of Common Mode Voltage 


FIGURE 15. Response Time With and Without an Exter- 
nal Delay Capacitor 

Figure 15 gives the response time, or propagation 
delay, of the receiver. Normally, the delay through 
the circuit is about 40 ns. As shown, the delay can 
be increased, by the addition of a capacitor 
between the response-time terminal and ground, to 
make the device immune to fast noise spikes on 
the input. The delay will generally be longer for 
negative going outputs than for positive going 
outputs. 
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Under normal conditions, the power dissipated in 
the receiver is relatively low. However, with large 
common mode input voltages, dissipation increases 
markedly, as shown in Figure 16. This is of little 
consequence with common mode transients, but 
the increased dissipation must be taken into 
account when there is a dc difference between the 
grounds of the transmitter and the receiver. It is 
important to note that Figure 16 gives the 
dissipation for one half the dual receiver. The total 
package dissipation will be twice the values given 
when both sides are operated under identical 
conditions. 



INPUT VOLTAGE (V) 


FIGURE 16. Internal Power Dissipation as a Function of 
Common Mode Input Voltage 


Figure 17 shows that the power supply current 
also changes with common mode input voltage due 
to the current drawn out of or fed into the supply 
through R9. The supply current reaches a 
maximum with negative input voltages and can 
actually reverse with large positive input voltages. 
The figure also shows that the supply current with 
the output switched into the low state is about 
3 mA higher than with a high output. 



The variation of the internal termination resistance 
with temperature is illustrated in Figure 18.Taking 
into account the initial tolerance as well as the 
change with temperature, the termination resis- 
tance is by no means precise. Fortunately, in most 
cases, the termination resistance can vary 
appreciably without greatly affecting the charac- 
teristics of the transmission line. If the resistor 
tolerance is a problem, however, an external resis- 
tor can be used in place of the one provided within 
the integrated circuit. 



temperature (°C) 

FIGURE 18. Variation of Termination Resistance With 
Temperature 
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DATA TRANSMISSION 


The interconnection of the DS7830 line driver 
with the DS7820 line receiver is shown in Fig- 
ure 19. With the exception of the transmission 
line, the design is rather straightforward. Connec- 
tions on the input of the driver and the output or 
strobe of the receiver follow standard design rules 
for DTL or TTL integrated logic circuits. The load 
presented by the driver inputs is equal to 3 stan- 
dard digital loads, while the receiver can drive a 
worst-case fanout of 2. The load presented by the 
receiver strobe is equal to one standard load. 

The purpose of Cl on the receiver is to provide dc 
isolation of the termination resistor for the trans- 
mission line. This capacitor can both increase the 
differential noise immunity, by reducing attenua- 
tion on the line, and reduce power dissipation in 
both the transmitter and receiver. In some applica- 
tions, Cl can be replaced with a short between 
Pins 1 and 2, which connects the internal termina- 
tion resistor of the DS7820 directly across the 
line. C2 may be included, if necessary, to control 
the response time of the receiver, making it 
immune to noise spikes that may be coupled dif- 
ferentially into the transmission lines. 
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FIGURE 20. Transmission Line Response With Various 
Termination Resistances 

The effect of termination mismatches on the trans- 
mission line is shown in Figure 20. The line was 
constructed of a twisted pair of No. 22 copper 
conductors with a characteristic impedance of 
approximately 170J2. The line length was about 
150 ns and it was driven directly from a DS7830 
line driver. The data shows that termination resis- 
tances which are a factor of two off the nominal 
value do not cause significant reflections on the 
line. The lower termination resistors do, however, 
increase the attenuation. 


LINE DRIVER AND RECEIVER 



1 Exact value depends on line length. 

tV + is 4.5V to 5.5V for both the DS7820 B nd DS7830. 

•Optional to control response time. 
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FIGURE 19. Interconnection of the Line Driver and Line 
Receiver 


1-133 


AN-22 





AN-22 


Figure 21 gives the line-transmission characteristics 
with various termination resistances when a dc 
isolation capacitor is used. The line is identical to 
that used in the previous example. It can be seen 
that the transient response is nearly the same as a 
dc terminated line. The attenuation, on the other 
hand, is considerably lower, being the same as an 
unterminated line. An added advantage of using 
the isolation capacitor is that the dc signal current 
is blocked from the termination resistor which 
reduces the average power drain of the driver and 
the power dissipation in both the driver and 
receiver. 
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FIGURE 21. Line Response for Various Termination 
Resistances With a DC Isolation Capacitor 


The effect of different values of dc isolation 
capacitors is illustrated in Figure 22. This shows 
that the RC time constant of the termination resis- 
tor/isolation capacitor combination should be 2 to 
3 times the line delay. As before, this data was 
taken for a 150 ns long line. 
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FIGURE 22. Response of Terminated Line With Dif- 
ferent DC Isolation Capacitors 

In Figure 23, the influence of a varying ground 
voltage between the transmitter and the receiver is 
shown. The difference in the characteristics arises 
because the source resistance of the driver is not 
constant under all conditions. The high output of 
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FIGURE 23. Line Response With Different Terminations 
and Common Mode Input Voltages 
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the transmitter looks like an open circuit to volt- 
ages reflected from the receiving end of the trans- 
mission line which try to drive it higher than its 
normal dc state. This condition exists until the 
voltage at the transmitting end becomes high 
enough to forward bias the clamp diode on the 5V 
supply. Much of the phenomena which does not 
follow simple transmission-line theory is caused by 
this. For example, with an unterminated line, the 
overshoot comes from the reflected signal charging 
the line capacitance to where the clamp diodes are 
forward biased. The overshoot then decays at a 
rate determined by the total line capacitance and 
the input resistance of the receiver. 

When the ground on the receiver is 15V more 
negative than the ground at the transmitting end, 
the decay with an unterminated line is faster, as 
shown in Figure 23b. This occurs because there is 
more current from the input resistor of the 
receiver to discharge the line capacitance. With a 
terminated line, however, the transmission char- 
acteristics are the same as for equal ground volt- 
ages because the terminating resistor keeps the line 
from getting charged. 


ducts, giving effects which are similar to those 
described for the high output. However, a current 
of about 9 mA is required to do this, so it does not 
happen under normal operating conditions. 

To summarize, the best termination is an RC com- 
bination with a time constant approximately equal 
to 3 times the transmission-line delay. Even 
though its value is not precisely determined, the 
internal termination resistor of the integrated cir- 
cuit can be used because the line characteristics are 
not greatly affected by the termination resistor. 

The only place that an RC termination can cause 
problems is when the data transmission rate 
approaches the line delay and the attenuation 
down the line (terminated) is greater than 3 dB. 
This would correspond to more than 1000 ft. of 
twisted-pair cable with No. 22 copper conductors. 
Under these conditions, the noise margin can dis- 
appear with low-duty-cycle signals. If this is the 
case, it is best to operate the twisted-pair line with- 
out a termination to minimize transmission losses. 
Reflections should not be a problem as they will 
be absorbed by the line losses. 


Figure 23c gives the transmission characteristics 
when the receiver ground is 15V more positive 
than the transmitter ground. When the line is not 
terminated, the differential voltage swing is in- 
creased because the high output of the driver will 
be pulled against the clamp diodes by the common 
mode input current of the receiver. With a dc isola- 
tion capacitor, the differential swing will reach this 
same value with a time constant determined by the 
isolation capacitor and the input resistance of the 
receiver. With a dc coupled termination, the char- 
acteristics are unchanged because the differential 
load current is large by comparison to the com- 
mon mode current so that the output transistors 
of the driver are always conducting. 

The low output of the driver can also be pulled 
below ground to where the lower clamp diode con- 


CONCLUSION 


A method of transmitting digital information in 
high-noise environments has been described. The 
technique is a much more attractive solution than 
high-noise-immunity logic as it has lower power 
consumption, provides more noise rejection, oper- 
ates from standard 5V supplies, and is fully com- 
patible with almost all integrated logic circuits. An 
additional advantage is that the circuits can be 
fabricated with integrated circuit processes used 
for standard logic circuits. 
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APPENDIX A 


LINE RECEIVER 

Design Analysis 


The purpose of this appendix is to derive mathe- 
matical expressions describing the operation of the 
line receiver. It will be shown that the perfor- 
mance of the circuit is not greatly affected by the 
absolute value of the components within the inte- 
grated circuit or by the supply voltage. Instead, it 
depends mostly on how well the various parts 
match. 

The analysis will assume that all the resistors are 
well matched in ratio and that the transistors are 
likewise matched, since this is easily accomplished 
over a broad temperature range with monolithic 
construction. However, the effects of component 
mismatching will be discussed where important. 
Further, large transistor current gains will be 
assumed, but it will be pointed out later that this 
is valid for current gains greater than about 10. 


where V, N is the common mode input voltage and 
R a //R b denotes the parallel connection of the two 
resistors. In Equation (A. 1), R8 = R9, R3 = RIO, 
R10« R11, R9» RIO, R3« R11, R8»R3 


and «3 so it can be reduced to 

R4+2R6+R3 

V + -3V BE -1V 

' C1 R10+R11 + R3 (A ’ 2) 

which shows that the collector current of Q1 is 
not affected by the common mode voltage. 


The output voltage on the collector of Q2 is 

V C2 = V + -I C2 R12 (A. 3) 

For zero differential input voltage, the collector 
currents of Q1 and Q2 will be equal so Equation 
(A. 3) becomes 


A schematic diagram of the DS7820 line receiver 
is shown in Figure A-1. Referring to this circuit, 
the collector current of the input transistor is 
given by 


1 _ V + ~ V BE1 - V BE3 ~ VbE4 

‘ C1 " R9// R10+ R11 + R3 // R8 

R3 R3//R11 w 

_ R4 + 2R6 + R3 BE1 ~ R8 + R3 // R1 IN 
R9// RIO + R11 + R3// R8 


v _ \/+\ R10//R11 

V|N V 1 R9+ RIO// R 1 1 
R9 // RIO + R 1 1 + R3 // R8 


R 1 2( V + -3V 0e --^V + ) 

V C 2=V (A 4) 

C2 R10+R11 + R3 ■'"■‘+1 

It is desired that this voltage be 3V BE so that the 
output stage is just on the verge of switching with 
zero input. Forcing this condition and solving for 
R12 yields 

V + - 3V be 

R12= (R10+ R1 1 + R3) ^ 

V + -3V be -”B7T V + 



FIGURE A-1. Schematic Diagram of One Half 
of the DS7820 Line Receiver 
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This shows that the optimum value of R12 is 
dependent on supply voltage. For a 5V supply it 
has a value of 4.7 kf2. Substituting this and the 
other component values into {A. 4), 

V c2 =2.83V 0E + 0.081 V + , (A. 6) 

which shows that the voltage on the collector of 
Q2 will vary by about 80 mV for a IV change in 
supply voltage. 

The next step in the analysis is to obtain an 
expression for the voltage gain of the input stage. 



FIGURE A-2. Equivalent Circuit Used to Calculate Input 
Stage Gain 

An equivalent circuit of the input stage is given in 
Figure A-2. Noting that R6 = R7 = R8 and 
R2 = 0.1 (R6 + R7//R8), the change in the emitter 
current of Q1 for a change in input voltage is 
0.9 R2 . „ ,. 

R1 (0.9 R2+ R E2 ) AV|N • (A ' n 

Hence, the change in output voltage will be 
AVqut = ol E2 R12 

0.9 a R2 R12 ... <A 

" R1 (0.9 R2 + R E2 j AV|N< (AS) 

Since a = 1 , the voltage gain is 
0.9R2R12 

Avi R1 (0.9 R2 + R E2 ) (A ' 

The emitter resistance of Q2 is given by 

R E2 = -~, (A. 10) 


vviicic l C 2 “ R12 ' 

kT R12 

so R E 2 1 (A. 12) 

E2 q(V+-3V BE ) 

Therefore, at 25°C where V BE = 670 mV and 
kT/q = 26 mV, the computed value for gain is 
0.745. The gain is not greatly affected by tempera- 
ture as the gain at -55° C where V BE = 810mV 
and kT/q = 18 mV is 0.774, and the gain at 125°C 
where V BE =480 mV and kT/q = 34 mV is 0.730. 


Finally, the threshold error due to finite gain in 
the output stage can be considered. The collector 
current of Q7 from the bleeder resistor R14, is 
large by comparison to the base current of Q8, if 
Q8 has a reasonable current gain. Hence, the col- 
lector current of Q7 does not change appreciably 
when the output switches from a logic one to a 
logic zero. This is even more true for Q6, an 
emitter follower which drives Q7. Therefore, it is 
safe to presume that Q6 does not load the output 
of the first-stage amplifier, because of the com- 
pounded current gain of the three transistors, and 
that Q8 is driven from a low resistance source. 

It follows that the gain of the output stage can be 
determined from the change in the emitter-base 
voltage of Q8 required to swing the output from a 
logic one state to a logic zero state. The expression 

AV BE = ~ log e —■ (A. 13) 

9 *C2 

describes the change in emitter-base voltage re- 
quired to vary the collector current from one 
value, l cl , to a second, l c2 . With the output of 
the receiver in the low state, the collector current 
of Q8 is 

i _ V ~ Vql ~ Vbe9 ~ Vbeio 
' OL R17 

. VbE9 V BE8 . V BE7 . , ... 

R15 " R14 R13 ls,NK • (A - 14) 

where V OL is the low state output voltage and 
Isink ,s the current load from the logic that the 
receiver is driving. Noting that R13=2R14 and 
figuring that all the emitter-base voltages are the 
same, this becomes 

i - V + ~ Vol ~ 2Vbe Vbe 
Iol ~ R17 R15 

- 2R _ M + * sink ‘ (A. 15) 

Similarly, with the output in the high state, the 
collector current of Q8 is 


With a voltage gain of 0.75, the results of Equa- 
tion (A. 6) show that the input referred threshold 
voltage will change by 0.11V for a IV change in 
supply voltage. With the standard ±10-percent 
supplies used for logic circuits, this means that the 
threshold voltage will change by less than ±60 mV. 


where Vqh * s the high-level output voltage and 
•source is the current needed to supply the input 
leakage of the digital circuits loading the 
comparator. 


1-137 


AN-22 




AN-22 


With the same conditions used in arriving at 
(A. 15), this becomes 

i - ~ Vqh ~ 2V B e Vbe 

,OH R17 R15 

- 2R^4 - ’source • (A. 17) 

From (A. 13) the change in the emitter-base volt- 
age of Q8 in going from the high output level to 
the low output level is 

AV BE = ~ log e (A. 18) 

M . 'oh 

providing that Q8 is not quite in saturation, al- 
though it may be on the verge of saturation. 


The change of input threshold voltage is then 

AV ™ = l09 * (A ‘ 19) 
9 A V1 'oh 

where A V1 is the input stage gain. With a worst 
case fanout of 2, where V OH = 2.5V, V OL = 0.4V, 
Isource = 40 MA and l s , NK = 3.2 mA, the calcu- 
lated change in threshold is 37 mV at 25°C, 
24 mV at -55°C and 52 mV at 125°C. 

The measured values of overall gain differ . by 
about a factor of two from the calculated gain. 
This is not too surprising because a number of 
assumptions were made which introduce small 
errors, and all these errors lower the gain. It is also 
not too important because the gain is high enough 
where another factor of two reduction would not 
cause the circuit to stop working. 

The main contributors to this discrepancy are the 
non-ideal behavior of the emitter-base voltage of 
Q8 due to current crowding under the emitter and 
the variation in the emitter base voltage of Q7 and 
Q8 with changes in collector-emitter voltage (h RE ). 


Although these parameters can vary considerably 
with different manufacturing methods, they are 
relatively fixed for a given process. The AV BE 
errors introduced by these quantities, if known, 
can be added directly into Equation (A. 18) to 
give a more accurate gain expression. 

The most stringent matching requirement in the 
receiver is the matching of the input stage divider 
resistors: R1 with R8 and R2 with R3. As little as 
1% mismatch in one of these pairs can cause a 
threshold shift of 150 mV at the extremes of the 
±15V common mode range. Because of this, it is 
necessary to make the resistors absolutely identical 
and locate them close together. In addition, since 
R1 and R8 do dissipate a reasonable amount of 
power, they have to be located to minimize the 
thermal gradient between them. To do this, R9 
was located between R1 and R8 so that it would 
heat both of these resistors equally. There are not 
serious heating problems with R2 and R3; how- 
ever, because of their low resistance value, it was 
necessary even to match the lengths of the 
aluminum interconnects, as the resistance of the 
aluminum is high enough to cause intolerable mis- 
matches. Of secondary importance is the matching 
of Q1 and Q2 and the matching of ratios between 
R11 and R12. A 1 mV difference in the emitter- 
base voltages of Q1 and Q2 causes a 30 mV input 
offset voltage as does a 1% mismatch in the ratio 
of R11 to R12. 

The circuit is indeed insensitive to transistor 
current gains as long as they are above 10. The 
collector currents of Q4 and Q6 are made equal so 
that their base currents load the collectors of Q1 
and Q2 equally. Hence, the input threshold voltage 
is affected only by how well the current gains 
match. Low current gain in the output transistor, 
Q8, can cause a reduction in gain. But even with a 
current gain of 10, the error prodbced in the input 
threshold voltage is less than 50 mV. 


1-138 



Transmission 
Line Characteristics 


National Semiconductor 
Bill Fowler 
May 1974 


INTRODUCTION 

Digital systems generally require the transmission of 
digital signals to and from other elements of the system. 
The component wavelengths of the digital signals will 
usually be shorter than the electrical length of the cable 
used to connect the subsystems together and, therefore, 
the cables should be treated as a transmissions line. In 
addition, the digital signal is usually exposed to hostile 
electrical noise source which will require more noise 
immunity then required in the individual subsystems 
environment. 

The requirements for transmission line techniques and 
noise immunity are recognized by the designers of sub- 
systems and systems, but the solution used vary con- 
siderably. Two widely used example methods of the 
solution are shown in Figure 1. The two methods 

UNBALANCED METHOD 




illustrated use unbalanced and balanced circuit tech- 
niques. This application note will delineate the char- 
acteristics of digital signals in transmission lines and 
characteristics of the line that effect the quality, and will 
compare the unbalanced and balanced circuits perfor- 
mance in digital systems. 


The cables used to transmit digital signals external to a 
subsystem and in route between the subsystem, are 
exposed to external electromagnetic noise caused by 


switching transients from actuating devices of neighbor- 
ing control systems. Also external to a specific sub- 
system, another subsystem may have a ground problem 
which will induce noise on the system, as indicated in 
Figure 2. 


me / 



INDUCED NOISE ALONG CABLE ROUTE 
GROUND PROBLEMS IN ASSOCIATED EQUIPMENT 

FIGURE 2. External Noise Sources 

The signals in adjacent wires inside a cable may induce 
electromagnetic noise on other wires in the cable. The 
induced electromagnetic noise is worse when a line ter- 
minated at one end of the cable is near to a driver at the 
same end, as shown in Figure 3. Some noise may be 



FIGURE 3. Internal Noise Sources 

induced from relay circuits which have very large tran- 
sient voltage swings compared to the digital signals in the 
same cable. Another source of induced noise is current 
in the common ground wire or wires in the cable. 


1-139 


AN-108 




AN-108 


DISTORTION 

The objective is the transmission and recovery of digital 
intelligence between subsystems, and to this end, the 
characteristics of the data recovered must resemble the 
data transmitted. In Figure 4 there is a difference in the 
pulse width of the data and timing signal transmitted, 
and the corresponding signal received. In addition there 
is a further difference in the signal when the data is 
"AND"ed with the timing signal. The distortion of the 
signal occurred in the transmission line and in the line 
driver and receiver. 
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FIGURE 4. Effect of Distortion 


A primary cause of distortion is the effect the transmis- 
sion line has on the rise time of the transmitted data. 
Figure 5 shows what happens to a voltage step from the 
driver as it travels down the line. The rise time of the 
signal increases as the signal travels down the line. This 
effect will tend to affect the timing of the recovered 
signal. 



FIGURE 5. Signal Response at Receiver 



FIGURE 6. Signal Rise Time 


The rise time in a transmission line is not an exponential 
function but a complementary error function. The high 
frequency components of the step input are attenuated 
and delayed more than the low frequency components. 
This attenuation is inversely proportional to the fre- 
quency. Notice in Figure 6 particularly that the signal 
takes much longer to reach its final dc value. This effect 
is more significant for fast risetimes. 

The Duty Cycle of the transmitted signal also causes 
distortion. The effect is related to the signal rise time as 
shown in Figure 7 . The signal doesn't reach one logic 
level before the signal changes to another level. If the 
signal has a 1/2 (50%) Duty Cycle and the threshold of 
the receiver is halfway between the logic levels, the dis- 
tortion is small. But if the Duty Cycle is 1/8 as shown in 
the second case the signal is considerably distorted. In 
some cases, the signal may not reach the receiver thresh- 
old at all. 
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FIGURE 7. Signal Distortion Due to Duty Cycle 


In the previous example, it was assumed that the 
threshold of the receiver was halfway between the ONE 
and ZERO logic levels. If the receiver threshold isn't 
halfway the receiver will contribute to the distortion of 
the recovered signal. As shown in Figure 8, the pulse 
time is lengthened or shortened, depending on the 
polarity of the signal at the receiver. This is due to the 
offset of the receiver threshold. 
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FIGURE 8. Slicing Level Distortion 


UNBALANCED METHOD 


Another source of distortion is caused by the IR losses 
in the wire. Figure 9 shows the IR losses that occur in a 
thousand feet of no. 22 AWG wire. Notice in this 
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example that the losses reduce the signal below the 
threshold of the receiver in the unbalanced method. Also 
that part of the IR drop in the ground wire is common 
to other circuits— this ground signal will appear as a 
source of noise to the other unbalanced line receivers in 
the system. 



termination until it reaches its final dc value. In both the 
rise and fall time diagrams, there are transient voltage 
and current signals that subtract from the particular 
signal and add to the system noise. 
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FIGURE 11. Line Reflection Diagram of Rise Time 


FIGURE 9. Unbalanced Method 

Transmission lines don't necessarily have to be perfectly 
terminated at both ends, (as will be shown later) but the 
termination used in the unbalanced method will cause 
additional distortion. Figure 10 shows the signal on the 
transmission line at the driver and at the receiver. In this 
case the receiver was terminated in 120S2, but the char- 
acteristic impedance of the line is much less. Notice that 
the wave forms have significant steps due to the 
incorrect termination of the line. The signal is subject to 
misinterpretation by the line receiver during the period 
of this signal transient because of the distortion caused 
by Duty Cycle and attenuation. In addition, the noise 
margin of the signal is reduced. 
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-SIGNAL AT RECEIVER 


FIGURE 12. Line Reflection Diagram of Fall Time 
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FIGURE 10. LM75451, DM7400 Line Voltage Waveforms 

The signal waveforms on the transmission line can be 
estimated before hand by a reflection diagram. Figure 11 
shows the reflection diagram of the rise time wave 
forms. The voltage versus current plot on left is used to 
predict the transient rise time of the signal shown on the 
right. The initial condition on the transmission line is an 
IR drop across the line termination. The first transient 
on the line traverses from this initial point to zero cur- 
rent. The path it follows corresponds to the character- 
istic impedance of the line. The second transient on the 
diagram is at the line termination. As shown, the signal 
reflects back and forth until it reaches its final dc value. 

Figure 12 shows the reflection diagram of the fall time. 
Again the signal reflects back and forth between the line 


BALANCED METHOD 

In the balanced method shown in Figure 13, the tran- 
sient voltages and currents on the line are equal and 
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INPUT BALANCED LINE SIGNAL OUTPUT 

THE GROUND LOOP CURRENT IS MUCH LESS THAN SIGNAL CURRENT 

FIGURE 13. Cross Talk of Signals 

opposite and cancel each others noise. Also unlike the 
unbalanced method, they generate very little ground 
noise. As a result, the balanced circuit doesn't contribute 
to the noise pollution of its environment. 
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The circuit used for a line receiver in the balanced 
method is a differential amplifier. Figure 14 shows a noise 
transient induced equally on line A and line B from line 
C. Because the signals on line A and B are equal, the 
signals are ignored by the differential line receiver. 


Likewise for the same reason, the differential signals on 
line A and B from the driver will not induce transients on 
line C. Thus, the balanced method doesn't generate noise 
and also isn't susceptible to noise. On the other hand 
the unbalanced method is more sensitive to noise and 
also generates more noise. 





DIFFERENCE SIGNAL (A-B) 



FIGURE 14. Cross Talk of Signals 


an unbalance reflection at the terminator. Therefore, the 
lines should also be terminated for unbalanced signals. 
Figure 16 shows the perfect termination configuration 
of a balanced transmission line. This termination method 
is primarily required for accurate impedance measure- 
ments. 


UNBALANCED 
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FIGURE 16. Impedance Measurement 
MEASURED PERFORMANCE 

The unbalanced method circuit used in this application 
note up to this point is the unbalanced circuit shown in 
Figure 1. The termination of its transmission line was 
greater than the characteristic impedance of the unbal- 
anced line and the circuit had considerable threshold 
offset. The measured performance of the unbalanced cir- 
cuit wasn't comparable to the balanced method. There- 
fore, for the following comparison of unbalanced and 
balanced circuits, an improved termination shown in 
Figure 17 will be used. This circuit terminates the line in 
60^2 and minimized the receiver threshold offset. 


The characteristic impedance of the unbalanced trans- 
mission line is less than the impedance of the balanced 
transmission line. In the unbalanced method there is 
more capacitance and less inductance than in the bal- 
anced method. In the balance method the Reactance to 
adjacent wires is almost cancelled (see Figure 15). As a 
result a transmission line may have a 60£2 unbalanced 
impedance and a 90Q balanced impedance. This means 
that the unbalanced method, which is more susceptible 
to IR drop, must use a smaller value termination, which 
will further increase the IR drop in the line. 
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FIGURE 15. Zq Unbalanced < Zq Balanced 


The impedance measurement of an unbalance and balance 
line must be made differently. The balanced impedance 
must be measured with a balanced signal. If there is any 
unbalance in the signal on the balanced line, there will be 



FIGURE 17. Improved Unbalanced Method 


A plot of the Absolute Maximum Data Rate versus cable 
type is shown in Figure 18. The graph shows the dif- 
ferent performances of the DM7820A line receiver and 
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FIGURE 18. Data Rate vs Cable Type 
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FIGURE 19. Data Rate vs Duty Cycle 


LINE TERMINATION RESISTANCE (OHMS) 
FIGURE 20. Data Rate vs Line Termination 
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FIGURE 21. Data Rate vs Distorion of 
LM75452, DM7400 


the DM7830 line driver circuits with a worse case 1/8 
Duty Cycle in no. 22 AWG stranded wire cables. In a 
single twisted pair cable there is less reactance than 
in a cable having nine twisted pairs and in turn this 
cable has less reactance than shielded pairs. The line 
length is reduced in proportion to the increased line 
attenuation which is proportional to the line reactance. 
The plot shows that the reactance and attenuation has a 
significant effect on the cable length. Absolute Maxi- 
mum Data Rate is defined as the Data Rate at which the 
output of the line receiver is starting to be degraded. The 
roll off of the performance above 20 mega baud is due 
to the circuit switching response limitation. 

Figure 19 shows the reduction in Data Rate caused by 
Duty Cycle. It can be observed that the Absolute Maxi- 
mum Duty Rate of 1/8 Duty Cycle is less than 1/2 Duty 
Cycle. The following performance curves will use 1/8 
Duty Cycle since it is the worst case. 

Absolute Maximum Duty Rate versus the Line 
Termination Resistance for two different lengths of 
cable is shown in Figure 20. It can be seen from the 
figure that the termination doesn't have to be perfect in 
the case of balanced circuits. It is better to have a termi- 
nation resistor to minimize the extra transient signal 
reflecting between the ends of the line. The reason the 
Data Rate increases with increased Termination Resist- 
ance is that there is less IR drop in the cable. 

The graphs in Figure 21 shows the Data Rate versus the 
Line Length for various percentage of timing distortion 
using the unbalanced LM75452 and DM7400 circuits 
shown in Figure 17. The definition of Timing Distortion 
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LINE LENGTH (FT) 


is the percentage difference in the pulse width of the 
data sent versus the data received. 

Data Rate versus the Line Length for various percentage 
of timing distortion using the balanced DM7820A and 
DM7830 circuit is shown in Figure 22. The distortion of 
this method is improved over the unbalanced method, as 
was previously theorized. 

The Absolute Maximum Data Rate versus Line Lengths 
shown in the previous two figures didn't include any 
induced signal noise. Figure 23 shows the test configura- 
tion of the unbalanced circuits which was used to 



FIGURE 22. Data Rate vs Distorion of DM7820A, DM7830 


8 NEAR END 
NOISE GENERATORS 

FIGURE 23. Signal Cross Talk Experiment Using 
DM75452, DM7400 

measure near end cross talk noise. In this configuration 
there are eight line drivers and one receiver at one end of 
the cable. The performance of the receiver measured in 
the presence of the driver noise is shown in Figure 24. 


1-143 


AN-108 





Figure 24 shows the Absolute Maximum Duty Rate of 
the unbalanced method versus line length and versus the 
number of line drivers corresponding to the test con- 
figuration delineated in Figure 23. In the noise measure- 
ment set-up there was a ground return for each signal 
wire. If there is only one ground return in the cable the 
performance is worse. The graph shows that the effective 
line length is drastically reduced as additional Near End 
Drivers are added. When this performance is compounded 
by timing distortion the performance is further reduced. 



FIGURE 24. Data Rate vs Signal Cross Talk of 
LM75452, DM7400 


noise similar to the unbalance performance shown in the 
previous figure. Unlike the unbalanced case, there was 
no measurable degradation of the circuits Data Rate or 
distortion. 

CONCLUSION 

National has a full line of both Balanced and Unbalanced 
Line Drivers and Receivers. Both circuit types work well 
when used within their limitations. This application note 
shows that the balanced method is preferable for long 
lines in noisy electrical evironments. On the other hand 
the unbalanced circuit works perfectly well with shorter 
lines and reduced data rates. It should be kept in mind 
that when you are spending $500,000 for a CPU and 
$75,000 for peripherals, it pays to investigate the best 
way to transmit data between them. 

DEFINITION OF BAUD RATE 
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Figure 25 shows the test configuration of the balanced 
circuit used to generate worst case Near End cross talk 
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FIGURE 25. Signal Cross Talk Experiment Using 
DM7830, DM7820A 


The data in this note was plotted versus Baud Rate. 
The minimum unit interval reflected the worse case 
conditions and also normalized the diagrams so that 
the diagrams were independent of duty cycle. If the 
duty cycle is 50% then the Baud Rate is twice the 
Bit Rate. 
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With the advent of the microprocessor, logic designs 
have become both sophisticated and modular in concept. 
Frequently the modules making up the system are 
very closely coupled on a single printed circuit board 
or cardfile. In a majority of these cases a standard bus 
transceiver will be adequate. However because of the 
distributed intelligence ability of the microprocessor, 
it is becoming common practice for the peripheral 
circuits to be physically separated from the host pro- 
cessor with data communications being handled over 
cables (e.g. plant environmental control or security 
system). And often these cables are measured in hun- 
dreds or thousands of feet as opposed to inches on a 
backplane. At this point the component wavelengths 
of the digital signals may become shorter than the 
electrical length of the cable and consequently must 
be treated as transmission lines. Further, these signals 
are exposed to electrical noise sources which may 
require greater noise immunity than the single chassis 
system. 

It is the object of this application note to underscore 
the more important design requirements for balanced 
and unbalanced transmission lines, and to show that 
National's DS1691 driver and DS78LS120 receiver 
meet or exceed all of those requirements. 

THE REQUIREMENTS 

The requirements for transmission lines and noise 
immunity have been adequately recognized by National 


Semiconductor's application note AN-108 and E.I.A. 
standards RS-422 (balanced) and RS-423 (unbalanced). 
A summary review of these notes will show that the 
controlling factors in a voltage digital interface are: 

1 ) The cable length 

2) The modulation rate 

3) The characteristic of the interconnection cable 

4) The rise time of the signal 


RS-422 and RS-423 contain several useful guidelines 
relative to the choice of balanced circuits versus un- 
balanced circuits. Figures la and lb are the digital 
interface for balanced (la) and unbalanced (1b) circuits. 

Even though the unbalanced interface circuit is intended 
for use at lower modulation rates than the balanced 
circuit, its use is not recommended where the following 
conditions exist: 

1) The interconnecting cable is exposed to noise 
sources which may cause a voltage sufficient 
to indicate a change of binary state at the load. 

2) It is necessary to minimize interference with 
other signals, such as data versus clock. 

3) The interconnecting cable is too long electrically 
for unbalanced operation (Figure 2) 



R t = Optional cable termination resistance/receiver input impedance. A', B' = Load interface 

VgrouND = Ground potential difference C = Driver circuit ground 

A. B = Driver interface C' = Load circuit ground 

FIGURE la. RS-422 Balanced Digital Interface Circuit 



Legend: 



R t = Transmission line termination and/or receiver input impedance A', B' = Load interface 

VqrouND = Ground potential difference C = Driver circuit ground 

A, C = Driver interface C' = Load circuit ground 


FIGURE 1b. RS-423 Unbalanced Digital Interface Circuit 
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CABLE LENGTH 


While there is no maximum cable length specified, 
guidelines are given with respect to conservative oper- 
ating distances as a function of modulation rate. Figure 
2 is a composite of the guidelines provided by RS-422 
and RS-423 for data modulation versus cable length. 
The data is for 24 AWG twisted pair cable terminated 
for worst case (due to IR drop) in a 100 Ohm load, 
with rise and fall times equal to or less than one half 
unit interval at the applied modulation rate. 

The maximum cable length between driver and load 
is a function of the baud rate. But it is influenced by: 

1) A maximum common noise range of ±7 volts 

A) The amount of common-mode noise 
Difference of driver and receiver ground po- 
tential plus driver offset voltage and coupled 
peak random noise. 

B) Ground potential differences between driver 
and load. 

C) Cable balance 

Differential noise caused by imbalance bet- 
ween the signal conductor and the common 
return (ground) 

2) Cable termination 

At rates above 200 kilobaud or where the rise 
time is 4 times the one way propagation delay 
time of the cable (RS-422 Sec 7.1.2) 

3) Tolerable signal distortion 

MODULATION RATE 

Section 3 of RS-422 and RS-423 states that the un- 
balanced voltage interface will normally be utilized 
on data, timing or control circuits where the modulation 
rate on these circuits is below 100 kilobauds, and bal- 
anced voltage digital interface on circuits up to 10 
megabauds. The voltage digital interface devices meeting 
the electrical characteristics of this standard need 
not meet the entire modulation range specified. They 
may be designed to operate over narrower ranges to 
more economically satisfy specific applications, par- 
ticularly at the lower modulation rates. 


As pointed out in AN-108, the duty cycle of the trans- 
mitted signal contributes to the distortion. The effect 
is the result of rise time. Due to delay and attenuation 
caused by the cable, it is possible due to AC averaging 
of the signal, to be unable to reach one binary level 
before it is changed to another. If the duty cycle is 
1/2 (50%) and the receiver threshold is midway between 
logic levels, the distortion is small. However if the duty 
cycle were 1/8 (12.5%) the signal would be consider- 
ably distorted. 


CHARACTERISTICS 
Driver Unbalanced (RS-423) 

The unbalanced driver characteristics as specified by 
RS-423 Sec 4.1 are as follows: 

1) A driver circuit should be a low impedance (50 
Ohms or less) unbalanced voltage source that 
will produce a voltage applied to the intercon- 
necting cable in the range of 4 volts to 6 volts. 

2) With a test load of 450 Ohms connected between 
the driver output terminal and the driver circuit 
ground, the magnitude of the voltage (VT) mea- 
sured between the driver output and the driver 
circuit ground shall not be less than 90% of the 
magnitude for either binary state. 

3) During transitions of the driver output between 
alternating binary states, the signal measured 
across a 450 Ohm test load connected between 
the driver output and circuit ground should be 
such that the voltage monotonically changes 
between 0.1 and 0.9 of VsS- Thereafter, the 
signal shall not vary more than 10% of VsS 
from the steady state value, until the next binary 
transition occurs, and at no time s hall the in- 
stantaneous magnitude of VT and VT exceed 
6 volts, nor be less than 4 volts. V$s is defined 
as the voltage difference between the 2 steady 
state values of the driver output. 



Illlllllllllllllll 




Ik 10k 100k 1M ION! 

DATA MODULATION RATE (BAUDS) 


FIGURE 2. Data Modulation Rate vs Cable Length 
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Interval Per Bit T2 


Minimum Unit Interval T1 


FIGURE 3a. Definition of Baud Rate 


1/2 DUTY 
CYCLE DATA 


1/2 DUTY CYCLE 
LINE RESPONSE V TH 


1/8 DUTY 
CYCLE DATA 



1/8 DUTY CYCLE u 
LINE RESPONSE TH 



FIGURE 3b. Signal Distortion Due to Duty Cycle 




V SS = IV t — V t | 

V$s = Difference in steady state voltages. 

FIGURE 4. Unbalanced Driver Output Signal Waveform 
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Driver Balanced (RS-422) 


The balanced driver characteristics as specified by 
RS-422 Sec 4.1 are as follows: 

1) A driver circuit should result in a low impedance 
(100 Ohms or less) balanced voltage source that 
will produce a differential voltage applied to the 
interconnecting cable in the range of 2 volts to 
6 volts. 

2) With a test load of 2 resistors, 50 Ohms each, 
connected in series between the driver output 
terminals, the magnitude of the differential 
voltage (VT) measured between the 2 output 
terminals shall not be less than either 2.0 volts 
or 50% of the magnitude of Vo, whichever is 
greater. For the opposite bi nary state the polar- 
ity of VT shall be reversed (VT). The magnit ude 
of the difference in the magnitude of VT and VT 
shall be less than 0.4 volts. The magnitude of the 
driver offset voltage (Vos) measured between 
the center point of the test load and driver circuit 
ground shall not be greater than 3.0 volts. The 
magnitude of the difference in t he m agnitude 
of Vos for one binary state and Vos for the 
opposing binary state shall be less than 0.4 volts. 

3) During transitions of the driver output between 
alternating binary states, the differential signal 
measured across a 100 Ohm test load connected 
between the driver output terminals shall be 


such that the voltage monotonically changes 
between 0.1 and 0.9 of Vss within 0.1 of the 
unit interval or 20 nanoseconds, whichever is 
greater. Thereafter the signal voltage shall not 
vary more than 10% of Vss from the steady 
state value, until the next binary transition occurs, 
and at n o tim e shall the instantaneous magnitude 
of VT or VT exceed 6 volts, nor less than 2 volts. 

Interconnecting Cable 

The characteristics of the interconnecting cable should 
result in a transmission line with a characteristic imped- 
ance in the general range of 100 Ohms to frequencies 
greater than 100 kilohertz, and a DC series loop resis- 
tance not exceeding 240 Ohms. The cable may be 
composed of twisted or untwisted pair (flat cable) 
possessing the characteristics specified in RS-422 Sec 
4.3 as follows: 

1) Conductor size of the 2 wires shall be 24 AWG or 
larger with wire resistance not to exceed 30 
Ohms per 1000 feet per conductor 

2) Mutual pair capacitance between 1 wire in the 
pair to the other shall not exceed 20 pF per foot. 

3) Stray capacitance between 1 wire in the pair 
with all other wires connected to ground, shall 
not exceed 40 pF per foot. 




o.iv ss 


0.9V SS 

1-IVss 


tp = Time duration of the unit interval at the applicable modulation rate. 

t r < 0.1 tp when tp > 200 ns 

t r < 20 ns when tp < 200 ns 

Vss = Difference in steady state voltages 

Vs$=|V t -V t | 

FIGURE 5. Balanced Driver Output Signal Waveform 
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Receiver 

The load characteristics are identical for both balanced 
(RS-422) and unbalanced (RS-423) circuits. Each 
consists of a receiver and optional termination resistance 
as shown in Figure 1 . The electrical characteristics 
single receiver without termination or optional fail- 
safe provisions are specified in RS-422/423 Sec 4.2 
as follows: 

1) Over an entire common-mode voltage range of 
-7 to +7 volts, the receiver shall not require 
a differential input voltage or more than 200 
millivolts to correctly assume the intended binary 
state. The common-mode voltage (Vcm) is defined 
as the algebraic mean of the 2 voltages appearing 
at the receiver input terminals with respect to 
the receiver circuit ground. Reversing the polarity 
of VT shall cause the receiver to assume the 
opposite binary state. This allows for operations 
where there are ground differences caused by 
I R drop and noise of up to ±7 volts. 

2) To maintain correct operation for differential 
input signal voltages ranging between 200 milli- 
volts and 6 volts in magnitude. 

3) The maximum voltage present between either 
receiver input terminal and receiver circuit ground 
shall not exceed 10 volts (3 volt signal plus 7 volts 
common-mode) in magnitude nor cause the 
receiver to operationally fail. Additionally, the 
receiver shall tolerate a maximum differential 
signal of 12 volts applied across its input terminals 
without being damaged. 

4) The total load including up to 10 receivers shall 
not have a resistance greater than 90 Ohms for 
balanced, and 400 Ohms unbalanced at its input 
points and shall not require a differential input 
voltage of greater than 200 millivolts for all 
receivers to assume the correct binary state. 



FIGURE 6. Receiver Input Sensitivity Measurement 


Note: Designers of terminating hardware should be 
aware that slow signal transitions with superim- 
posed noise present may give rise to instability 
or oscillations in the receiving device, and there- 
fore appropriate techniques should be imple- 
mented to prevent such behavior. For example, 
adequate hysteresis and response control may 
be incorporated into the receiver to prevent 
such conditions. 


5) Fail-safe operation per RS-423 Sec 4.2.5 states 
that other standards and specifications using 
the electrical characteristics of the unbalanced 
interface circuit may require that specific inter- 
change leads be made fail-safe to certain fault 
conditions. Where fail-safe operation is required 
by such referencing standards and specifications, 
a provision shall be - incorporated in the load 
to provide a steady binary condition (either 
"1" or "0") to protect against certain fault con- 
ditions (open or shorted cable). 

The designer should be aware that in circuits 
employing pull-up resistors, the resistors used 
become part of the termination. 

SIGNAL RISE TIME 

The signal rise time is a high frequency component 
which causes interference (near end cross-talk) to be 
coupled to adjacent channels in the interconnecting 
cable. The near-end crosstalk is a function of both 
rise time and cable length, and in considering wave 
shaping, both should be considered. Since in the bal- 
anced voltage digital interface the output is comple- 
mentary, there is practically no cross-talk coupled 
and therefore wave shaping is limited to unbalanced 
circuits. 

Per RS-423 Sec 4.1.6, the rise time of the signal should 
be controlled so that the signal has reached 90% of 
Vss between 10% and 30% of the unit interval at the 
maximum modulation rate. Below 1 kilobaud the 
time to reach 90% VgS shall be between 100 and 300 
microseconds. If a driver is to operate over a range 
of modulation rates and employ a fixed amount of 
wave shaping which meets the specification for the 
maximum modulation rate of the operating range, 
the wave shaping is considered adequate for all lesser 
modulation rates. 

However a major cause of distortion is the effect the 
transmission line has on the rise time of the transmitted 
signal. Figure 7 shows the effect of line attenuation 
and delay to a voltage step as it progresses down the 
cable. The increase of the rise time with distance will 
have a considerable effect on the distortion at the 
receiver. Therefore in fixing the amount of wave sha- 
ping employed, caution should be taken not to use 
more than the minimum required. 



TIME 

FIGURE 7. Signal Rise Time on Transmission Line vs 
Line Length 
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DS1691, DS78LS120 
The Driver 


The DS1691/DS3691 are low power Schottky TTL 
line drivers designed to meet the above listed require- 
ments of EIA standard RS-422 and RS-423. They 
feature 4 buffered outputs with high source and sink 
current capability with internal short circuit protection. 
The DS1691/DS3691 employ a mode selection pin 
which allows the circuit to become either a pair of 
balanced drivers (Figure 8) or 4 independent unbalanced 
drivers (Figure 9). When configured for unbalanced 
operation (Figure 10) a rise time control pin allows 
the use of an external capacitor to control rise time 
for suppression of near end cross-talk to adjacent chan- 
nels in the interconnect cable. Figure 11 is the typical 
rise time vs external capacitor used for wave shaping. 

The DS3691 configured for RS-422 is connected VqC = 
5V Vee = OV, and configured for RS-423 connected 
Vcc = 5V Vee = “5V. For applications outside RS-422 
conditions and for greater cable lengths the DS1691/ 
DS3691 may be connected with a Vcc °f 5 volts and 
Vee °f “5 volts. This will create an output which 
is symmetrical about ground, similar to Mil Standard 
188-114. 


When configured as balanced drivers (Figure 8), each 
of the drivers is equipped with an independent TRI- 
STATE® control pin. By use of this pin it is possible 
to force the driver into its high impedance mode for 
applications using party line techniques. 

If the common-mode voltage, between driver 1 and 
all other drivers in the circuit, is small then several 
line drivers (and receivers) may be incorporated into 
the system. However, if the common-mode voltage 
exceeds the TRI-STATE common-mode range of any 
driver, then the signal will become attenuated by that 
driver to the extent the common-mode voltage exceeds 
its common-mode range (See Figure 12, top waveform). 

It is important then to select a driver with a common- 
mode range equal to or larger than the common-mode 
voltage requirement of the system. In the case of RS-422 
and RS-423 the minimum common-mode range would 
be ±7 volts. The DS1692/DS3692 driver is tested to a 
common-mode range of ±10 volts and will operate 
within the requirements of such a system (See Figure 12, 
bottom waveform). 


_n_n_n_ 



j _ Ln_n_ 

"LTLTLT 


FIGURE 8. DS3691 Connected for Balanced Mode Operation 


« _n n tl 


FIGURE 9. DS3691 Connected for Unbalanced Mode Operation 
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DS78 LS 1 20/DS88 LSI 20 
The Receiver 



^ The DS78LS120/DS88LS120 are high performance, can be eliminated by the 50 mV (referred to input) 

dual differential, TTL compatible line receivers which of hysterisis built into the output gate (Figure 14). 

meet or exceed the above listed requirements for both The DS78LS120/DS88LS120 makes use of a response 

balanced and unbalanced voltage digital interface. control pin for the addition of an external capacitor, 

which will not effect the line termination impedance 
The line receiver will discriminate a ±200 millivolt of the interconnect cable. Noise pulse width rejection 

input signal over a full common-mode range of ±10 volts versus the value of the response control capacitor is 

and a ±300 millivolt signal over a full common-mode shown in Figure 15. The combination of the filter 

range of ±15 volts. followed by hysteresis will optimize performance in 

a worse case noise environment. The DS78C120/ 
The DS78LS120/DS88LS120 include response control DS88C120 is identical in performance to the 

for applications where controlled rise and fall times DS78LS120/DS88LS120, except it's compatible with 

and/or high frequency noise rejection are desirable. CMOS logic gates. 

Switching noise which may occur on the input signal 

FAILSAFE TERMI- RESPONSE 

V CC OFFSET -INPUT NATION +INPUT STROBE TIME OUTPUT 


I !Bi EH HH EH HH EH HI I 



FAIL SAFE -INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 
OFFSET NATION TIME 


TOP VIEW 

FIGURE 13. DS78LS120/DS88LS120 Dual Differential Line Receiver 


INPUT 


RESPONSE 

PIN 



FIGURE 14. Application of DS88LS120 Receiver Response Control and Hysteresis 



10 100 Ik 10k 

RESPONSE CONTROL CAPACITOR (pF) 


FIGURE 15. Noise Pulse Width vs Response Control Capacitor. 
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FAIL-SAFE OPERATION 


Communication systems require elements of a system 
to detect the loss of signals in the transmission lines. 
And it is desirable to have the system shut-down in a 
fail-safe mode if the transmission line is open or short. 
To facilitate the detection of input opens or shorts, 
the DS78LS120/DS88LS120 incorporates an input 
threshold voltage offset. This feature will force the 
line receiver to a specific logic state if presence of 
either fault condition exists. 

The receiver input threshold is ±200 millivolts and an 
input signal greater than ±200 millivolts insures the 
receiver will be in a specific logic state. When the offset 
control input is connected to a Vcc = 5 volts, the 
input thresholds are offset from 200 to 700 millivolts, 
referred to the non-inverting input, or -200 to ~700 
millivolts, referred to the inverting input. Therefore, 
if the input is open or short, the input will remain 
in a specific state (See Figure 16). 


It is recommended that the receiver be terminated 
in 500 Ohms or less to insure it will detect an open 
circuit in the presence of noise. 

For unbalanced operation, the receiver would be in an 
indeterminate logic state if the offset control input 
was open. Connecting the offset to +5 volts, offsets 
the receiver threshold 0.45 volts. The output is forced 
to a logic zero state if the input is open or short. 

For balanced operation with inputs short or open, 
receiver C will be in an indeterminate logic state. Re- 
ceivers A and B will be in a logic zero state allowing 
the NOR gate to detect the short or open fault con- 
dition. The "strobe" input will disable the A and B 
receivers and therefore may be used to "sample" the 
fail-safe detector (See Figure 17). 


DRIVER DS369I 


1/2 DS88LS120 



(OFFSET CONTROL 
INPUT OPEN) 



(OFFSET CONTROL 
INPUT = 5V) 


INPUT VOLTAGE 


INPUT VOLTAGE 


FIGURE 16. Fail-Safe Using the DS88LS120 Threshold Offset for Unbalanced Lines 
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DRIVER DS3691 



5V STROBE 


RECEIVED 

DATA 


FAULT 





INPUT VOLTAGE 


FIGURE 17. Fail-Safe Using the DS88LS120 Threshold Offset for Balanced Lines 
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Summary of Electrical 
Characteristics of Some 
Well Known Digital Interface 
Standards 


National Semiconductor 
Application Note 216 
Don Tarver 
December 1978 


FORWARD 


Not the least of the problems associated with the design 
or use of data processing equipment is the problem of 
providing for or, actually, interconnecting the differing 
types and models of equipment to form specific proces- 
sing systems. 

The magnitude of the problem becomes apparent when 
one realizes that every aspect of the electrical, mechani- 
cal and architectural format must be specified. The most 
common of the basic decisions confronting the engineer 
include: 

■ Type of logic (negative or positive) 

■ Threshold levels 

■ Noise immunity 

■ Form of transmission 

• Balanced/unbalanced, terminated/unterminated 

• Unidirectional/bidirectional, simplex/multiplexed 

■ Type of transmission line 

■ Connector type and pin out 

■ Bit or byte oriented 

■ Baud rate 

If each make and/or model of equipment presented a 
unique interface at its I/O ports, "interface" engineering 
would become a major expenditure associated with the 
use of data processing equipment. 

Fortunately, this is not the case as various interested 
or cognizant groups have analyzed specific recurring 
interface areas and recommended "official" standards 
around which common I/O ports could be structured. 
Also, the I/O specifications of some equipment with 
widespread popularity such as the IBM 360/370 com- 
puter and DEC minicomputer have become "defacto" 


standards because of the desire to provide/use equip- 
ment which interconnect to them. 


Compliance with either the "official" or "defacto" 
standards on the part of equipment manufacturers is 
voluntary. Flowever, it is obvious that much can be 
gained and little lost by providing equipment that offers 
either the "official" or "defacto" standard I/O ports. 


As can be imagined, the entire subject of interface in 
data processing systems is complicated and confusing, 
particularly to those not intimately involved in the day- 
to-day aspects of interface engineering or management. 
Flowever, at the component level the questions simplify 
to knowing what standards apply and what circuits or 
components are available to meet the standards. 


This application note summarizes the important electri- 
cal characteristics of the most commonly accepted 
interface standards and offers recommendations on how 
to use National Semiconductor integrated circuits to 
meet those standards. 

1.0 INTRODUCTION 

The interface standards covered in this application 
note are listed in Table I. The body of the text 
expands upon the scope and application of each 
listed standard and summarizes important electrical 
parameters. 


Table II summarizes the National Semiconductor 
IC's applicable to each standard. 
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TABLE I. COMMON LINE DRIVER/RECEIVER INTERFACE STANDARDS SUMMARY 


INTERFACE AREA 

APPLICATION 

STANDARD 

ORIGIN 

COMMENTS 

Data Communications Equip- 

U.S.A. Industrial 

RS232C 

EIA 

Unbalanced, Short Lines 

ment (DCE*) to Data Terminal 


RS422 

EIA 

Balanced, Long Lines 

Equipment (DTE) 


RS423 

EIA 

Unbalanced, RS232 Up- 
Grade 



RS449 

EIA 

System Standard Covering 
Use of RS422, RS423 


International 

CCITT Vol. VIII 

International 

Similar to RS232 



V. 24 

Telephone 




CCITT No. 97 

and Telegraph 

Similar to RS423 



X. 26 

Consultative 




CCITT No. 97 

Committee 

Similar to RS422 



X. 27 




U.S.A. Military 

MIL-STD-188C 

D.O.D. 

Unbalanced, Short Lines 



MIL-STD-188-1 14 

D.O.D. 

Similar to RS422, RS423 



MIL-STD-1397 

Navy 

42k bits/sec 


' 

(NTDS-Slow) 
MIL-STD-1397 
(NTDS— Fast) 

Navy 

250k bits/sec 


U.S. Government, 

FED-STD-1020 


Identical to RS423 


Non-Military 

FED-STD-1030 


Identical to RS422 

Computer to 

IBM 360/370 

System 360/370 

IBM 

Unbalanced Bus 

Peripheral 


Channel I/O 




DEC 

DEC 

DEC 

Unbalanced Bus 


Mini-Computer 

Unibus® 



Instrument to 

Nuclear Instru- 

CAMAC 

NlM 

DTL/TTL 

Computer 

mentation 

(lEEEstd. 583-1975) 

(AEC) 

Logic Levels 


Laboratory Instru- 
mentation 

488 

IEEE 

Unbalanced Bus 

Microprocessor to 

Microprocessor 

Microbus™ 

National 

Short Line; 8-Bit Parallel, 

Interface Devices 

Circuits 


Semiconductor 

Digital Transmission 

Facsimile Equipment 

Facsimile 

RS357 

EIA 

Incorporates RS232 

to DTE 

Transmission 




Automatic Calling Equip- 

Impulse Dialing 

RS366 

EIA 

Incorporates RS232 

ment to DTE 

and Multi-Tone 





Keying 




Numerically Controlled 

Numerically Controlled 

RS408 

EIA 

Short Lines «4 Ft.) 

Equipment to DTE 

Equipment 





*Changed to "Data Circuit— Terminating Equipment" 
©Registered trademark of Digital Equipment Corp. 
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TABLE II. LINE DRIVER/RECEIVER INTEGRATED CIRCUIT 
SELECTION GUIDE FOR DIGITAL INTERFACE STANDARDS (Continued) 


STANDARD 

DESIGNATION 

0°C TO +70° C 


; PART NUMBER 

LINE DRIVER LINE RECEIVER 

] -55°C TO +125°C 0°C TO +70° C I -55°C TO +125°C 


International Standards (CCITT) 


1969 White Book 
Vol. VIII, V. 24 

See RS232C 

Circular No. 97, 
X. 26 

See RS422 

Circular No. 97, 
X. 27 

See RS423 


2.0 DATA TERMINAL EQUIPMENT (DTE) TO DATA technology the EIA, in 1975, introduced 

COMMUNICATIONS EQUIPMENT (DCE) INTER- 2 new specifications covering: 

FACE STANDARDS 

1) Single-ended data transmission at 
2.1 Application modulation rates up to kilobaud* 

(RS423) 

The DTE/DCE standards cover the electrical, 

mechanical and functional interface between/ 2) Balanced data transmission at modu- 

among terminals (i.e., teletypewriters, CRTs, lation rates up to 10 megabaud 

etc.) and communications equipment (i.e., (RS422). 

modems, cryptographic sets, etc.). 


2.2 U.S. Industrial DTE/DCE Standards 


2.2.2. 1 RS423 


2.2.1 EIA RS232C 

The oldest and most widely known DTE/ 
DCE standard. It provides for one-way/ 
non-reversible, single-ended (unbalanced), 
non-terminated line, serial digital data 
transmission. 


FIGURE 1. EIA RS232C Application 


RS423 closely resembles RS232C 
in that it, too, specifies one-way/ 
non-reversible, single-ended, data 
transmission lines. Key differ- 
ences between RS423 and 
RS232C are: 

f 

RS423 RS232 

4V to 6V Logical "1" 5V to 15V Logical “1" 

— 4V to — 6V Logical "0" -5V to -25V Logical "0" 

100k Baud at 40 Feet 20k Baud at 50 Feet 

Balanced Receiver, Referred Unbalanced Receiver 
to Driver Ground, Permitting 
Ground Potential Difference 
Between Driver and Receiver 



Important features are: 

a) Positive logic (±5V min to ±1 5V max) 

b) Fault protection 1 

c) Slew-rate control 

d) 50 feet recommended cable length 
and 20k bits per second data signal- 
ing rate. 

2.2.2 EIA RS422, RS423 



In a move to upgrade system capabilities 

by utilizing state-of-the-art devices and FIGURE 2. EIA RS423 Application 

* Modulation rate = reciprocal of minimum pulsewidth (i.e., 
20 ms pulse = 50 baud) 
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TABLE III. EIA RS232C SPECIFICATION SUMMARY 


to 


PARAMETER 

CONDITIONS 

EIA RS232C j 

UNITS 

MIN 

TYP 

MAX 

Voh Driver Output Voltage Open 




25 

V 

Vol Circuit 


-25 



V 

Voh Driver Output Voltage Loaded 

3k£2<Ri_<7k£2 

5 


15 

V 

Vol Output 


-15 


-5 

V 

RO Driver Output Resistance Power 

— 2V< Vo<2V 



300 

£2 

OFF 






IqS Driver Output Short-Circuit 


-500 


500 

mA 

Current 






Driver Output Slew Rate 






All Interchange Circuits 




30 

V//ts 

Control Circuits 


6 



V/ms 

Rate and Timing Circuits 


6 



V/ms 


% of Unit Interval 

4 



% 

R|N Receiver Input Resistance 

3V< V|N < 25V 

3000 


7000 

£2 

Receiver Open Circuit Input 


-2 


2 

V 

Bias Voltage 






Receiver Input Threshold 






Output = MARK 


-3 



V 

Output = SPACE 




3 

V 


TABLE IV. EIA RS423 SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

[ EIA RS423 | 

UNITS 

MIN 

TYP 

MAX 

v 0 

Driver Unloaded Output Voltage 


4 


6 

V 

Vo 



-4 


-6 

V 

Vt 

Driver Loaded Output Voltage 

R|_ = 450£2 

3.6 



V 

Vt 



-3.6 



V 

Rs 

Driver Output Resistance 




50 

£2 

'os 

Driver Output Short-Circuit 
Current 

< 

O 

o 

< 



±150 

mA 


Driver Output Rise and Fall 

Baud Rate < 1 k Baud 



300 

US 


Time 

Baud Rate > Ik Baud 



30 

% Unit 







Interval 

'ox 

Driver Power OFF Current 

Vo = ±6V 



±100 

ma 

Vth 

Receiver Sensitivity 

VCM<±7V 



±200 

mV 

VCM 

Receiver Common-Mode Range 




±10 

v 

Rin 

Receiver Input Resistance 


4000 



£2 


Receiver Common-Mode Input 
Offset 




±3 

V 
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2.2.2.2 RS422 


RS422 provides for balanced 
data transmission with unidirec- 
tional/non-reversible, terminated 
or non-terminated transmission 
lines. Important features are: 

a) ±2V to ±6V driver output 

b) 0.4V differential output 
matching 

c) ±200 mV receiver input sensi- 
tivity 

d) 10M baud modulation rate 


2.3 International Standards 


2.3.1 CCITT 1969 White Book Vol. VIII, V. 24. 
This standard is identical to RS232C. 


2.3.2 CCITT circular No. 97 Com SPA/13, 
X. 26. This standard is similar to RS422 
with the exception that the receiver 
sensitivity at the specified maximum 
common-mode voltage (±7 V) shall be 
±300 mV vs ±200 mV for RS422. 


2.3.3 CCITT circular No. 97 Com SPA/13, 
X. 27. This standard is similar to RS423 
with 2 exceptions: 

a) The receiver sensitivity is as specified 
in paragraph X. 26, and 

b) The driver output voltage is specified 
at a load resistance of 3.9 k£2. 



DATA 

OUT 


FIGURE 3. EIA RS422 Application 


TABLE V. EIA RS422 SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

EIA RS422 

UNITS 

MIN 

TYP 

MAX 

vo 

Driver Unloaded Output Voltage 




6 

V 

Vo 





-6 

V 

Vt 

Driver Loaded Output Voltage 

rt = ioon 

2 



V 

Vt 



-2 



V 

Rs 

Driver Output Resistance 

Per Output 



50 

n 

'OS 

Driver Output Short-Circuit 
Current 

> 

o 

ii 

o 

> 



150 

mA 


Driver Output Rise Time 




10 

% Unit 







Interval 

•ox 

Driver Power OFF Current 

-0.25V < Vo <6V 



±100 

H A 

Vth 

Receiver Sensitivity 

VCM = ±7V 



200 

mV 

VCM 

Receiver Common-Mode Voltage 


-12 


12 

V 


Receiver Input Offset 


±3 



V 
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2.4 U.S. Military Standards 


2.4.1 MIL-STD-188C (Low Level) 

The military equivalent to RS232C is 
MIL-STD-188C. Devices intended for 


RS232C can be applied to MIL-STD-188C 
by use of external wave shaping com- 
ponents on the driver end and input 
resistance and threshold tailoring on the 
receiver end. 


7 V 



TABLE VI. MIL-STD-188C SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

MIL-STD-188C 
LOW LEVEL LIMITS 

UNITS 

MIN 

TYP 

MAX 

VoH Driver Output Voltage Open Circuit 

(Note 1) 

5 


7 

V 

VOL 


-7 


-5 

V 

RO Driver Output Resistance Power ON 

lOUT < 10 mA 



100 

£2 

lOS Driver Output Short-Circuit Current 


-100 


100 

mA 

Driver Output Slew Rate 






All Interchange Circuits 

(Note 2) 

5 


15 

% IU 

Control Circuits 






Rate and Timing Circuits 






R|N Receiver Input Resistance 

Mod Rate < 200k Baud 

6 



n 

Receiver Input Threshold 






Output = MARK 

(Note 3) 



100 

/tA 

Output = SPACE 


-100 



H A 


Notel: Ripple <0.5%, Vqh, Vql matched to within 10% of each other. 

Note 2: Waveshaping required on driver output such that the signal rise or fall time is 5% to 15% of the unit interval at the applicable modula- 
tion rate. 

Note 3: Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other. 


MIL STD ISt 114 
BALANCED INTERFACE 



FIGURE 5. Ml L-STD-188-1 14 (Balanced Applications) 


1-161 

















AN-216 


2.4.2 MIL-STD-188-114 Balanced 

This standard is similar to RS422 with 
the exception that the driver offset 
voltage level is limited to ±0.4V vs ±3V 
allowed in RS422. 

2.4.3 MIL-STD-188-114 Unbalanced. 

This standard is similar to RS423 with 
the exception that loaded circuit driver 
output voltage at R|_ = 45012 must be 
90% of the open circuit output voltage vs 
±2V at Rg = 100£2 for RS422. 

2.4.4 MIL-STD-1397 (Slow and Fast) 

2.5 U.S. Government (non-military) standards 
FED-STD-1020 and 1030 are identical with- 
out exception to EIA RS423 and RS422, 
respectively. 


3.0 COMPUTER TO PERIPHERAL INTERFACE 
STANDARDS 

To date, the only standards dealing with the inter- 
face between processors and other equipment are 
the "defacto" standards in the form of specifica- 
tions issued by IBM and DEC covering the models 
360/370 I/O ports and the Unibus® . respectively. 

3.1 IBM specification GA-22-6974-0 covers the 
electrical characteristics, the format of informa- 
tion and the control sequences of the data 
transmitted between 360/370's and up to 10 
I/O ports. 

The interface is an unbalanced bus using 95f2, 
terminated, coax cables. Devices connected to 
the bus should feature short-circuit protection, 
hysteresis in the receivers, and open-emitter 
drivers. Careful attention should be paid to 
line lengths and quality in order to limit cable 
noise to less than 400 mV. 


TABLE VII. MIL-STD-1397 SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

COMPARISON LIMITS 
(MIL-STD) 

UNITS 

1397 

(SLOW) 

1397 

(FAST) 


Data Transmission Rate 


42 

250 

k Bits/Sec 

VOH 

Driver Output Voltage 


±1.5 

0 

V 

VOL 



-10 to -15.5 

-3 

V 

lOH 

Driver Output Current 


>-4 • 


mA 

'OL 



1 


mA 

Rs 

Driver Power OFF Impedance 


>100 


k$2 

V|H 

Receiver Input Voltage 

Fail-Safe Open Circuit 

<4.5 

<-1.1 

V 

V|L 



>-7.5 

>-1.9 

V 


I 1 



FIGURE 6. IBM 360/370 I/O Application 
®Registered trademark of Digital Equipment Corp. 
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TABLE VIII. IBM 360/370 SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

! IBM 360/370 j 

UNITS 

MIN 

TYP 

MAX 

VoH Driver Output Voltage 

lOH = 123 mA 



7 

V 

VOH 

IOH = 30pA 



5.85 

V 

VOH 

lOH = 59.3 mA 

3.11 



V 

VOL 

lOL = —240 pA 



0.15 

V 

V|(-| Receiver Input Threshold 




1.7 

V 

V|L Voltage 


0.7 



V 

1 1 h Receiver Input Current 

V|N = 3.11V 



-0.42 

mA 

IlL 

V|N = 0.15V 

0.24 



mA 

Receiver Input Voltage 






Range 






V | r\i Power ON 


BIB 


7 

v 

V|[\j Power OFF 


ESS 


6 

V 

R 1 1 \| Receiver Input Impedance 

0.15V < V|j\j < 3.9V 

7400 



ft 

l|l\l Receiver Input Current 

V||s) = 0.15V 



240 

juA 

Zq CABLE Impedance 


83 


101 

ft 

RO CABLE Termination 

Pq > 390 mW 

90 


100 

ft 

Line Length (Specified as 




400 

mV 

Noise on Signal and Ground Lines) 







5V 



FIGURE 7. DEC Unibus® Application 


TABLE IX. DEC UNIBUS ® SPECIFICATION SUMMARY 


PARAMETER 

CONDITIONS 

DEC UNIBUS 

© 

UNITS 

MIN 

TYP 

MAX 

VqL Driver Output Voltage 

lOL = 50 mA 



0.7 

V 

v 0 

Absolute Maximum 



7 

V 

V|H Receiver Input Voltage 


1.7 



V 

V|L 




1.3 

V 

l|H Receiver Input Current 

V|N = 4V 



100 

juA 

IlL 

V|N = 4V Power OFF 



100 

HA 


3.2 DEC Unibus® 

Another example of an unofficial industry 
standard is the interface to a number of DEC 
minicomputers. This interface, configured as a 
120ft double-terminated data bus is, given the 


name Unibus®. Devices connected to the bus 
should feature hysteresis in the receivers and 
open-collector driver outputs. Cable noise 
should be held to less than 600 mV. 


®Registered trademark of Digital Equipment Corp. 
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4.0 INSTRUMENTATION TO COMPUTER INTER- 
FACE STANDARDS 

4.1 Introduction 

The problem of linking instrumentation to pro- 
cessors to handle real-time test and measure- 
ment problems was largely a custom interface 
problem. Each combination of instruments 
demanded unique interfaces, thus inhibiting the 
wide spread usage of small processors to day-to- 
day test, measurement and control applications. 

Two groups addressed the problem for specific 
environments. The results are: 

a) IEEE 488 bus standard based upon 
proposals made by HP, and 


b) The CAMAC system pioneered by the 
nuclear physics community. 

4.2 IEEE 488 

IEEE 488 covers the functional, mechanical 
and electrical interface between laboratory 
instrumentation (i.e., signal generators, DPM's, 
counters, etc.) and processors such as program- 
mable calculators and minicomputers. Equip- 
ment with IEEE 488 I/O ports can be readily 
daisy chained in any combination of up to 15 
equipments (including processor) spanning dis- 
tances of up to 60 feet. 16 lines (3 handshake, 
5 control and 8 data lines) are required. 


FIGURE 8. IEEE 488 Application 



TABLE X. IEEE 488 SPECIFICATION SUMMARY 



PARAMETER 

CONDITIONS 

VOH 

Driver Output Voltage 

lOH = -5.2 mA 

v OL 

Driver Output Current 

lOL = 48 mA 

•oz 

TRI -STATE® 

Vo = 2.4V 

>OH 

Open Collector 

Vo = 5.25V 

V|H 

V|L 

Receiver Input Voltage 

0.4V Hysteresis Recommended 

•IH 

Receiver Input Current 

V|N = 2.4V 

IlL 


V|N = 0.4V 


Receiver Clamp Current 

V|N = -1.5V 

Rli 

Termination Resistor 

Vcc= 5V (±5%) 

RL2 


V = Gnd 



OUT 


UNITS 


V 

V 


pA 

pA 

V 

V 

pA 

mA 

mA 
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4.3 CAMAC 

The CAMAC system is the result of efforts by 
those in the nuclear physics community to 
standardize the interface between laboratory 
instruments and computers before the introduc- 
tion of IEEE 488. 

It allows either serial or parallel interconnection 
of instruments via a “crate" controller. 

The electrical requirements of the interfaces 
are compatible with DTL and TTL logic levels. 

5.0 MICROPROCESSOR SYSTEMS INTERFACE 
STANDARDS 

5.1 Microprocessor systems are bus organized 
systems with two types of bus requirements: 


a) Minimal system: for data transfer over 
short distances (usually on 1 PC board), 
and, 

b) Expanded system: for data transfer to 

extend the memory or computational 
capabilities of the system. 

5.2 Minimal Systems and Microbus™ 

Microbus™ considers the interface between 
MOS/LSI microprocessors and interfacing 
devices in close physical proximity which com- 
municate over 8-bit parallel unified bus systems. 
It specifies both the functional and electrical 
characteristics of the interface and is modeled 
after the 8060, 8080 and 8900 families of 
microprocessors as shown in Figures 8, 9 and 
10. 

The electrical characteristics of Microbus are 
shown in Table XI. 


1 


TABLE XI. MICROBUS ELECTRICAL SPECIFICATION SUMMARY 


PARAMETER 

DRIVER 

I RECEIVER 

UNITS 

■ 

STANDARD 

HYSTERESIS 

(RECOMMENDED) 

VOL 

Output Voltage (At 1.6 mA) 

<0.4V 




VOH 

(At -100 /jA) 

>2.4V 




V|L 

Input Voltage 


0.8 

0.6 

V 

V|H 



2.0 

2.0 

V 


. Internal Capacitive Load at 25°C 

15 

10 

10 

pF 

tr 

Rise Time (Maximum) 

100 



ns 

tf 

Fall Time (Maximum) 

100 



ns 

r 

; 

MICROBUS 

1 cso . 



CHIP SELECT 
LOGIC 




FIGURE 9. 8060 SC/MP II System Model 
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FIGURE 10. 8080 System Model for the Basic Microbus Interface 
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5.3 Expanded Microprocessor System Interfaces 

Since the outputs of most microprocessor 
devices are limited to a loading of one relative 
to a TTL load, expanded systems will require 
buffers on both their address and data lines. 

To date, no formal standards exist which govern 
this interface. However, "defacto" standards are 
emerging in the form of the specifications for 
"recommended devices" which are mentioned 
in the data sheets and application notes for the 
widely sourced microprocessor devices. Here, 
the answer to the question of how to provide a 
"standard" interface is simplified to that of 
proper usage of recommended devices. 

Table XII summarizes the important electrical 
characteristics of recommended bus drivers for 
expanded microprocessor systems. 

6.0 OTHER INTERFACE STANDARDS 

Some other commonly occurring interfaces which 
have become standardized are: 

a) Interface between facsimile terminals and voice 
frequency communications terminals, 


b) Interface between terminals and automatic 
calling equipment used for data communica- 
tions, and 

c) Interface between numerically controlled equip- 
ment and data terminals. 

6.1 EIA RS357 

RS357 defines the electrical, functional and 
mechanical characteristics of the interface 
between analog facsimile equipment to be used 
for telephone data transmission and the data 
sets used for controlling/transmitting the data. 

Figure 1 1 summarizes the functional and elec- 
trical characteristics of RS357. 

6.2 EIA RS366 

RS366 defines the electrical, functional and 
mechanical characteristics of the interface 
between automatic calling equipment for data 
communications and data terminal equipment. 

The electrical characteristics are encompassed 
by RS232C. 


TABLE XII. RECOMMENDED SPECIFICATION OF BUS DRIVERS FOR EXPANDED MICROPROCESSOR SYSTEMS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

Driver Input Voltage 


2 



V 

V| L 





0.8 

V 

VOH 

Driver Output Voltage 

lOH = — 10 mA 

2.4 



V 

VOL 


lOL = 48 mA 



0.5 

V 

'OS 

Short-Circuit Current 

Vcc = 5.25V 



-150 

mA 

Cl 

Bus Drive Capability 


300 



pF 
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** Receive Sensitivity Source 

ON 3V-25V 5V-25V 

OFF 3V-25V 5V-25V 

FIGURE 12. Functional and Electrical Characteristics of RS357 


6.3 EIARS408 


RS408 recommends the standardization of the 
2 interfaces shown in Figure 13. 

The electrical characteristics of MCE to DTE 
interface are, in summary, those of conven- 
tional TTL drivers (series 7400) with: 


VoL < 0.4V at Iol = 48 mA 
VoH > 2.4V at Ioh < — 1 -2 mA, and 
Cl <2000 pF. 

Short circuit protection should be provided. 
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SWITCHED OR DEDICATED, 
COMMON CARRIER, OR 
PRIVATE LINE TO DATA 
SOURCE/SINK 


(TYPICALLY A MODEM 
IF INCLUDED IN 
SYSTEM) 


(TYPICALLY INCLUDES 
SERIAL TO PARALLEL 
CONVERTER, ETC.) 


(TYPICALLY COULD 
INCLUDE A SWITCH TO 
SELECT EITHER LOCAL 
TAPE READER OR DATA 
TERMINAL EQUIPMENT) 


(TYPICALLY A MACHINE 
TOOL, DRAFTING TABLE, 
ETC.) 


FIGURE 13. EIA RS408 Interface Applications 
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Section 2 

Bus Transceivers 


TEMPERATURE RANGE 


- 55 °C to + 125 °C 

0°C to + 70 °C 

DP7303 

DP8303 

DP7304B 

DP8304B 

DP7307 

DP8307 

DP7308 

DP8308 

DS26S10M 

DS26S10 

DS26S11M 

DS26S11 

— 

DS3662 



AN-259 

— 

AN-337 

— 

DS3666 

— 

DS3667 

_ 

DS75160A 

— 

DS75161A 

— 

DS75162A 

'DS7640 

DS8640 

’DS7641 

DS8641 

— 

DS8642 

'DS7833 

DS8833 

'DS7834 

DS8834 

DS7835 

DS8835 

1 DS7836 

DS8836 

DS7837 

DS8837 

' DS7838 

DS8838 

1 DS7839 

DS8839 

DS8T26AM 

DS8T26A 

'DS8T28M 

DS8T28 

DM54S240 

DM74S240 

DM54S241 

DM74S241 


DESCRIPTION 

8-Bit TRI-STATE Bidirectional Transceivers 
8-Bit TRI-STATE Bidirectional Transceivers 
8-Bit TRI-STATE Bidirectional Transceivers 
8-Bit TRI-STATE Bidirectional Transceivers 
Quad Bus Transceiver 
Quad Bus Transceiver 
Quad High Speed Trapezoidal Bus 
Transceiver 

DS3662— The Bus Optimizer 
Reducing Noise on Microcomputer Buses 
IEEE-488 GPIB Transceiver 
TRI-STATE Bidirectional Transceiver 
IEEE-488 GPIB Transceiver 
IEEE-488 GPIB Transceiver 
IEEE-488 GPIB Transceiver 
Quad NOR Unified Bus Receiver 
Quad Unified Bus Transceiver 
Quad Transceiver 
Quad TRI-STATE Bus Transceiver 
Quad TRI-STATE Bus Transceiver 
Quad TRI-STATE Bus Transceiver 
Quad NOR Unified Bus Transceiver 
Hex Unified Bus Receiver 
Quad Unified Bus Transceiver 
Quad TRI-STATE Bus Transceiver 
4-Bit Bidirectional Bus Transceiver 
4-Bit Bidirectional Bus Transceiver 
Octal TRI-STATE Line Driver/Receiver 
Octal TRI-STATE Line Driver/Receiver 


2 


PAGE 

NUMBER 

2-5, 2-6 
2-5, 2-11 
2-5, 2-16 
2-5, 2-20 
2-24 
2-24 
2-29 

2-33 

2-40 

2-48 

2-56 

2-61 

2-61 

2-61 

2-68 

2-70 

2-72 

2-75 

2-79 

2-75 

2-83 

2-85 

2-87 

2-79 

2-89 

2-89 

LOGIC 

LOGIC 


'Also available screened In accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s "The Reliability Handbook". 




BUS CIRCUITS 


Data bus circuits are not transmission line circuits in the normal interpretation where the transmission line is electrically long (1/4 wave length) with respect 
to the baud rate. Like unbalanced transmission lines, the data transmission is susceptible to common-mode noise, such as ground IR noise and induced reactive 
noise from crosstalk. A bus is a communications method where many elements of a system time share the same signal (address or data) bus. A bus shouldn't 
extend out of its subsystem's electronic enclosure without special care. Line length in excess of 10 feet is not recommended without slew rate control. Cables 
should be in the form of twisted pair or flat cable where a signal wire is alternated with a ground wire. 


OPEIM-COLLECTOR BUS CIRCUITS 


Bus Driver 

Bus Receiver 

Driver/ 

Receiver/ 

Transceiver 

Circuits/ 

Package 

Device Number 

Comments 

Page 

No. 

Propagation 
Delay (ns) 

V| L (V)/ 
lOL (mA) 

Propagation 
Delay (ns) 

V| L (V)/ 
IlL <mA) 

V| H (V)/ 
l|H <M> 

Hysteresis 

(V) 

Commercial 
0°C to +70°C 

Military 

-55°C to +125° C 




1.2/-50 

1.8/50 


Receiver 

4 

DS8640 

DS7640 

Quad NOR receiver 

2-68 




1 .05/— 50 

2.65/50 

1 

Receiver 

4 

DS8836 

DS7836 

Quad NOR receiver 

2-83 



20 

1 .05/— 50 

2.65/50 

1 

Receiver 

6 

DS8837 

DS7837 


2-85 


0.9/100 

40 

1.50/400 

1.9/100 


Transceiver 

4 

DS3662 


Trapezoidal transceiver 

2-29 

IeH 

0.7/50 

30 

1.2/— 100 

1.8/100 


Transceiver ' 

4 

DS8641 

DS7641 


2-70 

20 

0.7/50 

17 

1.05/— 100 

2.65/100 

1 

T ransceiver 

4 

DS8642 



2-72 

20 

0.8/100 

20 

1.3/-40 

3.1/450 

■ 

Transceiver 

4 

DS8838 

DS7838 

50Q coax, driver 

2-87 

10 

0.8/100 

10 

1.75/- 100 

2.25/100 

1 

Transceiver 

4 

DS26S10 

DS26S10M 


2-24 

10 

0.8/100 

10 

1.75/— 100 

2.25/100 

II 

Transceiver 

4 

DS26S11 

DS26S11M 

Input to bus is non-inverting 

2-24 

8 

0.5/50 

7 

0.8/— 500 

2/100 


T ransceiver 

4 

DS36147 

DS16147 

Quad bidirectional I/O register 

6-35 

8 

0.5/50 

7 

0.8/— 500 

2/100 

| 

Transceiver 

4 

DS36177 

DS16177 

Quad bidirectional I/O register 

6-35 

20 

0.7/300 




| 

Driver 

2 

DS75450 

DS55450 

AND separate output transistors 

3-51 

18 

0.7/300 




| ■ 

Driver 

2 

DS75451 

DS55451 

AND 

3-51 

26 

0.7/300 




| 

Driver 

2 

DS75452 

DS55452 

NAND 

3-51 

18 

0.7/300 




| 

Driver 

2 

DS75453 

DS55453 

OR 

3-51 

27 

0.7/300 




|| 

Driver 

2 

DS75454 

DS55454 

NOR 

3-51 



30 

0.95/50 

2/50 

■ 

Receiver 

1 

DM8131 

DM7131 

6 bit bus comparator 

LOGIC 



30 

0.95/50 

2/50 

— 

Receiver 

1 

DM8136 

DM7136 

6 bit bus comparator 

LOGIC 


IO 


epmo uo|pa|0s 
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TRI-STATE® BUS CIRCUITS 

Bus Driver 

Bus Receiver 







Propagation 

V 0 L (V)/ 
lOL (mA) 

V 0 H (V)/ 
lOH (mA) 

Propagation 

V, L (V)/ 
l|L <H A > 

V| H (V)/ 
l|H (MA) 

Hysteresis 

(mV) 

Driver/ 

Circuits/ 

Package 

Device Number 


Page 

No. 

Delay 
Typ (ns) 

Delay 
Typ (ns) 

Receiver/ 

Transceiver 

Commercial 
0°C to +70° C 

Military 

-55°C to +125°C 

Comments 

14 

0.5/50 

2.4/— 10 

20 

0.8/— 40 

2/80 

400 

Transceiver 

4 

DS8833 

DS7833 

Non-inverting TRI-STATE receiver 

2-75 . 

14 

0.5/50 

2.4/— 10 

20 

0.8/-40 

2/80 

400 

Transceiver 

4 

DS8835 

DS7835 

Inverting TRI-STATE receiver 

2-75 

14 

0.5/50 

2.4/— 10 

20 

0.8/— 40 

2/80 

400 

Transceiver 

4 

DS8834 

DS7834 

Inverting 

2-79 

14 

0.5/50 

2.4/— 10 

20 

0.8/— 40 

2/80 

400 

Transceiver 

4 

DS8839 

DS7839 

Non-inverting 

2-79 

14 

0.5/48 

2.4/— 10 

14 

0.85/— 200 

2/20 


Transceiver 

4 

DS8T26A 

DS8T26AM 

Inverting 

2-89 

17 

0.5/48 

2.4/— 10 

17 

0.85/— 200 

2/20 


T ransceiver 

4 

DS8T28 

DS8T28M 

Non-inverting 

2-89 

20 

0.6/55 

3.6/— 1 

15 

0.95/— 250 

2/10 


Transceiver 

4 

DP8216 

DP8216M 

8080 MPU non-inverting 

8-11 

16 

0.6/50 

3.6/— 1 

15 

0.95/— 250 

2/10 


Transceiver 

4 

DP8226 

DP8226M 

8080 MPU inverting 

8-11 

4.5 

0.55/64 

2.4/— 3 

4.5 

0.8/— 400 

2/50 

400 

Transceiver 

4 or 8 

DM74S240 

DM54S240 

Non-Inverting 

LOGIC 

6 

0.55/64 

2.4/— 3 

6 

0.8/— 400 

2/50 

400 

Transceiver 

4 or 8 

DM74S241 

DM54S241 

Inverting 

LOGIC 

4.5 

0.55/64 

2.4/— 3 

4.5 

0.8/— 400 

2/50 

400 

Transceiver 

8 

DM74S940 

DM54S940 

Non-Inverting 

LOGIC 

6 

0.55/64 

2.4/— 3 

6 

0.8/— 400 

2/50 

400 

Transceiver 

8 

DM74S941 

DM54S941 

Inverting 

LOGIC 

8 

0.5/50 

2.4/— 5 

7 

0.8/— 500 

2/100 


T ransceiver 

4 

DS3647 

DS1647 

Quad bidirectional I/O register 

6-35 

8 

0.5/50 

2.4/— 5 

7 

0.8/— 500 

2/100 


Transceiver 

4 

DS3677 

DS1677 

Quad bidirectional I/O register 

6-35 

10 

0.5/50 

3.6/— 5 

15 

0.8/— 250 

2/80 


Transceiver 

8 

DP8304B 

DP7304B 

Bidirectional non-inverting 
IEEE 488 

2-5, 2-11 

10 

0.5/50 

3.6/— 5 

10 

0.8/— 250 

2/80 


Transceiver 

8 

DP8303 

DP7303 

Bidirectional inverting 

2-5, 2-6 

10 

0.5/50 

3.6/— 5 

10 

0.8/— 250 

2/80 


Transceiver 

8 

DP8307 

DP7307 

Bidirectional inverting 

2-5, 2-16 

11 

0.5/50 

3.6/— 5 

15 

0.8/— 250 

2/80 


Transceiver 

8 

DP8308 

DP7308 

Bidirectional non-inverting 

2-5, 2-20 

20 

0.45/15 

3.6/— 1 





Driver 

8 

DP8212 

DP8212M 

8080 MPU data latch and service 

8-4 












request f/f 


30 

0.45/10 

2.4/— 1 

20 

0.8/-250 

2/20 


Transceiver 

8 

DP8228 

DP8228M 

8080 MPU system bus controller 
and bus driver 

8-22 

30 

0.45/10 

2.4/— 1 

20 

0.8/— 250 

2/20 


Transceiver 

8 

DP8238 

DP8238M 

8080 MPU system bus controller 
and bus driver 

8-22 

20 

0.5/48 

2.5/— 5.2 

20 

0.8/— 100 

2/20 

400 

Transceiver 

8 

DS3666 


IEEE 488 GPIB 

2-48 

20 

0.5/48 

2.5/— 5.2 

20 

0.8/— 100 

2/20 

400 

Transceiver 

8 

DS3667 



2-56 

20 

0.5/48 

2.5/— 5.2 

20 

0.8/— 100 

2/20 

400 

Transceiver 

8 

DS75160A 


IEEE 488 GPIB 

2-61 

20 

0.5/48 

2.5/— 5.2 

20 

0.8/— 100 

2/20 

400 

Transceiver 

8 

DS75161 A 


IEEE 488 GPIB 

2-61 

20 

0.5/48 

2.5/— 5.2 

20 

0.8/— 100 

2/20 

400 

Transceiver 

8 

DS75162A 


IEEE 488 GPIB 

2-61 


Note. Unless otherwise specified, bus circuits listed above are TTL compatible and use 5V supplies. 



TO National 
A A Semiconductor 


Bus Transceivers 


8-Bit TRI-STATE® Bidirectional Transceivers 


DP7303/DP8303 (Inverting) with Transmit/Receive and Chip Disable Control Inputs 
DP7304B/DP8304B (Non-Inverting) with Transmit/Receive and Chip Disable Control Inputs 
DP7307/DP8307 (Inverting) with Transmit and Receive Control Inputs 
DP7308/DP8308 (Non-Inverting) with Transmit and Receive Control Inputs 


General Description 

This family of 8 high speed Schottky 8-bit TRI-STATE 
bidirectional transceivers are designed to provide bi- 
directional drive for bus oriented microprocessor and 
digital communications systems. They are all capable 
of sinking 16 mA on the A ports and 48 mA on the 
B ports (bus ports). PNP inputs for low input current 
and an increased output high (Voh) level allow com- 
patibility with MOS, CMOS, and other technologies 
that have a higher threshold and less drive capabilities. 
In addition, they all feature glitch-free power up/down 


on the B port preventing erroneous glitches on the 
system bus in power up or down. 


DP7303/DP830 3 and D P7304B/DP8304B are featured 
with Transmit/Receive (T/R) and Chip Disable (CD) 
inputs to simplify control logic. For greater design 
flexibility, DP 7307/DP83 07 and DP7308/ DP8308 are 
featured with Transmit (T) and Receive (R) control 
inputs. 
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DP73/8303, DP73/8304B, 
DP73/8307, DP73/8308 






DP7303/DP8303 


Bus Transceivers 


DP7 303/DP8303 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


Pinouts simplify system interconnections 
Transmit/Receive and chip disable simplify control 
logic 

Compact 20-pin dual-in-line package 
Bus port glitch free power up/down 


Logic and Connection Diagrams 


I 

;a— 

!0-t~ 

;a- = 

so— t „ 


. TRANSMIT/RECEIVE 
’ (T/RI 


Dual-ln-Line Package 


CHIP OISABLE, 
(COP 



Logic Table 


Order Number DP7303J, DP8303J, 
or DP8303N 

See NS Package J20A or N20A 


Chip Disable 
0 


Transmit/Receive 


RESULTING CONDITIONS 


TRI-STATE 


TRI-STATE 


X = Don't care 


2-6 






Absolute Maximum Ratings (Note u 


Supply Voltage 7 V 

Input Voltage 5.5V 

Output Voltage 5.5 V 

Storage Temperature -65°C to +1 50°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1667 mW 

Molded Package 1832 mW 

Lead Temperature (soldering, 10 seconds) 300°C 


Derate cavity package 11.1 mW/°C above 25°C; derate molded 
package 14.7 mW/ C. 


Recommended Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc> 

DP7303 

4.5 

5.5 

V 

DP8303 

4.75 

5.25 

V 

Temperature (Ta) 

DP7303 

-55 

125 

°c 

DP8303 

0 

70 

°c 


DC Electrical Characteristics (Notes 2 and 3 ) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A Port (A0-A7) 

V|H Logical "1" Input Voltage 

CD = V|i_, T/R = 2.0V 

2.0 



V 

V|i_ Logical "0" Input Voltage 

CD = V||_, T/R = 2.0V 

DP8303 



0.8 

V 

DP7303 



0.7 

V 

Voh Logical "1" Output Voltage 

CD = T/R = V||_ 

•OH = -0.4 mA 

Vcc-1-15 

Vcc-0.7 


mm 

IQH = “3 mA 

2.7 

3.95 


mm 

Vol Logical "0" Output Voltage 

CD = T/R = V 1 1_ 

lOL = 16 mA (8303) 


0.35 

0.5 

V 

Iql = 8mA (both) 


0.3 

0.4 

V 

lOS Output Short Circuit 

Current 

CD = V||_, T/R = V|i_, Vo = 0V, 
Vcc = max, Note 4 

-10 

-38 

-75 

mA 

l|H Logical "1" Input Current 

CD = V|L, T/R = 2.0V, Vih = 2.7V 


0.1 

80 

p A 

1 1 Input Current at Maximum 

Input Voltage 

CD = 2.0V, V C C = max, V|H = 5.25V 



■ 

mA 

l||_ Logical "0" Input Current 

CD = V|L, T/R = 2.0V, V|N = 0.4V 


-70 

-200 

pA 

VcLAMP Input Clamp Voltage 

CD = 2.0V, l| N = -12mA 


-0.7 

-1.5 

V 

lOD Output/Input 

TRI-STATE Current 

CD = 2.0 V 

V(N = 0.4 V 



-200 

/iA 

V|N = 4.0 V 



80 

PA 

B Port (B0-B7) 

V|H Logical "1 " Input Voltage 

CD = V|L, T/R = V|L 

2.0 



V 

V|i_ Logical "0" Input Voltage 

CD = V|L, T/R = V 1 1_ 

DP8303 



0.8 

V 

DP7303 



0.7 

V 

Voh Logical "1 " Output Voltage 

CD = V|L, T/R = 2.0V 

lOH = -0.4 mA 

Vcc-1-15 

Vcc-0.8 


V 

lOH = -5 mA 

2.7 

3.9 


V 

•OH = -10mA 

2.4 

3.6 


V 

Vql Logical "0" Output Voltage 

CD = V|L, T/R = 2.0V 

lOL = 20 mA 


0.3 

0.4 

V 

IQL = 48mA 


0.4 

0.5 

V 

•OS Output Short Circuit 

Current 

CD = V|L, T/R = 2.0V, Vo = 0V, 
Vcc = max, Note 4 

-25 

-50 

-150 

mA 

l|H Logical "1" Input Current 

CD = V|L, T/R = V|L, V|H = 2.7V 


0.1 

80 

mm 

l| Input Current at Maximum 

Input Voltage 

CD = 2.0V, Vcc = max, Vjh = 5.25V 



1 

O 

l|(_ Logical "0" Input Current 

CD = V|L, T/R = V | j_, V|N = 0.4V 


-70 

-200 

H A 

VcLAMP Input Clamp Voltage 

CD = 2.0V, l|N = -12mA 


-0.7 

-1.5 

V 

•OD Output/Input 

TRI -STATE Current 

CD = 2.0V 

V|N = 0.4 V 



-200 

V A 

V|N = 4.0V 



+200 

liA 


DP7303/DP8303 









































































































































DP7303/DP8303 


DC Electrical Characteristics (cont’d.) (Notes 2 and 3) 


Conditions 


Parameter 


Control Inputs CD, T/R 


V m = 2.7V 


Vcc = max, V|(-j = 5.25V 


V|L “ 0.4V 


1 1 N ~ —12 


V IH 

Logical "1" Input Voltage 

V|L 

Logical "0" Input Voltage 

IlH 

Logical "1" Input Current 


Maximum Input Current 


l|L Logical "0" Input Current 


VcLAMP Input Clamp Voltage 


Power Supply Current 


Max Units 



ICC Power Supply Current 

CD = 2 . 0 V=V|n, Vcc =max 


CD = 0.4 V, V |[\] a = T/R = 2 V, Vqc = max 



70 

100 

mA 

100 

150 

mA 


AC Electrical Characteristics v cc = 5 v, t a = 25 c 

Parameter Conditions 


A Port Data/Mode Specifications 


tPDHLA 

Propagation Delay to a Logical "0" from 
B Port to A Port 

CD = 0.4 V, T/R = 0.4 V (figure A) 
R1 = Ik, R2 = 5k, Cl = 30 pF 


tPDLHA 

Propagation Delay to a Logical "1" from 
B Port to A Port 

CD = 0.4 V, T/R = 0.4 V (figure A) 
R1 = Ik, R2 = 5k, Cl = 30pF 


tPLZA 

Propagation Delay from a Logical "0" to 
TRI-STATE from CD to A Port 

B0 to B7 = 2.4 V, T/R = 0.4 V (figure C) 
S3 = 1, R5 = Ik, C4 = 15 pF 


tPHZA 

Propagation Delay from a Logical "1"to 
TRI -STATE from CD to A Port 

B0 to B7 = 0.4 V, T/R = 0.4 V (figure C) 
S3 = 0, R5 = Ik, C4= 15 pF 


tPZLA 

Propagation Delay from TRI-STATE to 
a Logical "0" from CD to A Port 

B0 to B7 = 2.4 V, T/R = 0.4 V (figure C) 
S3 = 1, R5= Ik, C4 = 30pF 


tPZHA 

Propagation Delay from TRI-STATE to 
a Logical "1" from CD to A Port 

B0 to B7 = 0.4 V, T/R = 0.4 V (figure C) 
S3 = 0, R5 = 5k, C4 = 30 pF 


B Port Data/Mode Specifications 

tPDHLB 

Propagation Delay to a Logical "0" from 
A Port to B Port 

CD = 0.4 V, T/R = 2.4 V (figure A) 
R 1 = 100ft, R2 = Ik, Cl = 300 pF 
R1 = 667ft, R2 = 5k, Cl =45pF 


tPDLHB 

Propagation Delay to a Logical "1 " from 
A Port to B Port 

CD = 0.4V, T/R = 2.4V (figure A) 
R1 = 100ft, R2 = Ik, Cl = 300 pF 
R1 = 667ft, R2 = 5k, Cl = 45pF 


tPLZB 

Propagation Delay from a Logical "0" to 
TRI-STATE from CD to B Port 

A0 to A7 = 2.4 V, T/R = 2.4 V (figure C) 
S3 = 1, R5= Ik, C4 = 15pF 


fPHZB 

Propagation Delay from a Logical "1" to 
TRI-STATE from CD to B Port 

A0 to A7 = 0.4 V, T/R = 2.4 V (figure C) 
S3 = 0, R5 = Ik, C4 = 15pF 


tPZLB 

Propagation Delay from TRI-STATE to 
a Logical "0" from CD to B Port 

A0 to A7 = 2.4 V, T/R = 2.4 V (figure C) 
S3 = 1, R5= 100ft, C4 = 300pF 
S3 = 1, R5 = 667 ft, C4 = 45 pF 


tPZHB 

Propagation Delay from TRI-STATE to 
a Logical "1" from CD to B Port 

A0 to A7 = 0.4 V, T/R = 2.4 V (figure C) 
S3 = 0, R5 = Ik, C4 = 300 pF 
S3 = 0, R5 = 5k, C4 = 45 pF 



Min Typ Max Units 


8 12 ns 


11 16 ns 


10 15 ns 


8 15 ns 


20 30 ns 


19 30 ns 
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AC Electrical Characteristics (cont’d.) v C c = 5 v, t a = 25 c 


Parameter 

Conditions 

Transmit/Receive Mode Specifications 

*TRL 

Propagation Delay from Transmit Mode to 
Receive a Logical "0," T/R to A Port 

CD = 0.4 V (figure B) 

51 = 1, R4= 100 £2, C3 = 5pF 

52 = 1, R3= Ik, C2 = 30 pF 

tTRH 

Propagation Delay from Transmit Mode to 
Receive a Logical "1," T/R to A Port 

CD = 0.4 V (figure B) 

51 = 0, R4 = 10012, C3 = 5 pF 

52 = 0, R3 = 5k, C2 = 30 pF 

t RTL 

Propagation Delay from Receive Mode to 
Transmit a Logical "0," T/R to B Port 

CD = 0.4 V (figure B) 

51 = 1,R4= 100H, C3 = 300 pF 

52 = 1, R3 = 300 22, C2 = 5 pF 

tRTH 

Propagation Delay from Receive Mode to 
Transmit a Logical "1," T/R to B Port 

CD = 0.4 V (figure B) 

51 =0, R4= Ik, C3 = 300 pF 

52 = 0, R3 = 300 £2, C2 = 5 pF 


Min Typ Max Units 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for Vqq = 5 V and T^ = 25° C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 


Switching Time Waveforms and AC Test Circuits 


t, =t| < 10ns 
IO%TO 90% 




NOTE: Cl INCLUDES TEST FIXTURE CAPACITANCE. 


FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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DP7303/DP8303 


















Switching Time Waveforms and AC Test Circuits (cont’d.) 



NOTE: C2 AND C3 INCLUDE TEST FIXTURE 
CAPACITANCE. 


FIGURE B. Propagation Delay from T/R to A Port or B Port 



Vcc 



NOTE: C4 INCLUOES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE ACTABLE. 


FIGURE C. Propagation Delay to/from TRI-STATE® from CD to A Port or B Port 
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National 

Semiconductor 


Bus Transceivers 


DP7304B/DP8304B 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


■ Pinouts simplify system interconnections 

■ Transmit/Receive and chip disable simplify control 
logic 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 

Dual-In-Line Package 




Order Number DP7304BJ, DP8304BJ, 
or DP8304BN 

See NS Package J20A or N20A 


Logic Table 


INPUTS 

RESULTING CONDITIONS 

Chip Disable 

Transmit/Receive 

A Port 

B Port 

0 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

X 

TRI-STATE 

TRI-STATE 


X = Don’t care 


DP7304B/DP8304B 






DP7304B/DP8304B 


Absolute Maximum Ratings (Note n 


Recommended Operating Conditions 


Supply Voltage 7 V 

Input Voltage 5.5 V 

Output Voltage 5.5 V 

Storage Temperature -65°C to +1 50° C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1667 mW 

Molded Package 1832 mW 

Lead Temperature (soldering, 10 seconds) 300°C 

"Derate cavity package 11.1 mW/ C above 25 C; derate molded 
package 14.7 mW/ C above 25 C. 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter I Conditions 


A Port (A0-A7) 


Max Units 


Supply Voltage (Vcc) 
DP7304B 
DP8304B 

Temperature (T/\) 
DP7304B 
DP8304B 


Max Units 


V|H 

Logical "1" Input Voltage 

V|L 

Logical "0" Input Voltage 

VOH 

Logical "1 " Output Voltage 

VOL 

Logical "0" Output Voltage 

ios 

Output Short Circuit 
Current 

IlH 

Logical "1" Input Current 

l| 

Input Current at Maximum 
Input Voltage 

■IL 

Logical “0" Input Current 

VcLAMP Input Clamp Voltage 

lOD 

Output/Input 
TRI-STATE Current 


B Port (B0-B7) 



CD = V| i_, T/R = V|i_ Ioh = -0.4 mA | Vcc-1-15 | Vqq-0.7 
Iqh = -3 mA 


CD = T/R = V|l l0L= 16mA (8304B) 
Iql = 8 mA (both) 


CD = V|L, T/R = V|]_, Vo = 0V, 
Vcc = max, Note 4 • 


CD = V||_, T/R = 2.0V, V|H = 2.7V 


CD = 2.0V, Vcc = max, V|H = 5.25V 


CD = V|L, T/R = 2.0V, V in = 0.4V 


CD = 2.0V, I in = -12mA 


V|n = 0.4V 


V|n = 4.0V 


V| H 

Logical "1" Input Voltage 

V|L 

Logical "0" Input Voltage 

VOH 

Logical “1" Output Voltage 

VOL 

Logical "0" Output Voltage 

'OS 

Output Short Circuit 
Current 

IlH 

Logical "1" Input Current 

l| 

Input Current at Maximum 
Input Voltage 

1 1 L 

Logical "0" Input Current 

VcLAMP Input Clamp Voltage 

>0D 

Output/Input 
TRI-STATE Current 


CD =■ V 1 1_, T/R = V| l 


CD = V|L, T/R = V||_ DP8304B 


CD = V|L, T/R = 2.0V Ioh = -0.4 mA 
IpH = -5 mA 
Iqh = -10 mA 


Iql = 48 mA 


CD = V| L , T/R = 2.0V, V 0 = 0V, 
Vcc = max, Note 4 


CD = V | L , T/R = V| L , V|H = 2.7V 


CD = 2.0V, V C c = max, V|H = 5.25V 


CD = V|L, T/R = V||_, V|N = 0.4V 


CD = 2.0V, I in = -12mA 


V|N = 0.4 V 


V|n = 4.0V 




-200 

ma 

-1.5 

V 

-200 

MA 

+200 

mA 
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DC Electrical Characteristics (cont’d.) (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Control Inputs CD, T/R 

V|H Logical "1 " Input Voltage 


2.0 



V 

V||_ Logical "0" Input Voltage 


DP8304B 



0.8 

V 

DP7304B 



0.7 

V 

l|H Logical "1 " Input Current 

V m = 2.7V 


0.5 

20 

pA 

l| Maximum Input Current 

Vcc = max, V|H = 5.25V 



. 1.0 

mA 

1 1 l Logical “0" Input Current 

V|l = 0.4V 

T/R 


-0.1 

-0.25 

mA 

CD 


-0.25 

-0.5 

mA 

VcLAMP Input Clamp Voltage 

1 IN = -12 mA 


-0.8 

-1.5 

V 

Power Supply Current 

ICC Power Supply Current 

CD = 2.0V, V|N= 0.4 V, Vcc = max 


70 

100 

mA 

CD = V|N A = 0-4 V,T/R = 2 V, Vqq = max 


90 

140 

mA 


AC Electrical Characteristics v C c = 5 v, t a = 25 c 


Parameter 

Conditions 

Min 




A Port Data/Mode Specifications 

tPDHLA Propagation Delay to a Logical "0" from 

CD = 0.4V, T/R = 0.4V (figure A), 


14 

18 

ns 

B Port to A Port 

R1 = Ik, R2 = 5k, Cl = 30 pF 





tPDLHA Propagation Delay to a Logical "1 " from 

CD = 0.4 V, T/R = 0.4 V (figure A) 


13 

18 

ns 

B Port to A Port 

R1 = Ik, R2= 5k, Cl = 30pF 





tpLZA Propagation Delay from a Logical "0" to 

B0 to B7 = 0.4 V, T/R = 0.4 V (figure C) 

1 

11 

15 

ns 

TRI-STATE from CD to A Port 

S3 = 1, R5 = Ik, C4 = 1 5 pF 





fPHZA Propagation Delay from a Logical "1" to 

B0 to B7 = 2.4 V, T/R = 0.4 V (figure C) 

■ 

8 

15 

ns 

TRI-STATE from CD to A Port 

S3 = 0, R5 = Ik, C4 = 1 5 pF 





fPZLA Propagation Delay from TRI-STATE to 

B0 to B7 = 0.4 V, T/R = 0.4 V (figure C) 

1 

27 

35 

ns 

a Logical “0" from CD to A Port 

S3= 1, R5= 1k,C4 = 30pF 





fPZHA Propagation Delay from TRI-STATE to 

B0 to B7 = 2.4V, T/R = 0.4V (figure C) 


19 

25 

ns 

a Logical "1 " from CD to A Port 

S3 = 0, R5 = 5k, C4 = 30pF 





B Port Data/Mode Specifications 

tpoHLB Propagation Delay to a Logical "0" from 

CD = 0.4 V, T/R = 2.4 V (figure A) 





A Port to B Port 

R1 = 100 £7, R2 = Ik, Cl = 300 pF 


18 

23 

ns 


R 1 = 667 L2, R2 = 5k, Cl = 45pF 


11 

18 

ns 

tpDLHB Propagation Delay to a Logical "1" from 

CD = 0.4 V, T/R = 2.4 V (figure A) 





A Port to B Port 

R1 = 100 £7, R2 = Ik, Cl = 300pF 


16 

23 

ns 


R 1 = 667 fi, R2 = 5k, Cl = 45pF 


11 

18 

ns 

tPLZB Propagation Delay from a Logical "0" to 

A0 to A7 = 0.4 V, T/R = 2.4 V (figure C) 


13 

18 

ns 

TRI-STATE from CD to B Port 

S3 = 1, R5 = Ik, C4 = 15pF 





tPHZB Propagation Delay from a Logical "1" to 

A0 to A7 = 2.4 V, T/R = 2.4 V (figure C) 


8 

15 

ns 

TRI -STATE from CD to B Port 

S3 = 0, R5 = Ik, C4 = 15pF 





tPZLB Propagation Delay from TRI-STATE to 

A0 to A7 = 0.4 V, T/R = 2.4 V (figure C) 





a Logical "0" from CD to B Port 

S3 = 1, R5 = 100 £7, C4 = 300 pF 


32 

40 

ns 


S3 = 1 , R5 = 667 fi, C4 = 45 pF 


16 

22 

ns 

tPZHB Propagation Delay from TRI-STATE to 

A0 to A7 = 2.4 V, T/R = 2.4V (figure C) 





a Logical "1" from CD to B Port 

S3 = 0, R5= Ik, C4 = 300pF 


26 

35 

ns 


S3 - 0, R5 = 5k, C4 = 45 pF 


14 

22 

ns 
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AC Electrical Characteristics (cont’d.) v C c = 5 v, t a = 25 °c 


Conditions 


Parameter 


Transmit/Receive Mode Specifications 


tjRL Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 

Receive a Logical "0," T/R to A Port SI = 0, R4 = 100H, C3 = 5pF 

S2= 1, R3 = Ik, C2 = 30 pF 

tTRH Propagation Delay from Transmit Mode to CD = 0.4 V (figure B) 


Min Typ Max Units 


Receive a Logical "1," T/R to A Port 

Propagation Delay from Receive Mode to 
Transmit a Logical "0," T/R to B Port 

Propagation Delay from Receive Mode to 
Transmit a Logical "1," T/R to B Port 


51 = 1,R4= 100ft, C3 = 5 pF 

52 = 0, R3 = 5k, C2 = 30 pF 

CD = 0.4 V (figure B) 

51 = 1, R4= 100 ft, C3 = 300 pF 

52 = 0, R3 = 300 £2, C2 = 5pF 

CD = 0.4 V (figure B) 

SI =0, R4 = Ik, C3 = 300 pF 
S2= 1,R3 = 300ft, C2 = 5pF 


30 

40 

ns 

28 

40 

ns 

31 

40 

ns 

28 

40 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for Vqc = 5 V and Ta = 25° C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 


Switching Time Waveforms and AC Test Circuits 


-t[ t r = tf «C 10 n 

10% TO 90% 




NOTE: Cl INCLUDES TEST FIXTURE CAPACITANCE. 


FIGURE A. Propagation Delay from A Port to B Port or from B Port to A Port 
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Switching Time Waveforms and AC Test Circuits (cont’d.) 



Vcc 



NOTE: C2 ANO C3 INCLUDE TEST FIXTURE 
CAPACITANCE. 


FIGURE B. Propagation Delay from T/R to A Port or B Pprt 



NOTE: C4 INCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE ACTABLE. 


FIGURE C. Propagation Delay to/from TRI-STATE® from CD to A Port or B Port 
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National 

Semiconductor 


Bus Transceivers 


DP7307/DP8307 8-Bit TRI-STATE® 
Bidirectional Transceiver (Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PIMP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


Pinouts simplify system interconnections 
Independent T and R controls for versatility 
Compact 20-pin dual-in-line package 
Bus port glitch free power up/down 


Logic and Connection Diagrams 

Dual-ln-Line Package 



TOP VIEW 


Order Number DP7307J, DP8307J 
or DP8307N 

See NS Package J20A or N20A 

Logic Table 


CONTROL INPUTS 

RESULTING CONDITIONS 

Transmit 

Receive 

A Port 

B Port 

1 

0 

OUT 

IN 

0 

1 

IN 

OUT 

1 

1 

TRI-STATE 

TRI-STATE 

0 

0 

Both Active* 


This is not an intended logic condition and may cause oscillations. 
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Absolute Maximum Ratings (Note u 


Supply Voltage 7 V 

Input Voltage 5.5V 

Output Voltage 5.5 V 

Storage Temperature -65°C to +1 50° C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1667 mW 

Molded Package 1832 mW 

Lead Temperature (soldering, 10 seconds) 300°C 


•Derate cavity package 11.1 mW/ C above 25 C; derate molded 
package 14.7 mW/ C above 25 C. 


Recommended Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DP7307 

4.5 

5.5 

V 

DP8307 

4.75 

5.25 

V 

Temperature (T /\) 

DP7307 

-55 

125 

°c 

DP8307 

0 

70 

°c 


DC Electrical Characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A Port (A0-A7) 

V|H Logical "1" Input Voltage 

T = V|L, R = 2.0V 

2.0 



V 

V|L Logical "0" Input Voltage 

T = V|L, R = 2.0V 

DP8307 



0.8 

V 

DP7307 



0.7 

V 

VoH Logical "1 " Output Voltage 

T= 2.0V, R = V|[_ 

lOH = -0.4 mA 

Vcc-1-15 

Vcc-0.7 


V 

•OH = -3 mA 

2.7 

3.95 


V 

VOL Logical "0" Output Voltage 

T = 2.0 V, 
R = V| L 

lOL = 16 mA (8307) 


0.35 

0.5 

V 

IQL = 8 mA (both) 


0.3 

0.4 

V 

lOS Output Short Circuit 

Current 

T = 2.0V, R = V|L, Vo = 0V, 
Vcc = max, Note 4 

-10 

-38 

-75 

mA 

1 1 H Logical "1" Input Current 

T= V|l,R = 2.0V, V|H = 2.7V 


0.1 

80 

pA 

l| Input Current at Maximum 

Input Voltage 

R = T = 2.0V, Vcc = max, V| H = 5.25V 



H 

mA 

l|L Logical “0" Input Current 

T = V| L ,R = 2.0V, V|N = 0.4V 


-70 

-200 

juA 

VqlaMP Input Clamp Voltage 

T = R = 2.0 V, !|[\i = -12 mA 


-0.7 

-1.5 

V 

lOD Odtput/lnput 

TRI-STATE Current 

T = R = 2.0 V 

V|N = 0.4 V 



-200 

pA 

V| N = 4.0V 



80 

pA 

B Port (B0-B7) 

V|H Logical "1" Input Voltage 

T= 2.0V, R = V|L 

2.0 



V 

V|L Logical "0" Input Voltage 

T= 2.0V, R = V| L 

DP8307 



0.8 

V 

DP7307 



0.7 

V 

VoH Logical “1" Output Voltage 

T= Vjl, R = 2.0V 

lOH = -0-4 mA 

Vcc-1-15 

VCC" 0 - 8 


V 

lOH = -5 mA 

2.7 

3.9 


V 

lOH = -10 mA 

2.4 

3.6 


V 

VoL Logical "0" Output Voltage 

T = V|L, R = 2.0V 

lOL = 20 mA 


0.3 

0.4 

V 

Iql = ^8 mA 


0.4 

0.5 

V 

lOS Output Short Circuit 

Current 

T = V|L, R = 2.0V, Vo = 0V, 
Vcc = max < Note 4 

-25 

-50 

-150 

mA 

l|H Logical "1" Input Current 

T= 2.0V, R = V|i_, V|H = 2.7V 


0.1 

80 

pA 

1 1 Input Current at Maximum 

Input Voltage 

T = R = 2.0V, Vcc = max, V|H = 5.25V 



■ 

mA 

lll_ Logical “0" Input Current 

T=2.0V, R = V|L, V|l = 0.4V 


-70 

-200 

juA 

VcLAMP Input Clamp Voltage 

T= R = 2.0V, I in = -12mA 


-0.7 

-1.5 

V 

lOD Output/Input 

TRI-STATE Current 

T = R = 2.0 V 

V|N = 0.4 V 



-200 

p A 

V|N = 4.0V 



+200 

pA 
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DC Electrical Characteristics (cont’d.) (Notes 2 and 3) 


Parameter Conditions 

Min 

Typ 

Max 

Units 

Control Inputs T, R 

V 1 1 -| Logical "1 " Input Voltage 


2.0 



V 

V|i_ Logical “0" Input Voltage 


DP8307 



0.8 

V 

DP7307 



0.7 

V 

l|H Logical "1" Input Current 

V|H = 2.7V 


0.5 

20 

HA 

l| Maximum Input Current 

Vcc = max - V|H = 5.25V 



1.0 

mA 

1 1 l Logical "0" Input Current 

V|l = 0.4V 

R 


-0.1 

-0.25 

mA 

T 


-0.25 

-0.5 

mA 

VcLAMP Input Clamp Voltage 

l||\l = -12 mA 


-0.8 

-1.5 

V 

Power Supply Current 

ICC Power Supply Current 

T = R = 2.0 V, V|N = 2.0V, Vqc = max 


70 

100 

mA • 

T = 0.4V, V|M A = R = 2 V, Vqc = max 


100 

150 

mA 


AC Electrical Characteristics v C c = 5 v, t a = 25°c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A Port Data/Mode Specifications 

fPDHLA Propagation Delay to a Logical "0" from 

T = 2.4V, R = 0.4V (figure A) 


8 

12 

ns 

B Port to A Port 

R1 = Ik, R2 = 5k, Cl = 30 pF 

■ 




tPDLHA Propagation Delay to a Logical "1" from 

T = 2.4 V, R = 0.4 V (figure A) 


11 

16 

ns 

B Port to A Port 

R1 = Ik, R2 = 5k, Cl = 30pF 





t PLZA Propagation Delay from a Logical "0" to 

B0 to B7 = 2.4 V, T = 2.4 V (figure B) 


10 

15 

ns 

TRI-STATE from R to A Port 

S3 = 1, R5= Ik, C4= 15pF 





fPHZA Propagation Delay from a Logical "1" to 

B0 to B7 = 0.4 V, T = 2.4 V (figure B) 


8 

15 

ns 

TRI-STATE from R to A Port 

S3 = 0, R5= Ik, C4 = 15pF 





fPZLA Propagation Delay from TRI-STATE to 

B0 to B7 = 2.4 V, T = 2.4 V (figure B) 

1 

25 

35 

ns 

a Logical "0" from R to A Port 

S3 = 1, R5= Ik, C4 = 30 pF 

1 




tPZHA Propagation Delay from TRI-STATE to 

B0 to B7 = 0.4 V, T = 2.4V (figure B) 

I 

24 

35 

ns 

a Logical "1 " from R to A Port 

S3 = 0, R5 = 5k, C4 = 30 pF 





B Port Data/Mode Specifications 

tpoHLB Propagation Delay to a Logical "0" from 

T = 0.4 V, R = 2.4 V (figure A) 

| 




A Port to B Port 

R1 = 100ft, R2= Ik, Cl =300pF 


12 

18 

ns 


R1 = 667 ft, R2 = 5k, C1=45pF 


8 

12 

ns 

tpoLHB Propagation Delay to a Logical "1 " from 

T = 0.4 V, R = 2.4V (figure A) 




* 

A Port to B Port 

R1 = 100ft, R2 = Ik, Cl = 300 pF 


15 

23 

ns 


R1 = 667ft, R2 = 5k, Cl =45pF 


9 

14 

ns 

fPLZB Propagation Delay from a Logical "0" to 

A0 to A7 = 2.4 V, R = 2.4 V (figure B) 


13 

18 

ns 

TRI-STATE from T to B Port 

S3 = 1, R5= Ik, C4= 15pF 





fpHZB Propagation Delay from a Logical "1" to 

A0 to A7 = 0.4 V,R = 2.4 V (figure B) 

I 

8 

15 

ns 

TRI -STATE from T to B Port 

S3 = 0, R5 = Ik, C4= 15pF 

■ 




tpZLB Propagation Delay from TRI-STATE to 

A0 to A7 = 2.4 V, R = 2.4 V (figure B) 





a Logical "0" from T to B Port 

S3 = 1, R5= 100ft, C4 = 300 pF 


32 

40 

ns 


S3 = 1, R5 = 667ft, C4 = 45 pF 


18 

25 

ns 

fPZHB Propagation Delay from TRI-STATE to 

A0 to A7 = 0.4 V, R = 2.4 V (figure B) 





a Logical "1 " from T to B Port 

S3 = 0, R5= Ik, C4 = 300pF 


25 

35 

ns 


S3 = 0, R5 = 5k, C4 = 45 pF 

H 

16 

25 

ns 
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Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for V^c = 5 V and T/^ = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4; Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 


INPUT 
An OR B n 


OUTPUT 
B n OR A n 


si 


tf = t( < 10 ns 
10% TO 90% 




"jF 



FIGURE A. Propagation Delay from A port to B port or from B port to A port 



Vcc 



NOTE: C4 INCLUDES TEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE ACTABLE. 


Figure B. Propagation Delay to/from TRI-STATE from R to A Port and T to B Port 
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DP7308/DP8308 




National 

Semiconductor 


Bus Transceivers 


DP7 308/DP8308 8-Bit TRI-STATE® 
Bidirectional Transceiver (Non-Inverting) 


Features 

■ 8-bit bidirectional data flow reduces system package 
count 

■ Bidirectional TRI-STATE inputs/outputs interface 
with bus oriented systems 

■ PNP inputs reduce input loading 

■ Output high voltage interfaces with TTL, MOS, 
and CMOS 

■ 48 mA/300 pF bus drive capability 


■ Pinouts simplify system interconnections 

■ Independent T and R controls for versatility 

■ Compact 20-pin dual-in-line package 

■ Bus port glitch free power up/down 


Logic and Connection Diagrams 


Dual-In-Line Package 




Order Number DP7308J, DP8308J 
or DP8308N 

See NS Package J20A or N20A 


CONTROL INPUTS 


RESULTING CONDITIONS 
A Port B Port 

out In 


TRI-STATE [ TRI-STATE 
Both Active* 


This is not an intended logic condition and may cause oscillations. 
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Absolute Maximum Ratings (Note u 


Supply Voltage 7 V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature -65°C to +150° C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1667 mW 

Molded Package 1832 mW 

Lead Temperature (soldering, 10 seconds) 300°C 


"Derate cavity package 11.1 mW/ C above 25 C; derate molded 
package 14.7 mW/ C above 25 C. 


Recommended Operating Conditions 



Min 

Max 

Units 

Supply Voltage (Vcc) 

DP7308 

4.5 

5.5 

V 

DP8308 

4.75 

5.25 

V 

Temperature (T/\) 

DP7308 

-55 

125 

°c 

DP8308 

0 

70 

°c 


DC Electrical Characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

A Port (A0-A7) 

V|H Logical "1" Input Voltage 

T = V| |_, R = 2.0V 

2.0 



V 

V||_ Logical "0" Input Voltage 

T = V| |_, R = 2.0V 

DP8308 



0.8 

V 

DP7308 



0.7 

V 

VoH Logical “1 " Output Voltage 

T= 2.0V, R = V 1 1_ 

lOH = “8-4 mA 

Vcc-1-15 

Vcc-0.7 


V 

Iqh = -3 mA 

2.7 

3.95 


V 

VoL Logical "0" Output Voltage 

T = 2.0V, 
R = V| L 

lOL = 16mA (8308) 


0.35 

0.5 

V 

Iql = 8mA (both) 


0.3 

0.4 

V 

lOS Output Short Circuit 

Current 

T= 2.0V, R = V| L< Vo = 0V, 
Vcc = max, Note 4 

-10 

-38 

-75 

mA 

1 1 h Logical "1" Input Current 

T= V| L , R = 2.0V, V|H = 2.7V 


0.1 

80 

H A 

l| Input Current at Maximum 

Input Voltage 

R = T = 2.0 V, Vcc = max, V| H = 5.25 V 



■ 

mA 

1 1 [_ Logical “0" Input Current 

T= V|L_, R = 2.0V, V in = 0.4V 


-70 

-200 

IX A 

VcLAMP Input Clamp Voltage 

T = R = 2.0V, 1 in = -12mA 


-0.7 

-1.5 

V 

lOD Output/Input 

TRI-STATE Current 

T = R = 2.0 V 

V | n = 0.4V 



-200 

mA 

V||\| = 4.0 V 



80 

mA 

B Port (B0-B7) 

V|H Logical "1 " Input Voltage 

T= 2.0V, R = V| L 

2.0 



V 

V|L Logical "0" Input Voltage 

T= 2.0V, R = V | l 

DP8308 



0.8 

V 

DP7308 



0.7 

V 

Vqh Logical "1 " Output Voltage 

T= V||_, R = 2.0V 

lOH = -0.4 mA 




V 

Iqh = -5 mA 

2.7 

3.9 


V 


2.4 

3.6 


V 

Vql Logical "0" Output Voltage 

T= V||_, R = 2.0V 



0.3 

0.4 

V 

Iql = 4 8 mA 


0.4 

0.5 

V 

IqS Output Short Circuit 

Current 

T = V|L, R = 2.0V, Vo = 0V, 
Vcc = max < Note 4 

-25 

-50 

-150 

mA 

l|H Logical "1" Input Current 

T= 2.0V, R = V|L, V|H = 2.7V 


0.1 

80 

LiA 

l| Input Current at Maximum 

Input Voltage 

T = R = 2.0V, Vcc = max, V|H = 5.25V 



1 

mA 

l|L Logical "0" Input Current 

7= 2.0V, R = V| |_, V in = 0.4V 


-70 

-200 

ma 

VCLAMP Input Clamp Voltage 

T = R = 2.0V, 1 in = -12mA 


-0.7 

-1.5 

V 

lOD Output/Input 

TRI-STATE Current 

T = R = 2.0 V 

V|N = 0.4V 



-200 

mA 

V||\| = 4.0V 



+200 

H A 
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DP7308/DP8308 


DC Electrical Characteristics (cont’d.) (Notes 2 and 3) 


Conditions 


Parameter 

Control Inputs T, R 

V|H 

Logical "1" Input Voltage 

V| L 

Logical "0" Input Voltage 

IlH 

Logical "1" Input Current 


Maximum Input Current 


l||_ Logical "0" Input Current 


VcLAMP Input Clamp Voltage 


Power Supply Current 


V m = 2.7V 


Vcc = max < V|H = 5.25V 


V|l = 0.4V 


1 1 |\j = -12 mA 


ICC Power Supply Current 

T = R = 2.0 V, V|N = 0.4 V, V CC = max 


T = V|(\| A = 0.4V, R = 2V, Vcc = max 



Max Units 



70 

100 

mA 

90 

140 

mA 


AC Electrical Characteristics v C c = 5 v, t a = 25 0 


Parameter 


A Port Data/Mode Specifications 


Min Typ Max Units 


tPDHLA 

Propagation Delay to a Logical “0" from 
B Port to A Port 

T = 2.4 V, R = 0.4V (figure A) 
R1 = Ik, R2 = 5k, Cl =30pF 

tPDLHA 

Propagation Delay to a Logical "1" from 
B Port to A Port 

T = 2.4 V, R = 0.4 V (figure A) 
R1 = Ik, R2 = 5k, Cl =30pF 

tPLZA 

Propagation Delay from a Logical "0" to 
TRI-STATE from R to A Port 

B0 to B7 = 0.4 V, T = 2.4 V (figure B) 
S3 = 1, R5= Ik, C4 = 15pF 

tPHZA 

Propagation Delay from a Logical "1"to 
TRI-STATE from R to A Port 

B0 to B7 = 2.4 V, T = 2.4 V (figure B) 
S3 = 0, R5= Ik, C4 = 15 pF 

tPZLA 

Propagation Delay from TRI-STATE to 
a Logical "0" from R to A Port 

B0 to B7 = 0.4 V, T = 2.4 V (figure B) 
S3 = 1, R5 = Ik, C4 = 30 pF 

tPZHA 

Propagation Delay from TRI-STATE to 
a Logical "1" from R to A Port 

BO to B7 = 2.4 V, T = 2.4 V (figure B) 
S3 = 0, R5 = 5k, C4 = 30 pF 

B Port Data/Mode Specifications 

tPDHLB 

Propagation Delay to a Logical "0" from 
A Port to B Port 

T = 0.4 V, R = 2.4 V (figure A) 

R1 = 100 £2, R2 = Ik, Cl = 300pF 
R1 = 667 £2, R2 = 5k, Cl = 45pF 

tPDLHB 

Propagation Delay to a Logical "1" from 
A Port to B Port 

T = 0.4 V, R = 2.4 V (figure A) 

R1 = 100 £2, R2= Ik, Cl =300pF 
R1 = 667 £2, R2=5k, Cl =45pF 

tPLZB 

Propagation Delay from a Logical "0" to 
TRI -STATE from T to B Port 

A0 to A7 = 0.4 V, R = 2.4 V (figure B) 
S3 = 1, R5 = Ik, C4 = 15 pF 

fPHZB 

Propagation Delay from a Logical "1 " to 
TRI-STATE from T to B Port 

A0 to A7 = 2.4 V, R = 2.4V (figure B) 
S3 = 0, R5= Ik, C4 = 15pF 

fPZLB 

Propagation Delay from TRI-STATE to 
a Logical "0" from T to B Port 

A0 to A7 = 0.4 V, R = 2.4 V (figure B) 
S3 = 1, R5= 100 £2, C4 = 300 pF 
S3 = 1, R5 = 667 £2, C4 = 45 pF 

tPZHB 

Propagation Delay from TRI-STATE to 
a Logical "1" from T to B Port 

A0 to A7 = 2.4 V, R = 2.4V (figure B) 
S3 = 0, R5= Ik, C4 = 300 pF 
S3 = 0, R5 = 5k, C4 = 45 pF 



18 

23 

ns 

11 

18 

ns 

16 

23 

ns 

11 

18 

ns 

13 

18 

ns 

8 

15 

ns 

25 

35 

ns 

17 

25 

ns 

24 

35 

ns 

17 

25 

ns 











































































Not# 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of Recommended 
Operating Conditions. All typical values given are for VqC ~ 5V 1 and T/\ = 25“C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 

Switching Time Waveforms and AC Test Circuits 


INPUT 

An OR B n UV 


t, 'tf < 10 ns 

10% TO 90% 




NOTE: Cl INCLUDES TEST FIXTURE CAPACITANCE. 


FIGURE A. Propagation Delay from A port to B port or from B port to A port 


-tr t, = tf < 10ns If — Ai 

10% TO 90'/. -\-1-5V 



’ C4 S 3 = 0 ■ ■* 


NOTE: C4 INCLUDESTEST FIXTURE CAPACITANCE. 
PORT INPUT IS IN A FIXED LOGICAL 
CONDITION. SEE ACTABLE. 


Figure B. Propagation Delay to/from TR I -STATE from R to A Port and T to B Port 
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DS26S10, DS26S11 


4lA Semiconductor 

DS26S10, DS26S11 Quad Bus Transceivers 

General Description 


Bus Transceivers 


The DS26S10 and DS26S11 are quad Bus Transceivers 
consisting of 4 highspeed bus drivers with open-collector 
outputs capable of sinking 100 mA at 0.8V and 4 high 
speed bus receivers. Each driver output is connected 
internally to the high speed bus receiver in addition to 
being connected to the package pin. The receiver has a 
Schottky TTL output capable of driving 10 Schottky 
TTL unit loads. 

An active low enable gate controls the 4 drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. 

The bus output high-drive capability in the low state 
allows party-line operation with a line impedance as low 
as 100£2. The line can be terminated at both ends, 
and still give considerable noise margin at the receiver. 
The receiver typical switching point is 2V. 


The DS26S10 and DS26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has 2 ground pins to improve ground cur- 
rent handling and allow close decoupling between Vqc 
and ground at the package. Both GND 1 and GND 2 
should be tied to the ground bus external to the device 
package. 


Features 

■ Input to bus is inverting on DS26S10 

■ Input to bus is non-inverting on DS26S1 1 

■ Quad high speed open-collector bus transceivers 

■ Driver outputs can sink 100 mA at 0.8V maximum 

■ Advanced Schottky processing 

■ PNP inputs to reduce input loading 



r r I 3 r I 5 I 6 I 7 I 8 

1 2 3 4 5 6 7 8 

GND 1 BO ZO l 0 17 Z1 B1 GND Z 

GND 1 B! ZO l 0 1] Z1 GND 2 

TOP VIEW 

TOP VIEW 

Order Number DS26S10J, DS26S10MJ 

Order Number DS26S11J, DS26S11MJ 

or DS26S10N 

or DS26S11N 

See NS Package J16A or N16A 

See NS Package J16A or N16A 
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Absolute Maximum Ratings 

Operating Conditions 



Storage Temperature 

-65° C to +1 50° C 


MIN 

MAX 

UNITS 

Temperature (Ambient) Under Bias 

— 55°C to +125°C 

Supply Voltage (Vqc> 




Supply Voltage to Ground Potential 

-0.5V to +7V 

DS26S10XC, DS26S11XC 

4.75 

5.25 

V 

DC Voltage Applied to Outputs for -0.5V to +Vqq Max 

DS26S10XM, DS26S11XM 

4.5 

5.5 

V 

High Output State 


Temperature (T^) 




DC Input Voltage 

—0.5V to +5.5V 

DS26S10XC, DS26S11XC 

0 

+70 

°c 

Output Current, Into Bus 

200 mA 

DS26S10XM, DS26S11XM 

-55 

+ 125 

°c 

Output Current, Into Outputs (Except Bus) 

30 mA 





DC Input Current 

-30 mA to +5 mA 





Maximum Power Dissipation* at 25°C 






Cavity Package 

1433 mW 





Molded Package 

1362 mW 





'Derate cavity package 9.6 mW/°C above 25°C; derate molded 





package 10.9 mW/°C above 25°C. 






Electrical Characteristics 

(Unless otherwise noted) 






PARAMETER 

CONDITIONS 
(Note 1) 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

Voh Output High Voltage 
(Receiver Outputs) 

Vcc = Min, lOH = — 1 mA, 
V|N = V||_ or V|H 

Military 

2.5 

3.4 


V 

Commercial 

2.7 

mm 


V 

Vol Output Low Voltage 

(Receiver Outputs) 

Vcc = Min, Iol = 20 mA, 
V I N = V | L or V | h 


m 

0.5 

V 

V|H Input High Level 

(Except Bus) 

Guaranteed Input Logical High for 
All Inputs 

2.0 

u 


V 

V 1 1 _ Input Low Level 

(Except Bus) 

Guaranteed Input Logical Low for 
All Inputs 


m 

0.8 

V 

V| Input Clamp Voltage 

(Except Bus) 

Vcc = Min, l|N = —18 mA 


m 

-1.2 

V 

l|L Input Low Current 

(Except Bus) 

VCC = Max, V|N = 0.4V 

Enable 



-0.36 

mA 

Data 



-0.54 

mA 

1 1 h Input High Current 

(Except Bus) 

V C C = Max, V|M = 2.7V 

Enable 



20 

pA 

Data 



30 

pA 

l| Input High Current 

(Except Bus) 

VCC= Max, V| N = 5.5V 



100 

P A 

ISC Output Short-Circuit Current 

(Except Bus) 

Vcc = Max, (N° te 3) 

Military 

-20 


-55 

mA 

Commercial 

-18 


-60 

mA 

ICCL Power Supply Current 
(All Bus Outputs Low) 

Vcc = Max, Enable = Gnd 

DS26S10 


45 

70 

mA 

DS26S11 



80 

mA 

Bus Input /Output Characteristics 

PARAMETER 

CONDITIONS 
(Note 1) 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

VOL Output Low Voltage 

Vcc = Min 


lOL = 40 mA 


0.33 

0.5 

V 

Military 

lOL = 70 mA 


0.42 

0.7 


lOL = 100 mA 


0.51 

0.8 

Commercial 

lOL = 40 mA 


0.33 

0.5 

lOL = 70 mA 


0.42 

0.7 


lOL = 100 mA 


0.51 

0.8 

lO Bus Leakage Current 



Vo = 0.8V 



-50 

p A 

Vcc = Max 

Military 

Vo = 4.5V 



200 

Commercial 

Vo = 4.5V 



100 

lOFF Bus Leakage Current (Power OFF) 

Vq = 4.5V 



100 

pA 

Vjh Receiver Input High Threshold 

Bus Enable = 
Vcc = Max 

2.4V, 

Military 

2.4 

2.0 


V 


Commercial 

2.25 

2.0 


V 

Vj|_ Receiver Input Low Threshold 

Bus Enable = 
Vcc = Min 

2.4V, 

Military 


2.0 

1.6 

V 


Commercial 


2.0 

1.75 

V 


Note 1 ; For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Note 2: Typical limits are at Vcc = 5V, 25°C ambient and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DS26S10, DS26S11 


Switching Characteristics (ta = 25°c, v C c = svj 


CONDITIONS 


Re = 50n, Cb = 50 pF (Note 1) 


PARAMETER 

tPLH 

Data Input to Bus 

tPHL 

Data Input to Bus 

tPLH 

Data Input to Bus 

tPHL 

Data Input to Bus 

tPLH 

Enable Input to Bus 

tPHL 

Enable Input to Bus 

tPLH 

Enable Input to Bus 

tPHL 

Enable Input to Bus 

tPLH 

Bus to Receiver Out 

tPHL 

Bus to Receiver Out 




RB = 50J2, Cb = 50 pF (Note 1) 


Note 1 : Includes probe and jig capacitance 


Truth Tables 



OUTPUTS 

B 

Z 

H 

L 

L 

H 

Y 

Y 



Typical Application 


H = High voltage level 
L = Low voltage level 
X = Don't care 

Y = Voltage level of bus (assumes control by another bus transceiver) 


STROBE INPUTS 


STROBE INPUTS 


STROBE INPUTS 


strobe inputs' 


•o >1 '2 

'3 

E 

ZO 


Z1 

DS26S10 

Z2 


Z3 

BO B1 B2 

B3 


Z1 \— I RECEIVER 
22 L_ I OUTPUTS 


lO <1 1 2 *3 
E ZO 

Z1 

OS26S10 

Z2 

Z3 

BO B1 B2 B3 


RECEIVER 

OUTPUTS 


•0 >1 >2 >3 
E ZO 

Z1 

DS26S11 

ZZ 

Z3 

BO B1 B2 B3 


RECEIVER 

OUTPUTS 


>0 h <2 '3 


X OUTPUTS 
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AC Test Circuit and Switching Time Waveforms 
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DS26S10, DS26S11 


Typical Performance Characteristics 


Typical Bus Output Low Volt- 
age vs Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
T A - AMBIENT TEMPERATURE ("Cl 


Receiver Threshold Variation 



-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE (°C) 


Schematic Diagram 


B Vqq 
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National 

Semiconductor 


Bus Transceivers 


DS3662 Quad High Speed Trapezoidal™ Bus Transceiver 

General Description Features 


The DS3662 is a quad high speed Schottky bus transceiver 
intended for use with terminated 12012 impedance lines. It 
is specifically designed to reduce noise in unbalanced 
transmission systems. The open collector drivers gener- 
ate precise trapezoidal waveforms with rise and fall times 
of 15 ns (typical), which are relatively independent of ca- 
pacitive loading conditions on the outputs. This reduces 
noise coupling to the adjacent lines without any appreci- 
able impact on the maximum data rate obtainable with 
high speed bus transceivers. In addition, the receivers use 
a low pass filter in conjunction with a high speed com- 
parator, to further enhance the noise immunity. Tightly 
controlled threshold levels on the receiver provide equal 
rejection to both negative and positive going noise pulses 
on the bus. 

The external termination is intended to be a 18012 resistor 
from the bus to 5V logic supply, together with a 39012 
resistor from the bus to ground. The bus can be terminated 
at one or both ends. A two input NOR gate is provided to 
disable all drivers in a package simultaneously. 


Features 

■ Pin to pin functional replacement for DS8641 

■ Guaranteed AC specifications on noise immunity and 
propagation delay over the specified temperature and 
supply voltage range 

■ Temperature insensitive receiver thresholds track bus 
logic level 

■ Trapezoidal bus waveforms reduce noise coupling to 
adjacent lines 

■ Precision receiver thresholds provide maximum noise 
immunity and symmetrical response to positive and 
negative going pulses 

■ Open collector driver output allows wire-OR connection 

■ High speed Schottky technology 

■ 15 ^A typical bus termination current with normal V cc or 
withVcc = 0V 

■ Glitch free power up/down protection on the driver 
output 

■ TTL compatible driver and disable inputs, and receiver 
outputs 


Block and Connection Diagram 


Dual-In-Line Package 


V CC BUS 1 INI OUT 1 BUS 2 IN 2 OUT 2 DISABLE A 



BUS 3 IN 3 OUT 3 


IN 4 OUT 4 DISABLE B GND 


Order Number DS3662J or DS3662N 
See NS Package J16A or N16A 


Trapezoidal M is a trademark of National Semiconductor 
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DS3662 


Absolute Maximum Ratings (Note i> 

Supply Voltage 7V 

Input and Output Voltage 5.5V 

Storage Temperature Range - 65°C to 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Notes 2 and 3) 


Parameter 


DRIVER AND DISABLE INPUTS 


Logical “1” Input Voltage 


Logical “0” Input Voltage 


Logical “1” Input Current 


Logical “1” Input Current 


Logical “0” Input Current 


Input Diode Clamp Voltage 


DRIVER OUTPUT/RECEIVER INPUT 


Recommended Operating Conditions 

Min Max Units 

Supply Voltage (V cc ) 4.75 5.25 V 

Temperature Range (T a ) 0 70 °C 


* Derate cavity package 10.1 mW/°C above 25°C; derate molded package 
11.8 mW/*C above 25°C. 


Conditions 

Min 

Typ 

Max 




V| N = 5.5V 


V in = 2.4V 


V IN = 0.4V 


clamp = mA 


Low Level Bus Voltage 

Vqis — 0.8V, Vji^ — 2V, l BUS — 100 mA 

Maximum Bus Current 

V| N = 0.8V, V B us = 4 V, Vcc = 5.25V 

Maximum Bus Current 

ViN = 0.8V, V bus = 4V, V C c = 0V 

High Level Receiver Threshold 

V| N = 0.8V, I ol =16 mA 

Low Level Receiver Threshold 

V| N = 0.8V, l 0H = - 400 nA 


V| H 


V|L 


RECEIVER OUTPUT 


V OH 



Logical “1" Output Voltage 

V IN = 0.8V, V 8US = 0.5V, l 0H = - 400 ^A 

Logical “0" Output Voltage 

V| N = 0.8V, V BU s-4V, I ol = 16 mA 

Output Short Circuit Current 

V DIS = 0.8V, V IN = 0.8V, V BUS = 0.5V, 
V os = 0V, V cc = 5.25V, (Note 4) 

Supply Current N 

V D is = 0V,V in = 2V 



Switching Characteristics (Notes 2 and 3). 


Parameter 


PROPAGATION DELAYS 


Conditions 


PLHD 

Disable to Bus “1” 

Figure 1 

PHLD 

Disable to Bus “0” 

PLHB 

Driver Input to Bus “1” 

Figure 2 

PH LB 

Driver Input to Bus “0” 

PLHR 

Bus to Logical "1” Receiver Output 

Figure 3 ( 

PHLR 

Bus to Logical “0” Receiver Output 


25 

35 

25 

35 

20 

30 

20 

30 

25 

40 

25 

40 


NOISE IMMUNITY 


l rB- tfB 

Rise and Fall Times (10%-90%) of the 
Driver Output 

Figure 2 

l nR 

Receiver Noise Rejection 
Pulse Width 

No Response at Receiver 
Output as per Figure 4 



15 

20 

ns 

20 

10 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
devices should be operated at these limits. The tables of “Electrical Characteristics” and “Recommended Operating Conditions" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the supply and temperature range listed In the table of “Recommended Operating Condi- 
tions". All typical values are forT A = 25”C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Typical Application 


1200 Unified Data Bus 





DS3662 - The Bus Optimizer “SS2SSSST 


Application Note 259 
R.V. Balakrishnan 
April 1981 


I. Introduction 

A single ended Bus is an unbalanced Data Transmis- 
sion medium, which is timeshared by several system 
elements. Like any unbalanced system, it is highly sus- 
ceptible to common-mode noise, such as ground noise 
and crosstalk. In general, the latter determines the 
maximum physical length of the Bus that can be incorpo- 
rated with acceptable reliability. Crosstalk is a major 
problem in high speed computer Buses which employ 
Schottky Transceivers for increased data rate capability. 
It is therefore highly desirable to minimize crosstalk 
noise in Bus circuits to allow for longer Buses and to 
provide higher system reliability. 

This article describes the operation of the DS3662 Quad 
High Speed Trapezoidal Bus Tranceiver, which has been 
specially designed to minimize crosstalk problems. The 
Driver generates precise Trapezoidal waveforms that 
reduce noise coupling to adjacent Bus channels. The 
Receiver uses a low pass filter, whose time constant is 
matched to the Driver slew rate to provide maximum 
noise rejection with acceptable signal delay character- 
istics. Precision high speed circuitry optimizes noise 
immunity without sacrificing the high data rate capability 
of Schottky Tranceivers. 

II. The Problem 

Conventional Bus Drivers are designed to provide high 
output currents for charging and discharging relatively 
large Bus capacitances quickly. These high speed tran- 
sitions are characterized by peak slew rates of up to 5 
volts/ns around the mid-region of the transition. This 
can cause considerable noise coupling to adjacent 
lines, commonly referred to as crosstalk. Crosstalk also 


includes noise induced by sources external to the Bus. 
Additional noise may be generated due to reflections at 
imperfect terminations. 

Bus Receivers are designed to respond to high speed 
transitions and to provide low propagation delays. 
Unfortunately, their fast response results in high noise 
sensitivity. The combined effect of the noise on the Bus 
and the sensitivity of the Receiver to the noise severely 
limits the Bus performance. 

III. The Solution 

The above situation can be considerably improved by 
employing noise reduction techniques in both the Driver 
and the Receiver circuits. Slew rate control can be used 
in the Driver to reduce crosstalk, and Receiver noise sen- 
sitivity can be reduced by using a low pass filter at its 
input. These techniques are commonly used in line 
transmission circuits where the associated data rates 
in general are considerably lower. However, these 
techniques do present some difficulties in high speed 
Bus circuits. Increased rise and fall times, resulting 
from slew rate control, can affect data rates unless care 
is taken to limit the maximum rise and fall times to mini- 
mum pulse width requirements. With any appreciable 
slew rate control, the rise and fall times of the resulting 
Driver output waveform will be comparable to the pulse 
widths at maximum data rates. This condition dictates 
high fidelity of the transmitted waveform and precise 
Receiver thresholds at the middle of the Bus voltage 
swing in order to minimize pulse width distortion. 
Figure 1 illustrates the different sources of pulse width 
distortion due to the trapezoidal nature of the signal. 


-toe. 


DRIVER OUTPUT 
AND 

RECEIVER INPUT 


Vo/2- -jf- 2 


DRIVER OUTPUT 
VJH AND 

\ RECEIVER INPUT 


RECEIVER OUTPUT 


RECEIVER OUTPUT 


\ / \ DRIVER OUTPUT 

Vo/2— I— tS- \ ^ „ AND 

T if RECEIVER INPUT 


DRIVER OUTPUT 
AND 

RECEIVER INPUT 


RECEIVER OUTPUT 


RECEIVER OUTPUT 


DISTORTION DUE TO OFF CENTERED 
RECEIVER THRESHOLDS (Vth) 


DISTORTION DUE TO NON SYMMETRICAL 
TRAPEZOIDAL DRIVER OUTPUT WAVEFORM 


Figure 1. Pulse Width Distortion 
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IV. The Driver 


The low pass filter in the Receiver should provide opti- 
mum noise rejection without introducing excessive 
delay in passing the signal waveform. In addition, the 
Receiver should have a symmetrical response to positive 
and negative going transitions in order to maintain a 
low level of pulse width distortion, as well as equal 
noise rejection to positive and negative going noise 
pulses. The response of an Ideal low pass filter to signal 
and noise pulses is shown in Figure 2. 

The DS3662 overcomes these and other problems by 
using high speed linear circuitry with on-chip capaci- 
tors for controlling slew rate and low pass filtering. The 
Driver is of open collector type intended for use with 
terminated 120 ohm Buses. The external termination 
consists of a 180 ohm resistor from the Bus to +5 volts 
logic supply with a 390 ohm resistor from the Bus to 
ground. Such a termination results in a Bus logic high 
level of 3.4 volts with V cc at 5 volts {see Figure 2). The 
Bus can be terminated at one or both ends as shown in 
Figure 3. 


Using a Miller Integrator circuit, the Driver generates a 
linearly rising and falling waveform with a constant 
slew rate of 0.2 volts/ns (typical) during the entire period 
of transition. This corresponds to typical rise and fall 
times of 15 ns. Figure 4 compares the output waveform 
of a typical Schottky Driver and the DS3662 under dif- 
ferent capacitive loads. It should be noted that even 
under heavy loading, the regular Drivers have peak slew 
rates that are considerably higher than the average. In 
contrast, the trapezoidal waveform provides con- 
siderably lower slew rate with slightly higher rise and 
fall times. Such an increase in rise and fall time has very 
little effect on data rates. In fact, the high fidelity of the 
transmitted waveform allows pulse widths as low as 
20 ns to be transmitted on the Bus, as shown in Figure 5. 

The block diagram of the Driver is shown in Figures 6 
and 7. When a high to low transition is applied to the 
input, switch ‘S' opens and node ‘A’ is pulled low by the 
current source T. This switches the amplifier output to 
a high state. The slew rate of the output transition is 
limited by the charging current through the capacitor, a 
constant value equal to l/C volts/sec. 


5V 



Figure 2. Ideal Receiver Low Pass Filter Response 
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120 Q UNIFIED DATA BUS 


+ 5V 



Figure 3. Bus Termination 



CD- TYPICAL HIGH SPEED DRIVER OUTPUT UNLOADED 
©- TYPICAL HIGH SPEED DRIVER OUTPUT LOADED 

©- TYPICAL OUTPUT OF CONTROLLED SLEW RATE DRIVER WHICH IS LOAD INDEPENDENT 
©t r = tf = 3 ns NOTE: THE WORD ‘LOADING’ HERE 

®t r =tf = 10 ns REFERS T0 CAPACITIVE 

(3)t r = tf = 15 ns 


LOADING ONLY. 


_n 


DRIVER INPUT 


V 0 a 3.4 V 

V 0 /2 ^kx 11 DRIVER OUTPUT 

OV ' I |X 

I - * — ►) 'pm 

'pm ~ 20 ns tr = tf ~ 15 ns 
(10% TO 90%) 


Figure 4. Waveform Comparison 


Figure 5. Minimum Pulse Width Driver Output 


INPUT 


1 



OUTPUT 


INPUT 


J 



Figure 6. Driver 


Figure 7. Driver 
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Likewise, when a low to high transition is applied to the 
input, switch ‘S’ closes and node ‘A’ is pulled up by the 
‘21’ current source, switching the amplifier output to a 
low state. The capacitor now has an equal but opposite 
charging current which once again limits the slew rate 
to -l/C volts/sec. The inherent tracking ability of I.C. cur- 
rent sources provide equal rise and fall times resulting 
in a symmetrical output waveform. 

The on-chip capacitors are fabricated using back to back 
junction diodes. The use of junction capacitors reduces 
die area and the back to back connection allows operation 
with either polarity. The capacitor terminal, connected to 
the amplifier input, remains at V th = 1.6 volts during the 
output transition. This voltage, being close to the middle 
of the output swing, reduces the effect of the capacitor 
voltage sensitivity on the output waveshape. 

V. The Receiver 

The Receiver consists of a low pass filter followed by a 
high speed comparator with a typical threshold of 1.7 
volts (see Figure 8). This threshold value corresponds to 
the mid-point voltage of the 0 to 3.4 volt Bus swing. It Is 
derived from a potential divider allowing the Bus logic 
levels to track with V cc variations. If the low pass filter 
capacitor is voltage insensitive, this circuit will provide 
equal propagation delay for positive and negative going 
signal transitions on the Bus. In addition, it will also 
provide equal noise rejection to a positive and negativo 


going pulse (see Figure 2). However, the junction capa- 
citors, being voltage sensitive, will exhibit non- 
symmetrical response in the above circuit. This problem 
is overcome in the DS3662 Receiver by using a back to 
back junction capacitor with the ground end biased at 
1.7 volts (see Figure 9). Although the capacitor still 
varies with the voltage at node ‘A’, the variation is sym- 
metrical about 1.7 volts (the middle of the Bus swing) 
and therefore will provide an identical response to tran- 
sitions of either polarity. 

VI. Transceiver Performance 

The characteristics of the trapezoidal Transceiver are 
fully detailed in the device data sheet. Some of the more 
important specifications are discussed below. Both AC 
and DC specifications are guaranteed over a 0-70°C 
temperature range and a supply range of 4.75-5.25 
volts. 

The Driver typically has a propagation delay of 15ns with 
a maximum of 30ns. The Receiver propagation delays 
are specified at 25ns typical and 40ns maximum. The 
Driver output rise and fall times are guaranteed to be 
within 10 to 20ns with a typical of 15ns. The noise im- 
munity of the Receiver Is specified in terms of the width 
of a 2.5 volt pulse that is guaranteed to be rejected by the 
Receiver (see Figure 10). The Receiver typically rejects a 
20ns pulse going positive from ground level or going 
negative from a 3.4 volt logic 1 level. Worst case rejection 
is specified at 10ns. 




Figure 8. Receiver Figure 9. Receiver 


2.5V 

OV 






20 ns 

— 


3.4V 

0.9V 



J 


— 

20 ns 

— 


REJECTS POSITIVE OR NEGATIVE GOING NOISE PULSES OF PULSE WIDTHS UP TO 20 ns TYPICAL. 
DETECTS AND PROPAGATES TRAPEZOIDAL SIGNAL PULSES IN 20 ns TYPICAL. 


Figure 10. Receiver Noise immunity 
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The AC response of the DS3662 Driver and Receiver are 
depicted in Figures 11 and 12 respectively. Figure 11 
shows the typical Driver output waveform as compared 
to a standard high speed Transceiver output. Oscillo- 
grams in Figure 12 demonstrate the ability of the 
Receiver to distinguish the trapezoidal signal from the 
noise. Here the Receiver rejects a noise pulse of 19ns 
width, while accepting a narrower signal pulse ( = 16 ns) 
of the same amplitude (The signal is triangular since the 
pulse width is smaller than the rise and fall time of the 
Trapezoidal Driver output). 

The performance of the Transceiver under actual ope- 
rating condition is demonstrated in Figures 13 through 
15. Oscillograms in Figure 13 clearly show the capa- 
bility of the DS3662 in real life situations. Here it is com- 
pared with the DS8834 under identical conditions. The 
Transceivers drive a minicomputer Bus (flat ribbon 
cable) 100 feet long, terminated at the far end with taps 
at various lengths for connecting to the Receiver input. 
The cable is randomly folded to generate crosstalk 
between the various parts. In addition a noise pulse is 
induced on the signal line by driving an adjacent line 
with a pulse generator. This corresponds to the second 
dominant pulse in the Bus waveforms at approximately 
600ns from the main signal pulse. As can be seen, the 
DS8834 with fast rise and fall times on the Driver output 
generates more crosstalk and its Receiver easily 
responds to this crosstalk and to the externally induced 
noise (even though it has hysteresis!), limiting the use- 


ful Bus length to less than 10 feet. In contrast, the 
DS3662’s Driver generates much less crosstalk and its 
Receiver is immune to the induced noise even when the 
noise amplitude exceeds the signal amplitude as seen 
in the oscillogram at 50 feet. When the same experi- 
ment was repeated with the DS8641, it responded to the 
noise even at 10 feet as shown in Figure 14. 

Figure 15 shows the plots of maximum data rate versus 
line length for the three Transceivers discussed above 
under two different conditions. The graph in Figure 15a 
is obtained with no consideration to the pulse width dis- 
tortion whereas the one in Figure 15b is obtained for a 
maximum allowable pulse width distortion of ±10%. A 
square waveform is used so that the pulse width dis- 
tortion criteria will apply to both positive and negative 
going pulses. These graphs clearly show that the 
DS3662 can be used at considerably higher data rates 
with lower distortion for longer distances than the other 
two Transceivers ( Figure 15b) although the others have 
a slightly higher data rate capability at short distances 
with high timing distortion (Figure 15a). 

VII. Conclusion 

The DS3662, with its combination of a trapezoidal Driver 
and a noise rejecting Receiver utilizing on chip capaci- 
tors, represents a significant improvement in high speed 
Bus circuits and a solution to Bus noise problems com- 
monly encountered In Mini and Microcomputer systems. 




— -TIME 10NS/D1V 

TYPICAL HIGH SPEED BUS DRIVER 
OUTPUT WAVEFORM 


— -TIME 10 NS/D1V 

DS3662 - TRAPEZOIDAL DRIVER 
OUTPUT WAVEFORM 


Figure 11. 



NOISE INPUT — TIME 10NS/D1V SIGNAL INPUT 


Figure 12. DS3662 Receiver Response 
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Figure 15. Data Rate vs. Line Length 
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Reducing Noise on 
Microcomputer Buses 


Abstract: This paper focuses on the noise components 
that have a significant impact on the performance of a 
high speed microcomputer bus. An overview of their 
nature is followed by ways to minimize their contribution 
by suitable design of the PC board backplane, the termina- 
tion network and the bus transceiver. The DS3662 trape- 
zoidal bus transceiver, which is specifically designed to 
minimize such noise on high speed buses, is presented 
along with its performance data. And to conclude, some 
possible new transceiver designs for further improvement 
of the bus performance are explored. 

INTRODUCTION 

As the microcomputer bus bandwidth is extended to 
handle ever increasing clock rates, the noise susceptibil- 
ity of a single-ended bus poses a serious threat to the 
overall system integrity. Thus, it is mandatory that the 
various noise contributions be taken into account in the 
design of the bus transceiver, the PC board backplane and 
the bus terminations to avoid intermittent or total failure 
of the system. 

Although noise such as crosstalk and reflections are inev- 
itable in any practical bus configuration, their impact on 
the system can be determined and minimized by careful 
design of all three components mentioned above. The 
combined contribution of the noise under worst-case con- 
ditions should be within the noise margin for reliable bus 
operation. 

The design of the transceiver plays a significant role in 
minimizing crosstalk and reflection. The bus can be opti- 
mized for minimum noise at a given bandwidth by using a 
trapezoidal driver having suitable rise and fall times along 
with a matched low pass filtered receiver which provides a 
symmetrical noise margin. The DS3662 is one such trans- 
ceiver, the first member in the family of trapezoidal bus 
transceivers available from National Semiconductor 
Corporation. This device represents a significant improve- 
ment in high speed bus circuit design and provides a solu- 
tion to commonly encountered bus noise problems. 


THE MICROCOMPUTER BUS 

A typical microcomputer bus usually consists of a printed 
circuit board backplane with signal and ground traces on 
one side and a ground plane on the other. The length 
ranges from a few inches to several feet with as many as 
32 closely spaced (0.6" typical) card edge connectors. 
Each signal line interacts with the ground plane to form a 
transmission line with characteristic impedance ‘Z’ in the 
range of 900-1 200 typical. It is desirable to have as large a 
‘Z’ as possible in order to reduce the drive requirement of 
the bus driver and to reduce the power dissipated at the 
terminations. But much larger values of ‘Z’ translate to 
significantly larger physical dimensions and therefore are 
not very practical. 
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The bus appears like a transmission line to any signal hav- 
ing a transition time ‘t/ less than the round trip delay ‘2 Tl’ 
of the bus. The bus delay ‘T L ’ is given by: 

T l =LVL 1 Cl (1) 

where L = length of the bus 

LI = distributed inductance per unit length 
Cl = distributed capacitance per unit length 

For a typical unloaded 1000 microstrip line, Cl - 20 pF/ft 
and LI — 0.2 jtH/ft. Therefore, T L = 2.0 ns/ft. This cor- 
responds to approximately half the speed of light. 
However, the capacitive loading at each connector on the 
backplane increases the delay time significantly. The 
loaded delay time ‘T LL ’ is given by: 

T LL = T L Vl+(C L /C1) (2) 

where C L = distributed load capacitance/unit length 

Given a 10 pF loading at each connector (connector + 
transceiver capacitance) and a 0.6" spacing between con- 
nectors, C L = 200 pF/ft and T|_l = 6.6 ns/ft. So even a 6" 
long bus has a 2T LL = 6.6 ns, which is higher than the tran- 
sition time (t r ) of many high speed bus drivers. When in 
doubt, it is always better to use the transmission line ap- 
proach than the lumped circuit approach as the latter Is an 
approximation of the former. Also, the transmission line 
analysis gives more pessimistic (worst-case) values of 
crosstalk and reflection and is, hence, safer. 

CROSSTALK REDUCTION 

The crosstalk is due to the distributed capacitive coupling 
C c and the distributed inductive coupling L c between two 
lines. When crosstalk is measured on an undriven sense 
line next to a driven line (both terminated at their 
characteristic impedances), the near end crosstalk and 
the far end crosstalk have quite distinct features, as 
shown in Figure 1 . Their respective peak amplitudes are: 

V NE = K NE (2T L )(V,/t r ) fort r >2T L (3) 

Vne=K N e(V|) . fort r <2T L (4) 

V FE = K fe (L) (V |/t r ) (5) 

where V t = signal swing on the drive line. 

The coupling constants are given by the expressions: 

L (C c Z + L c /Z) 

*NE = — W 

4T l 

K fe = - cZ ^ - Lc - ns/ft (7) 

The near end component reduces to zero at the far end and 
vice versa. At any point in between, the crosstalk is a frac- 
tional sum of near and far end crosstalk waveforms shown. 

It should be noted from expressions 6 and 7 that the far 
end crosstalk can have either polarity whereas the near 
end crosstalk always has the same polarity as the signal 
causing it. In microstrip backplanes the far end crosstalk 
pulse is usually the opposite polarity of the original signal. 


240 



Although the real world bus is far from the ideal situation 
depicted in Figure 1, several useful observations that 
apply to a general case can be made: 

1. The crosstalk always scales with the signal amplitude. 

2. Absolute crosstalk amplitude is proportional to slew 
rateV|/t r , not just 1/t r . 

3. Far end crosstalk width is always t r . 

4. For t r <2TL, the near end crosstalk amplitude V NE ex- 
pressed as a fraction of signal amplitude V| is a function 
of physical layout only. 

5. The higher the value of V the lower the percentage of 
crosstalk (relative to signal amplitude). 

The corresponding design implications are: 

1 . The noise margin expressed as a percentage of the sig- 
nal swing is what’s important, not the absolute noise 
margin. Therefore, to improve noise immunity, the percent- 
age noise margin has to be maximized. This is achieved by 
reducing the receiver threshold uncertainty region and by 
centering the threshold between the high and low levels. 


2. Smaller signal amplitude with the same transition time 
reduces bus drive requirements without reducing noise 
immunity. 

3. Far end crosstalk is eliminated if the receiver is de- 
signed to reject pulses having pulse widths less than or 
equal to t r - 

4. When t r < 2T L , the near end crosstalk immunity for a 
given percentage noise margin has to be built into the 
backplane PC layout. Since (V ne /V|) = Kne for this case, 
K ne should be kept lower than the available worst-case 
noise margin. K NE may be reduced by either increasing the 
spacing between lines or by introducing a ground line in 
between. The ground line, in addition to increasing the 
spacing between the signal lines, forces the electric field 
lines to converge on it, significantly reducing crosstalk. 

5. For minimum crosstalk the rise and fall times of the 
signal waveform should be as large as possible consis- 
tent with the minimum pulse width requirements of the 
bus. A driver that automatically limits the slew rate of the 
transition can go a long way in reducing crosstalk. 




TL/F/52B1-1 

FIGURE 1. Crosstalk Under Ideal Conditions 
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CROSSTALK MEASUREMENT 

When multiple lines on either sideof the sense lines switch 
simultaneously the crosstalk is considerably larger, 
typically 3.5 times the single line switching case for 
microstrip backplanes. Also, the location of the drivers on 
the driven lines and the receiver on the sense line for 
worst-case crosstalk differs for the near end and far end 
cases as shown in Figures 2 and 3 for a uniformly loaded 
bus. But if the far end crosstalk is not of the opposite 
polarity, then the combined effect of far end and near end 
crosstalk could have a larger amplitude and pulse width at 
a point near the middle of the sense line in Figure 2. So in a 
general case, or in the case of a non-uniformly loaded bus, 
it is advisable to check the sense line at several locations 
along the length of the bus to determine the worst-case 
crosstalk. The measurement should be made for both the 
positive and the negative transition of the drive signal. 


THE TERMINATION 

A properly terminated transmission line has no reflec- 
tions. But a practical microcomputer bus is neither a 
perfect transmission line nor is it properly terminated 
under all conditions. The capacitive loading at discrete 
locations, such as a used card slot, act as sources of 
reflection. However, in the limiting case when the bus is 
uniformly populated with a large number of modules, the 
bus behaves like a lower impedance transmission line. 
The loaded impedance ‘Z L ’ of the bus is given by the 
expression: 

Z|_= Z (8) 

Vi + C L /C1 

where Z = unloaded line impedance 
Unfortunately, uniform loading of the bus is not guaran- 
teed at all times and even if it were (by dummy loading of 


BUS 



FIGURE 2. Worst-Case Far End Crosstalk Measurement 



Note: Al! lines terminated at both ends (not shown) , 


FIGURE 3. Worst-Case Near End Crosstalk Measurement 
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the unused slots) Z L is usually too low for proper termina- 
tion of the bus. For example, a 10 pF per module loading of 
the 1000 microstrip bus at 0.6" spacing results in aZ L = 300. 
One such termination at each end will require a 200 mA 
drive capacity on the bus driver for a nominal 3V swing. 
Such large drive currents and low value terminations in- 
crease the power dissipation of the system significantly in 
addition to causing other problems such as increased 
ground drop, inductive drops in traces due to large current 
being switched, etc. As a compromise the bus is usually 
terminated at an impedance higher than Z L but less than 
or equal to Z. Consequently, there is always some amount 
of reflection present. For a perfect transmission line the 
reflection coefficient T" is given by the well known 
expression: 


r = 


z-R, 

Z+R, 


( 9 ) 


whereZ = impedanceof the bus 
R t = termination resistance 

The net effect, in the general case of a nonuniformly loaded 
bus, is that it may take several round trip bus delays after a 
bus driver output transition, before the quiescent voltage 
level is established. However, this delay is avoided by 
using a bus driver that has sufficient drive to generate a 
large enough voltage step during the first transition to 
cross well beyond the receiver threshold region under the 
worst-case load conditions. 


Figure 4 illustrates the driver output waveform under such 
a condition. Here the fully loaded bus (with Z L = 30fl), of 
the previous example, is driven by the DS3662 bus trans- 
ceiver at the mid point. The driver is actually driving two 
transmission lines of Z L = 300 in either direction from the 
middle and hence the initial step is given by: 



where l s = Standing current on the bus due to each 
termination 


For the DS3662, the termination can be designed for 
21s = 100 mA and therefore: 

VI =(30/2)100 = 1.5V 


This value of the initial swing is large enough to cross the 
narrow threshold region of the receiver as shown and 
therefore no waiting period is required for the reflections 
to build up the output high level. On the negative transition 
the problem is less critical due to the much higher sink 
capability of the DS3662 during pull down. 

Reflections can also be caused by resistive loading of the 
bus by the DC input current of the receiver. The resulting 
reflection coefficient (r) is given by the expression: 

r =- 1 , 2 (if) i 11 ' 

where Ir = receiver input current 


Having a receiver with a high input impedance not only 
makes this component of reflection insignificant but also 
reduces the DC load on the driver, allowing the use of 
lower value termination resistors. This is particularly true 
when a large number of modules are connected to the bus. 

The design implications of the above discussion may be 
summarized as follows: 



1. If the driver has adequate drive to produce the 
necessary voltage swing under the worst-case loading 
(Z L /2), reflections do not restrict the bus performance. 
This translates to a 100 mA minimum drive requirement for 
a typical microstrip bus. 


2. If the drive is insufficient, time should be allowed for 
the reflections to build up the voltage level before the data 
is sampled. 


3. For signals such as clock, strobe, etc., wherein the 
edge is used for triggering events, it is mandatory that the 
driver meet the above drive requirements if delayed or 
multiple triggering is to be avoided. 


4. An ideal TTL bus transceiver should have at least a 
100 mA drive, a high input impedance receiver with a nar- 
row threshold uncertainty region. 
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TL/F/5281-4 


FIGURE 4. Worst-Case DS3662 Output Transition for Z L = 150 and R T = 5011 
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THE DS3662 TRANSCEIVER 

The DS3662 quad trapezoidal bus transceiver has been 
designed specifically to minimize the noise problems 
discussed previously. The driver generates precise trape- 
zoidal waveforms that reduce crosstalk and the receiver 
uses a low pass filter to reject noise pulses having pulse 
widths up to the maximum driver output transition times. 
Precision output circuitry optimizes noise immunity with- 
out sacrificing the high data rate capability of Schottky 
transceivers. 

Figure 5 shows the recommended configuration for 
microcomputer buses. The use of a 3.4V source with a 
single termination resistor at each end reduces the 
average power dissipation of the bus. However, a two 
resistor termination connected between the line and the 
power rails, having the same Thevenin’s equivalent, can 
be substituted for lower cost. 


Using a Miller integrator circuit, the driver generates a 
linearly rising and falling waveform with a constant slew 
rate of 0.2 V/ns (Figure 7). This corresponds to a nominal 
transition time of 15 ns. Figure 6 compares the output 
waveform of a typical high speed driver to that of DS3662 
under different load conditions. It should be noted that 
even under heavy loading, the regular drivers have peak 
slew rates that are much higher than the average. On the 
other hand, the trapezoidal waveform has a much lower 
slew rate with only a slight increase in the transition time. 
Such an increase in the transition time has little or no ef- 
fect on the data rates. In fact, the high fidelity of the 
DS3662 driver output waveform allows pulse widths as 
low as 20 ns to be transmitted on the bus. 



R-f = 50S1 to 900 


FIGURE 5. Recommended Bus Termination for Heavily 
Loaded Microstrip Backplanes 



Note 1: Typical high speed driver output unloaded; t r = tf == 3 ns 
Note 2: Typical high speed driver output loaded; t r = tf= 10 ns 

Note 3: Typical output ot controlled slew rate driver which is load independent; t r = tf= 15 ns 

FIGURE 6. Waveform Comparison 
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FIGURE 7. DS3662 Driver 
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The receiver consists of a low pass filter followed by a 
high speed comparator, with a typical threshold of 1.7V 
(Figure 8). The noise immunity of the receiver is specified 
in terms of the width of a 2.5V pulse that is guaranteed to 
be rejected by the receiver (Figure 9). The receiver typically 
rejects a 20 ns pulse going positive from the ground level 
or going negative from the 3.4V logic 1 level. The receiver 
threshold lies within a specified 400 mV region over the 
supply and temperature range and is centered between 
the low and high levels of the bus for a symmetrical noise 
margin. 


Other features of the device include a 100 /iA maximum DC 
bus loading specification under power ON or OFF condi- 
tion and a glitch-free power up/down protection on the bus 
output. 

Figure 10 shows the typical driver output waveform as 
compared to a standard high speed transceiver output. 
Oscillograms in Figure 11 demonstrate the ability of the 
receiver to distinguish the trapezoidal signal from noise. 
Here the receiver rejects a noise pulse of 19 ns width, 
while accepting a narrower signal pulse (16 ns) of the 
same peak amplitude (the signal is triangular because of 
the pulse width which is smaller than the transition time). 



FIGURE 8. DS3662 Receiver 







— 

20 ns 

— °' 9V 

20 ns 

— 


TUF/5281-9 



Rejects positive or negative going noise pulses of pulse widths up 
to 20 ns typical. Detects and propagates trapezoidal signal pulses 
in 20 ns typical. 

FIGURE 9. Receiver Noise Immunity 


Typical High Speed Bus Driver DS3662— Trapezoidal Driver 



-TIME 10 ns/DIV 

TL/F/5281 10 


FIGURE 10. Output Waveforms 



NOISE INPUT — - TIME 10 ns/DIV SIGNAL INPUT 


TUF/5281-11 


FIGURE 11. DS3662 Receiver Response 
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The performance of the transceiver under actual operat- 
ing conditions is demonstrated in Figure 12. The 
oscillograms clearly show the capability of the DS3662 in 
real life situations. Here it is compared with the DS8834 
under Identical conditions. The transceivers drive a mini- 
computer bus (flat ribbon cable) 100 feet long, terminated 
at the far end with taps at various lengths for connecting 
to the receiver input. The cable is randomly folded to 
generate crosstalk between the various parts. In addition, 
a noise pulse induced on the signal line by driving an adja- 


cent line with a pulse generator. As can be seen, the 
DS8834 device with fast rise and fall times on the driver 
output generates more crosstalk and its receiver easily 
responds to this crosstalk and to the externally induced 
noise (even though it has hysteresis!), limiting the useful 
length of the bus to less than 10 feet. In contrast, the 
DS3662’s driver generates much less crosstalk and its 
receiver is immune to the induced noise even when the 
noise amplitude exceeds the signal amplitude as seen on 
the oscillogram at 50 feet. 


DS8834 (400 mV Hysteresis) 


DS3662 (No Hysteresis) 




DRIVER 

INPUT 


0 FEET 


DRIVER 

OUTPUT 





-TIME 100NS/DIV 


TL/F/5281-12 


FIGURE 12. DS3662 vs Typical Schottky Transceiver— Real World Performance 
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WHAT NEXT? 


CONCLUSION 


Since crosstalk scales with the signal amplitude, reduc- 
ing the signal swing has no effect on the noise immunity 
as long as the percentage noise margin remains the same. 
On the other hand, there are several advantages in having 
a lower signal swing. It reduces the drive current require- 
ment of the driver thus reducing its output capacitance. 
Lower capacitive loading on the bus decreases its impe- 
dance reducing the drive requirement even further. Having 
a lower current drive not only reduces the power dissi- 
pated at the terminations but also allows better matching 
of the termination due to the increased line impedance. In 
the ideal limiting case the driver has negligible loading ef- 
fect on the bus and thus allows perfect termination under 
all load conditions. 

In practice however, there are some obvious limitations. 
The receiver thresholds have to be maintained within 
tighter limits at lower signal swings to maintain the same 
percentage noise margin. Also, the capacitive loading is 
difficult to reduce beyond a certain point, due to the 
diminishing return in the way of lower current rating, as 
the loaded bus impedance approaches the unloaded im- 
pedance. However, the capacitance of an open collector 
driver output can be reduced significantly by using a 
Schottky diode as shown in Figure 13. The diode isolates 
the driver capacitance when the output is disabled. Using 
reduced signal swings and precise receiver thresholds, 
such a transceiver can provide significant improvements 
in microcomputer bus performance. 


A well designed bus transceiver goes a long way in improv- 
ing the noise immunity of a single-ended TTLbus. Further 
improvements in bus performance may come from the use 
of reduced voltage swings and better transceiver designs 
for lower bus loading and tighter receiver threshold limits. 
Although such approaches may not be TTL compatible,- 
the improvement in performance gained may indeed jus- 
tify a new standard for bus transceivers. 
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FIGURE 13. High Speed Bus Transceiver with Low Output 
Loading for Microcomputer Backplanes 
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DS3666 


Bus Transceivers 


DS3666 IEEE-488 GPIB Transceiver 


General Description 


The DS3666 is a high-speed-Schottky 8-channel bi- 
directional transceiver designed to interface TTL/MOS 
logic to the IEEE Standard 488-1978 General Purpose Inter- 
face Bus. PNP inputs are used at all driver inputs for 
minimum loading, and hysteresis is provided at ail 
receiver inputs for added noise margin. The IEEE-488 
required bus termination is provided internally with an ac- 
tive turn-off feature which disconnects the termination 
from the bus when V cc is removed. A power up/down pro- 
tection circuit is included at all bus outputs to provide 
glitch-free operation during V cc power up or down. 
Implementing the IEEE-488 bus interface is accomplished 
by connecting two DS3666 devices together using the ex- 
pansion control inputs provided. Each device is assigned 
to 4 data channels and 4 management signal channels to 
achieve the 16-line format. 


Features 

■ 8-channel bi-directional non-inverting transceivers 

■ Bi-directional control implemented with TRI-STATE® 
output design 

■ Meets IEEE Standard 488-1978 

■ High speed Schottky design 

■ Low power consumption 

■ High impedance PNP inputs (drivers) 

■ 500 mV (typ) input hysteresis (receivers) 

■ On-chip bus terminators 

■ No bus loading when Vcc is removed 

■ Power up/down protection (glitch-free) 

■ Mode control implements 2-device expansion for com- 
plete IEEE-488 interface configuration 

■ Accommodates multi-controller systems 


Connection Diagram 


Dual-ln-Line Package 


BUS < DATA C 



Order Number DS3666N 
See NS Package N24C 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 


2-48 



Logic Diagram 


TERMINAL 


REN/IFC 


NRFD/NDAC 


SRQ/DAV 


EOI/ATN 


ATN/EOI 



REN/IFC 


NRFD/NDAC 


EOI/ATN 


Note 1: 


Note 2: 


- 0 - 


Denotes driver 


Denotes receiver 


Note 3: Symbol "OC” specifies open col- 
lector output 

Note 4: Driver and' receiver outputs that 
are not specified “OC” are totem-pole 
configurations 

Note 5: The data and SRQ/DAV driver out- 
puts can have theiractive pull-ups disabled 
by switching the appropriate inputs EOI/ATN, 
Mode, and ATN/EOI. This mode configures 
the outputs as open collector. 
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Device Truth Tables 

TRANSCEIVER DIRECTION 


Control Input Level 

Transceiver Signal Direction 

Mode 

SC 

TE 

DC 

ATN/EOI 

REN/IFC 

NRFD/NDAC 

SRQ/DAV 

1 31 
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H 
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' T 
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OUTPUT CONFIGURATION 


| Control Input Level 

Transceiver Bus Output Configuration | 

Mode 

ATN/EOI 

EOI/ATN* 

Data 

SRQ/DAV 

X 

H 

H 

Totem-Pole 


X 

H 

L 

Totem-Pole 


X 

L 

H 

Totem-Pole 


X 

L 

L 

Open Collector 


H 

X 

X 


Totem-Pole 

L 

X 

X 


Open Collector 


H = High level input 
L= Low level input 
X = Don't care 

T = Transmit, i.e., signal outputted to bus 
R = Receive, i.e., signal outputted to terminal 
*The EOI/ATN transceiver signal level Is sensed for internal logic control of bus port data 
output configuration 


Functional Description 

The DS3666 is an 8-channel bi-directional transceiver with 
internal logic specifically configured to implement the 
IEEE-488 bus interface. Expansion logic is included so 
that two DS3666 devices may be interconnected to form 
the complete 16-line interface. This approach is equivalent 
to pairing the DS75160A and the DS75162A devices to im- 
plement the 16-line bus. The port connections to the bus 
lines have internal terminators, in accordance with the 
IEEE-488 Standard, that are deactivated when the device 
is powered down. This feature guarantees no bus loading 
when V cc = 0V. The bus port data outputs have a control 
mode that either enables or disables the active upper 
stage of the totem-pole configuration. When the upper 
stage is disabled, the data outputs operate as open collec- 
tor outputs, which are necessary for parallel polling. In 
compliance with the system organization of the manage- 
ment signal lines, the NRFD/NDAC bus port output is a 
fixed open collector configuration. Also, the SRQ/DAV bus 
port output is configured so that the SRQ output is open 
collector in the expanded implementation of the device. 
Transceiver direction control is divided into three groups. 
The NRFD/NDAC and data lines are controlled by the TE 
input. The REN/IFC line is controlled by the SC input. And 


the EOI/ATN and SRQ/DAV lines are controlled by theTEor 
DC input, depending on the expansion mode. A special 
case is the direction of the designated EOI line, which is a 
function of both the TE and DC inputs, as well as the logic 
level present on the ATN line. 


TABLE OF SIGNAL LINE ABBREVIATIONS 


Signal Line 
Classification 

Mnemonic 

Definition 

Control 

Signals 

DC 

Direction Control 

TE 

Talk Enable 

SC 

System Controller 

Data 
I/O Ports 

BHH 

Bi-directional Data 
Transceivers 

Management 

Signals 

ATN 

Attention 

DAV 

Data Valid 

EOI 

End or Identify 

IFC 

Interface Clear 

NDAC 

Not Data Accepted 

NRFD 

Not Ready for Data 

REN 

Remote Enable 

SRQ 

Service Request 
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IEEE-488 Interface Configuration Truth Tables {see Configuration Diagram) 


MANAGEMENT SIGNALS 


DATA SIGNALS 


Control Input Level 



Transceiver Signal Direction 
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Level 

Data Transceivers 



MM 

H»]fjtt=»PIil 

Bus Port Configuration 

■a 

D 

L 

R 

Input 

n 

n 

H 

T 

Totem-Pole Output 

n 

n 

H 


Totem-Pole Output 

n 


H 


Totem-Pole Output 

n 

n 

H 

mm 

Open Collector Output 


H = High level input 
L= Low level Input 
X = Don’t care 

T = Transmit, i.e., signal outputted to bus 
R = Receive, i.e., signal outputted to terminal 

The ATN signal level Is sensed for internal multiplex control of EOI transmission direction logic 


IEEE-488 Interface Configuration 
Implementation Using the DS3666 


Terminal Interface 
Block Diagram 


IFC ■ 
NDAC • 
DATA (B1) ■ 
DATA (B2) ■ 
DATA (B3) ■ 
DATA (B4) ■ 

ATN ■ 
DAV- 


REN ■ 
NRFD ■ 
DATA (B5) • 
DATA (B6) • 
DATA (B7) • 
DATA (B8) ■ 

EOI ‘ 
SRQ ■ 


24 

— Vcc 
^(NOT 
22 USED) 


21 


K9B 

■ 

mm 

KZ9H 

■ 

mm 

CBH 

■ 

mm 


^■Vcc 
— (NOT 
22 USED) 


■ IFC 

' NDAC 
' DATA (D1) 
' DATA (D2) 

■ DATA (D3) 

■ DATA (D4) 

■ ATN 

■ DAV 


> REN 

■ NRFD 

■ DATA (05) 

■ DATA (DB) 

■ DATA (D7) 

■ DATA (08) 

■ EOI 

' SRQ 



TE SC 
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Operating Conditions 


Absolute Maximum Ratings (Note i) 


Supply Voltage, V cc 

7.0V 

V cc ,Supp!yVoltage 

Min 

4.75 

Max 

5.25 

Units 

V 

Input Voltage 

5.5V 

T a , Ambient Temperature 

0 

70 

°C 

StorageTemperature Range 

- 65°Cto 150°C 

Iol, Output Low Current: Bus 


48 

mA 

Maximum Power Dissipation* at 25°C 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

1 Derate molded package 1 6.0 mW/°C above 25“C. 

2005 mW 
300 °C 

Terminal 


16 

mA 


Electrical Characteristics (Notes 2 and 3} 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

High-Level Input Voltage 


2 



V 

VlL 

Low-Level Input Voltage 




0.8 

V 

V IK 

Input Clamp Voltage 

li= -18 mA 


-0.8 

-1.5 

V 

Vhys 

Input Hysteresis 

Bus 


400 

500 


mV 

V OH 

High-Level 
Output Voltage 

Terminal 

Ioh = - 800 a A 

2.7 

3.5 


V 

Bus (Note 5) 

l 0H = - 5.2 mA 

2.5 

3.4 


V OL 

Low-Level 
Output Voltage 

Terminal 

Iol = 16 mA 


0.3 

0.5 

V 

Bus 

Iol = 48 mA 


0.4 

0.5 

IlH 

High-Level 
Input Current 

Terminal 

and 

Control 

Inputs 

V| = 5.5V 


0.2 

100 

fiA 

V| = 2.7V 


0.1 

20 

l|L 

Low-Level 
Input Current 

V| = 0.5V 


-10 

-100 

n A 

V BIAS 

Terminator Bias 
Voltage at Bus Port 

Bus 

Driver 

Disabled 

•i(bus) = 0(No Load) 

2.5 

3.0 

3.7 

V 

1 

Terminator 
Bus Loading 
Current 

Driver 

Disabled 

— BBIliilM 

-1.3 



mA 

V| ( bus) = 0.4V to 2.5V 

0 


-3.2 

V| ( bus) = 2.5V to 3.7V 



tm 

V|(bus) = 3.7V to 5V , 

0 


2.5 

V| (b us) = 5V to 5.5V 

0.7 


2.5 

V C c = 0, V, (bus) = 0V to 2.5V 



40 

/*A 

■ 

Short-Circuit 
Output Current 

Terminal 

V, = 2V, V 0 = 0V (Note 4) 

-15 

-35 

-75 

mA 

Bus (Note 5) 

-35 

-75 

-150 

•cc 

Supply Current 


V| = 0.8V, SC = 2.0 V, TE = 2.0V, 
DC = 2.0V, Mode = 2.0V, 
ATN/EOI = 2.0V 


90 

135 

mA 

C IN 

Bus-Port 

Capacitance 

Bus 

V CC = 5V or 0V, V| = 0V to 2V, 
f = 1 MHz 


20 

30 

pF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, mln/max limits apply across the 0°C to + 70'C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T a = 25°C and Vcc = 5 0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4; Only one output at a time should be shorted. 

Note 5: This characteristic does not apply to the NRFD/NDAC bus output since it Is open collector. 
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Switching Characteristics v cc = s.ov ± 5 %, t a = o°c to 7o°c (Note i> 



Parameter 

From 

To 

Conditions 

Min 

Typ 

Max 

Units 

IPLH 

Propagation Delay Time, 
Low to High Level Output 

Terminal 

Bus 

V l = 2.3V 
R l = 38.30 
C l = 30 pF 
Figure 1 


10 

20 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 


14 

20 

tpLH 

Propagation Delay Time, 
Low to High Level Output 

Bus 

Terminal 

V l = 5.0V 
R l = 2400 
C L = 30 pF 
Figure 2 


14 

20 

ns 

tpHL 

Propagation Delay Time, 
High to Low Level Output 


10 

20 

D 

Output Enable Time 
to High Level 

Control 
Inputs 
(Note 2) 
(Note 3) 

Bus 

V, = 3.0V 
V L = 0V 
R L = 4800 
C L = 15 pF 
Figure 1 


23 

40 

ns 

tpHZ 

Output Disable Time 
from High Level 


15 

27 

tpZL 

Output Enable Time 
to Low Level 

V| = 0V 
V L = 2.3V 
R l = 38.30 
C L = 15 pF 
Figure 1 


28 

48 

ns 

tpLZ 

Output Disable Time 
from Low Level 


17 

35 

tpZH 

Output Enable Time 
to High Level 

Control 
Inputs 
(Note 2) 
(Note 3) 

Terminal 

V, = 3.0V 
V L = 0V 
R L = 3 kO 
C L = 15 pF 
Figure 1 


18 

45 

ns 

■ 

Output Disable Time 
from High Level 


22 

33 

tpZL 

Output Enable Time 
to Low Level 

V, = 0V 
V l = 5V 
R l = 2800 
C L = 15 pF 
Figure 1 


28 

56 

ns 

■ 

Output Disable Time 
from Low Level 


20 

35 

tpZH 

Output Pull-Up Enable 
Time 

ATN/EOI 
Input 
(Note 2) 

Bus 

Data 

Outputs 

V, = 3V 
V L = 0V 
R l = 4800 
C L = 15pF 
Figure 1 


10 

20 

ns 

tpHZ 

Output Pull-Up Disable 
Time 


10 

20 


Note 1: Typical values are for Vcc = 5 0V and T A = 25°C and are meant for reference only. 

Note 2: Refer to functional truth table for control input definition. 

Note 3: Test configuration should bo connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the 
output connected to that input becomes active. 


Switching Load Configurations 


V L 



Vc logic high = 3.0V 
V C logic low = 0V 

* C|_ includes jig and probe capacitance 


v L 



*C|_ includes jig and probe capacitance 


FIGURE 1 


FIGURE 2 
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DS3666 


Switching Waveforms 


Transmit Propagation Delays 



Terminal Enable/Disable Times 



Performance Characteristics 



-2 -1 0 1 2 3 4 5 6 

Vi -BUS VOLTAGE (V) 

TL/F/5244-11 


Refer to Electrical Characteristics Table 
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IEEE-488 Specification Summary 

Logic Nomenclature. When referring to the IEEE-488 
specification publication, the following logic conventions 
are used: 

1) A “true” condition corresponds to a logic low signal 
level. 

2) A “false” condition corresponds to a logic high signal 
level. 

Bus Specification. The IEEE-488 bus is comprised of 16 
signal lines intended for digital data exchange at a maxi- 
mum rate of 1 Mbaud and for a maximum transmission 
path length of 20 meters. 

Terminal Devices. The IEEE-488 bus will support a maxi- 
mum of 15 interconnected devices. These devices may be 
configured in four different modes of operation: 

1) Talk only (e.g., counter) 

2) Listen only (e.g., printer) 

3) Listen and talk (e.g., multimeter) 

4) Listen, talk, and control (e.g., calculator) 

Data Bus. The data bus has 8 signal lines, denoted DI0 1 
through DIO 0 . These lines carry data and interface 
messages in a bi-directional asynchronous, bit parallel, 
byte serial form. 

Data Byte Transfer Control Bus. These 3 signal lines are 
used to control the transfer of data bytes across the data 
bus lines. 

1) NRFD (Not Ready for Data). This signal originates from 
a listen device and indicates to a talker that a listen 
device is not ready to accept data. 


2) DAV (Data Valid). This signal originates from a talker 
device and indicates to a listen device that data present 
on the data bus is valid. 

3) NDAC (Not Data Accepted). This signal originates from 
a listen device and indicates to a talker device that data 
on the data bus has not been accepted. 

General Interface Management Bus. These 5 signal lines 

provide general management of all bus operations. 

1) ATN (Attention). This signal originates from a controller 
device and indicates to other devices on the bus how 
the data bus information is to be interpreted. 

2) IFC (Interface Clear). This signal originates from a con- 
troller device and causes all interface logic to be set to 
a known state. 

3) REN (Remote Enable). This signal originates from a 
controller device and is used in conjunction with other 
messages to tell a remote device which of two sources 
of information is to be used. The source is designated 
as being remote or local. 

4) SRQ (Service Request). This signal is generated by a 
remote device to indicate to the controller device a 
need for attention. 

5) EOI (End or Identify). This signal is generated by a talker 
device to indicate the end of a multibyte transfer. This 
signal may also originate from a controller, in conjunc- 
tion with ATN to execute a polling sequence. 
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Bus Transceivers 


Semiconductor 


DS3667 TRI-STATE® Bidirectional Transceiver 


General Description 


The DS3667 is a high speed Schottky 8-channel bidirec- 
tional transceiver designed for digital information and 
communication systems. Pin selectable totem-pole/open 
collector outputs are provided at all driver outputs. This 
feature, together with the Dumb Mode which puts both 
driver and receiver outputs in TRI-STATE at the same time, 
means higher flexibility of system design. PNP inputs are 
used at all driver inputs for minimum loading, and 
hysteresis is provided at all receiver inputs for added 
noise margin. A power up/down protection circuit is in- 
cluded at all outputs to provide glitch-free operation 
during V cc power up or down. 


Features 

■ 8-channel bidirectional non-inverting transceivers 

■ Bidirectional control implemented with TRI-STATE 
output design 

■ High speed Schottky design 

■ Low power consumption 

■ High impedance PNP inputs (drivers) 

■ Pin selectable totem-pole/open collector outputs 
(drivers) 

■ 500 mV (typ) input hysteresis (receivers) 

■ Power up/down protection (glitch-free) 

■ Dumb Mode capability 


Connection Diagram 


Dual-ln-Line Package 



-TERMINAL 


Order Number DS3667N 
See NS Package N20A 

TRI-STATE*’ is a registered trademark of National Semiconductor Corp. 
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Logic Diagram 


Functional Truth Table 


Control 

Input 

Level 

Data Transceivers 

TE 

PE 

Mode 

Bus Port 

Terminal Port 

H 

H 

T 

Totem-Pole 

Output 

Input 

H 

L 

T 

Open 

Collector 

Output 

Input 

L 

H 

R 

Input 

Output 

L 

L 

D 

TRI-STATE 

TRI-STATE 


H: High Level Input 
L: Low Level Input 
T: Transmitting Mode 
R: Receiving Mode 
D: Dumb Mode 


Note 1: ~ | [£>— Denotes driver 
Note 2: Denotes receiver 
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Absolute Maximum Ratings (Note i) 


Supply Voltage, V cc 7.0V 

Input Voltage 5.5V 

StorageTemperature Range - 65°Cto 150°C 

Maximum Power Dissipation* at 25°C 
Molded Package 1832mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate molded package 14.7 mWI*C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


v cc> Supply Voltage 
T a , Ambient Temperature 
l 0L , Output Low Current 
Bus 

Terminal 


Min Max Units 


4.75 

0 


5.25 

70 


48 

16 


V 

°C 

mA 

mA 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V, H 

High Level Input Voltage 


2 



V 

V, L 

Low Level Input Voltage 




0.8 

V 

V,K 

Input Clamp Voltage 

li= -18 mA 


-0.8 

-1.5 

V 

V HYS 

Input Hysteresis 

Bus 


400 

500 


mV 

X 

o 

> 

High Level 
Output Voltage 

Terminal 

Iqh — — 800 (iA 

2.7 

3.5 


V 

Bus 

l 0 H= - 5.2 mA 

2.5 

3.4 


o 

> 

Low Level 
Output Voltage 

Terminal 

l OL = 16 mA 


0.3 

0.5 

V 

Bus 

1 ol = 48 mA 


0.4 

0.5 

I 

High Level 
Input Current 

TE, PE 

V, = 5.5V 

, 

0.2 

100 

nA 

V, = 2.7V 


0.1 

20 

Terminal 
and Bus 

< 

il 

■t*. 

< 



200 

■ 

Low Level 
Input Current 

Terminal 
and TE, RE 

V, = 0.5V 


-10 

-100 

frA 

Bus 


-0.4 

-1.0 

mA 

•os 

Short Circuit 
Output Current 

Terminal 

V, = 2V, V o = 0V (Note 4) 

-15 

-35 

-75 

mA 

Bus 

— 50 

-120 

-200 

•cc 

Supply Current 

Transmit, TE = 2V, PE = 2V, V, = 0.8V 


75 

100 

mA 

Receive, TE = 0.8V, PE = 2V, V, = 0.8V 

' 

65 

90 

C|N 

Bus-Port 

Capacitance 

Bus 

v cc =ov, V,=0V, 
f= 10 kHz (Note 5) 


20 

30 

pF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device, should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
val ues are for T A = 25 °C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: This parameter Is guaranteed by design. It Is not a tested parameter. 
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Switching Characteristics v cc = s.ov ± 5%, t a = o°c to 7o°c (Note i) 


Parameter 

tpLH 

Propagation Delay Time, 
Low to High Level Output 

tpHL 

Propagation Delay Time, 
High to Low Level Output 

l PLH 

Propagation Delay Time, 
Low to High Level Output 

l PHL 

Propagation Delay Time, 
High to Low Level Output 

l PZH 

Output Enable Time 
to High Level 

tpHZ 

Output Disable Time 
from High Level 

l PZL 

Output Enable Time 
to Low Level 

tpLZ 

Output Disable Time 
from Low Level 

f PZH 

Output Enable Time 
to High Level 

l PHZ 

Output Disable Time 
from High Level 

l PZL 

Output Enable Time 
to Low Level 

{ PLZ 

Output Disable Time 
from Low Level 

{ PZH 

Output Pull-Up Enable 
Time 

tpHZ 

Output Pull-Up Disable 
Time 


From To 





V L = 2.3V 
R L = 38.3Q 
C L = 30 pF 
Figure 1 


V L = 5.0V 
_ . , R l =2400 

Term,nal Cl = 30 pF 
Figure 2 


V, = 3.0V 
V L = 0V 
Rj_ = 4800 
C|_= 15 pF 
Figure 1 


V, = 0V 
V L = 2.3V 
R L = 38.30 
C L = 15 pF 
Figure 1 








V, = 0V 
V l = 5V 
R l = 2800 
C[_= 15 pF 
Figure 1 


V 

V 
R 
C 


Note 1: All typical values are for T A = 25°C, Vqq = 5V. 

Note 2: Refer to Functional Truth Table for control input definition. 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when 
the output connected to that input becomes active. 




Typ 

Max 

Units 

10 

20 

ns 

14 

20 

ns 

15 

20 

ns 

10 

20 

ns 

19 

30 

ns 

15 

20 

ns 

24 

40 

ns 

17 

30 

ns 

19 

35 

ns 

17 

25 

ns 

27 

40 

ns 

17 

30 

ns 

10 

20 

ns 

10 

20 

ns 


Switching Load Configurations 



Vq logic high = 3.0V 
Vq logic low = 0V 

' Cl includes jig and probe capacitance 

FIGURE 1 



C l V 1N914 


Vc logic high = 3.0V I 
Vq logic low = 0V “ ’ 

TUF/5245-4 

* Cl includes jig and probe capacitance 

FIGURE 2 
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Switching Waveforms 


Transmit Propagation Delays 



Receive Propagation Delays 



Terminal Enable/Disable Times 



Bus Enablc/Disablc Times 
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National Bus Transceivers 

Semiconductor 

DS75160A/DS75161 A/DS75162A IEEE-488 GPIB Transceivers 

General Description Features 

This family of high-speed-Schottky8-channel bi-directional 
transceivers is designed to interface TTL/MOS logic to the 
IEEE Standard 488-1978 General Purpose Interface Bus 
(GPIB). PNP inputs are used at all driver inputs for 
minimum loading, and hysteresis is provided at all receiver 
inputs for added noise margin. The IEEE-488 required bus 
termination is provided internally with an active turn-off 
feature which disconnects the termination from the bus 
when V cc is removed. A power up/down protection circuit 
is included at all bus outputs to provide glitch-free opera- 
tion during V c c power up or down. 

The General Purpose Interface Bus is comprised of 16 
signal lines— 8 for data and 8 for interface management. 

The data lines are always implemented with DS75160A, 
and the management lines are either implemented with 
DS75161 A in a single-controller system, or with DS75162A 
in a multi-controller system. 


■ 8-channel bi-directional non-inverting transceivers 

■ Bi-directional control implemented with TRI-STATE® 
output design 

■ Meets IEEE Standard 488-1978 

■ High-speed Schottky design 

■ Low power consumption 

■ High impedance PNP inputs (drivers) 

■ 500 mV (typ) input hysteresis (receivers) 

■ On-chip bus terminators 

■ No bus loading when V cc is removed 

■ Power up/down protection (glitch-free) 

■ Pin selectable open collector mode on DS75160A driver 
outputs 

■ Accommodates multi-controller systems 




DS751 60A/ DS751 61 A/ 
DS75162A 






DS751 60 A/ DS751 61 A/ 
DS75162A 


Functional Description 


Logic Diagrams 


DS75160A 

This device is an 8-channel bi-directional transceiver with 
one common direction control input, denoted TE. When 
used to implement the IEEE-488 bus, this device is con- 
nected to the eight data bus lines, designated DIO^DIOs- 
The port connections to the bus lines have internal termin- 
ators, in accordance with the IEEE-488 Standard, that are 
deactivated when the device is powered down. This 
feature guarantees no bus loading when V cc = 0V. The bus 
port outputs also have a control mode that either enables 
or disables the active upper stage of the totem-pole con- 
figuration. When this control input, denoted PE, is in the 
high state, the bus outputs operate in the high-speed 
totem-pole mode. When PE is in the low state, the bus out- 
puts operate as open collector outputs which are neces- 
sary for parallel polling. 

DS75161A 

This device is also an 8-channel bi-directional transceiver 
which is specifically configured to implement the eight 
management signal lines of the IEEE-488 bus. This device, 
paired with the DS75160A, forms the complete 16-line 
interface between the IEEE-488 bus and a single controller 
instrumentation system. In compliance with the system 
organization of the management signal lines, the SRQ, 
NDAC, and NRFD bus port outputs are open collector. In 
contrast to the DS75160A, these open collector outputs 
are a fixed configuration. The direction control is divided 
into three groups. The DAV, NDAC, and NRFD transceiver 
directions are controlled by the TE input. The ATN, SRQ, 
REN, and IRC transceiver directions are controlled by the 
DC input. The EOI transceiver direction is a function of 
both the TE and DC inputs, as well as the logic level pres- 
ent on the ATN channel. The port connections to the bus 
lines have internal terminators identical to the DS75160A. 

DS75162A 

This device is identical to the DS75161 A, except that an ad- 
ditional direction control input is provided, denoted SC. 
The SC input controls the direction of the REN and IFC 
transceivers that are normally controlled by the DC input 
on the DS75161A. This additional control function is in- 
strumental in implementing multiple controller systems. 


TABLE OF SIGNAL LINE ABBREVIATIONS 


Signal Line 
Classification 

Mnemonic 

Definition 

1 

Device 

Control . 
Signals 

DC 

Direction Control 

DS75161 A/DS75162A 

PE 

Pull-Up Enable 

DS75160A 

TE 

Talk Enable 

All 

SC 

System Controller 

DS75162A 

Data 
I/O Ports 

B1-B8 

Bus Side of Device 

DS75160A 

D1-D8 


Management 

Signals 


Attention 

DS75161A/DS75162A 

DAV 

Data Valid 

EOI 

End or Identify 

IFC 

Interface Clear 

BEE23BI 

Not Data Accepted 


Not Ready for Data 

REN 

Remote Enable 

SRQ 

Service Request 


DS75160A 



Note 1 
Note 2: 




Denotes driver 
Denotes receiver 


Note 3: Driver and receiver outputs are totem-pole configurations 
Note 4: The driver outputs of DS75160A can have their active pull-ups 
disabled by switching the PE input (pin 11) to the logic low state. This 
mode configures the outputs as open collector. 
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DS751 60A/ DS751 61 A/ 
DS75162A 




DS75160A/DS75161A/ 

DS75162A 


Absolute Maximum Ratings (Note i) Operating Conditions 





Min Max 

Units 

Supply Voltage, V cc 

7.0V 

V C c. Supply Voltage 

4.75 5.25 

V 

Input Voltage 

5.5V 

IX, Ambient Temperature 

0 70 

°C 

Storage Temperature Range 

-65°Cto150°C 

Iql. Output Low Current 



Maximum Power Dissipation* at 25°C 


Bus 

48 

mA 

Molded Package 

1897 mW 

Terminal 

16 

mA 

Lead Temperature (Soldering, 10 seconds) 

300°C 

‘Derate molded package 15.2 mW/*C above 25*C. 



Electrical Characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H High-Level Input Voltage 


2 



V 

V|i_ Low-Level Input Voltage 




0.8 

V 

V| K Input Clamp Voltage 

li= -18 mA 


-0.8 

-1.5 

V 

Vhys Input Hysteresis 

Bus 


400 

500 


mV 

Voh High-Level 

Output Voltage 

Terminal 

Ioh — — 800 >tA 

2.7 

3.5 


V 

Bus (Note 5) 

Ioh = -5.2 mA 

2.5 

3.4 


V 0 L Low-Level 

Output Voltage 

Terminal 

Iol — 16 mA 


0.3 

0.5 

V 

Bus 

l 0L = 48 mA 


0.4 

0.5 

Iih High-Level 

Input Current 

Terminal and 
TE, PE, DC, 
SC Inputs 

V| = 5.5V 


0.2 

100 

aA 

V| = 2.7V 


0.1 

20 

I| L Low-Level 

Input Current 

V, = 0.5V 


-10 

-100 

aA 

V B ias Terminator Bias 

Voltage at Bus Port 

Bus 

Driver 

Disabled 

h(bus) = 0 (No Load) 

2.5 

m 

3.7 

V 

Load Terminator 
Bus Loading 
Current 

Driver 

Disabled 

V| (b us) = -1-5V to 0.4V 

-1.3 



mA 

V| (b us) = 0.4V to 2.5V 

0 


m 

V|(bus) = 2.5V to 3.7V 



■ 

Vj(bus) = 3.7V to 5V 

0 


2.5 

V| ( bus) = 5V to 5.5V 

0.7 


2.5 

V C c = 0, V l(bus) = 0V to 2.5 V 



40 

/*A 

l os Short-Circuit 

Output Current 

Terminal 

V| = 2V, Vo = 0V (Note 4) 

-15 

-35 

-75 

mA 

Bus (Note 5) 

-35 

-75 

-150 

Ice Supply Current 

DS75160A 

Transmit, TE = 2V, PE = 2V, V, = 0.8V 


85 

125 

mA 

Receive, TE = 0.8V, PE = 2V, V, = 0.8V 


70 

100 

DS75161 A 

TE = 0.8V, DC = 0.8V, V, = 0.8V 


84 

125 

DS75162A 

TE = 0.8V, DC = 0.8V, SC = 2V, V, = 0.8V 


85 

125 

C| N Bus-Port 

Capacitance 

Bus 

V cc = 5V or 0V, V, = 0V to 2V, 
f = 1 MHz 


20 

30 

PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note t Unless otherwise specified, min/max limits apply across theO°C to + 70”C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T^ = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced toground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5; This characteristic does not apply to outputs on DS75161A and DS75162A that are open collector. 
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Switching Characteristics v cc = s.ov ± 5%, t a = o°c to 7 o°c (Note i> 


t PLH Propagation Delay Time, 
Low to High Level Output 


t PHL Propagation Delay Time, 
High to Low Level Output 


t PLH Propagation Delay Time, 
Low to High Level Output 


tp H (_ Propagation Delay Time, 
High to Low Level Output 


t PZH Output Enable Time 
to High Level 


t PHZ Output Disable Time 
from High Level 


t PZL Output Enable Time 
to Low Level 


tpLz Output Disable Time 
from Low Level 


tp Zh | Output Enable Time 
to High Level 


t PHZ Output Disable Time 
from High Level 


From To Conditions 


V L = 2.3V 
R L = 38.3f) 
C l = 30 pF 
Figure 1 



DS75160A I DS75161A I DS75162A 




V L = 5.0V 
R L = 240Q 
C L = 30 pF 
Figure 2 


V, = 3.0V 
V L = 0V 
R L = 4800 
C L = 15 pF 
Figure 1 


V, = 0 V 
V L = 2.3V 
R L = 38.30 
C L = 15 pF 
Figure 1 


V, = 3.0V 
V L = 0V 
R(_= 3 KO 
C L = 15 pF 
Figure 1 

Terminal 

V, = 0V 

V L = 5V 
R L = 2800 
C|_ = 15 pF 
Figure 1 


V, = 3V 
V L = 0V 
R L = 4800 
C L = 15 pF 
Figure 1 


Note 1: Typical values are for Vcc = 5.0V and T A = 25“C and are meant for reference only. 

Note 2: Refer to Functional Truth Tables for control input definition. 

Note 3: Test configuration should be connected to only one transceiver at a time due to the high current stress caused by the V| voltage source when the out- 
put connected to that input becomes active. 

Switching Load Configurations 


TEST 

DEVICE 

!N 1N M 


l PZL 

Output Enable Time 
to Low Level 

l PLZ 

Output Disable Time 
from Low Level 

{ PZH 

Output Pull-Up Enable 
Time (DS75160A Only) 

l PHZ 

Output Pull-Up Disable 
Time (DS75160A Only) 


TE, DC, 
or SC 
(Note 2) 
(Note 3) 




VcO— I CONTROL 


Vc logic high = 3.0V 
Vc logic low = 0V 

‘Cl includes jig and probe capacitance 

FIGURE 1 TL/F/5243-7 



VcO— I CONTROL 


Vq logic high = 3.0V W 1N9 

Vc logic low = 0V -T* 

*Cl includes jig and probe capacitance 

FIGURE 2 TL/F/52^ 
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DS751 60A/ DS751 61 A/ 
DS75162A 


































































































































Switching Waveforms 


Transmit Propagation Delays 



Receive Propagation Delays 



Terminal Enable/Disable Times 



TERMINAL 

OUTPUT 


Bus Enabie/Disable Times 



' Input signal: f = 1.0 MHz, 50% duty cycle, t r = tf < 5 ns 


Performance Characteristics 


Bus Port Load Characteristic 



-2 -1 0 1 2 3 4 5 6 

V|- BUS VOLTAGE (V) 


Refer to Electrical Characteristics table 
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Functional Truth Tables 


Control Input 
Level 

Data Transceivers 

TE 

PE 

Direction 

Bus Port Configuration 

H 

H 

T 

Totem-Pole Output 

H 

L 

T 

Open Collector Output 

L 

X 

R 

Input 
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DS751 60A/ DS751 61 A/ 
DS75162A 






















































DS7640/DS8640 



National 

Semiconductor 


Bus Transceivers 


DS7640/DS8640 Quad NOR Unified Bus Receiver 


General Description 

The DS7640 and DS8640 are quad 2-input receivers 
designed for use in bus organized data transmission 
systems interconnected by terminated 120S2 impedance 
lines. The external termination is intended to be 180S2 
resistor from the bus to the +5V logic supply together 
with a 390J2 resistor from the bus to ground. The design 
employs a built-in input threshold providing substantial 
noise immunity. Low input current allows up to 27 
driver/receiver pairs to utilize a common bus. 


Features 

■ Low input current with normal V cc or V cc = OV 
{30pA typ) 

■ High noise immunity (1.1 V typ) 

■ Temperature-insensitive input thresholds track bus 
logic levels 

■ TTL compatible output 

■ Matched, optimized noise immunity for "1" and "0" 
levels 

■ High speed (19 ns typ) 


Connection Diagram 


Dual-In-Line Package 

OUT 3 OUT 4 IN 4A IN 4B IN 3A IN 3B V cc 



GND OUT 2 OUT 1 IN 1A IN IB IN 2A IN 2B 
TOP VIEW 

Order Number DS7640J, DS8640J 
or DS8640N 

See NS Package J14A or N14A 

Typical Application 


120« Unified Data Bus 

+5V *5 V 
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UNITS 


Absolute Maximum Ratings (Noten 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1308 mW 

Molded Package 1207 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 8.7 mW/°C above 25° C; derate molded 
package 9.7 mW/°C above 25°C. 


Operating Conditions 



MIN 

MAX 

UNI1 

Supply Voltage (Vcc) 

DS7640 

4.5 

5.5 

V 

DS8640 

4.75 

5.25 

V 

Temperature (T A ) 

DS7640 

-55 

+125 

°c 

DS8640 

0 

+70 

°c 


Electrical Characteristics 

The following apply for V MIN < V cc < V MAX , T M in < T A < T MAX , unless otherwise specified (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V ih 

High Level Input Threshold 

VoUT ~ VoL 

DS7640 

1.80 

1.50 


V 



DS8640 

1.70 

1.50 


V 

V|L 

Low Level Input Threshold 

V OUT = V OH 

DS7640 


1.50 

1.20 

V 



DS8640 


1.50 

1.30 

V 

l| H Maximum Input Current 

< 

z 

II 

< 

Vcc = Vmax 


30 

80 

AtA 



> 

o 

II 

o 

o 

> 


1.0 

50 

P A 

l|L 

Maximum Input Current 

V, N = 0.4V, V cc = V MAX 


1.0 

50 

AtA 

I 

o 

> 

Output Voltage 

•oh =_ 400pA, V, N = V| L 

mm 



V 

VOL 

Output Voltage 

•oL = 16mA, V| N =V| H 


0.25 

0.4 

V 

•oS 

Output Short Circuit Current 

Vim = 0.5V, V os = 0V, V cc = V M ax. (Note 4) 

-18 


-55 

mA 

•cc 

Power Supply Current 

V|fg — 4V, (Per Package) 


25 

40 

mA 


Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpc Propagation Delays 

(Notes 5 and 6) 

Input to Logic "1" Output 

10 

23 

35 

ns 

Input to Logic "0" Output 

10 

15 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7640 and across the 0°Cto 
+70°C range for the DS8640. All typical values are for T A = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, Cl 0AD = 15 pF total, measured from V |j\| = 1.5V to Vquj = 1.5V, V|[\| = 0V to 3V pulse. 

Note 6: Apply for V^c = 5V, T A = 25°C. 
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DS7641/DS8641 



National 

Semiconductor 


Bus Transceivers 


DS7641/DS8641 Quad Unified Bus Transceiver 


General Description 

The DS7641 and DS8641 are quad high speed drivers/ 
receivers designed for use in bus organized data trans- 
mission systems interconnected by terminated 120f2 
impedance lines. The external termination is intended to 
be a 180£2 resistor from the bus to the +5V logic supply 
together with a 390f2 resistor from the bus to ground. 
The bus can be terminated at one or both ends. Low bus 
pin current allows up to 27 driver/receiver pairs to 
utilize a common bus. The bus loading is unchanged 
when V cc = OV. The receivers incorporate tight thresh- 
olds for better bus noise immunity. One two-input NOR 
gate is included to disable all drivers in a package 
simultaneously. 


Features 

■ 4 separate driver/receiver pairs per package 

■ Guaranteed minimum bus noise immunity of 0.6V, 
1.1V typ 

■ Temperature insensitive receiver thresholds track bus 
logic levels 

■ 30pA typical bus terminal current with normal V cc 
or with V cc = 0V 

■ Open collector driver output allows wire-OR 
connection 

■ High speed 

■ Series 74 TTL compatible driver and disable inputs 
and receiver outputs 


Connection Diagram 

Dual-ln-Line Package 



TOP VIEW 

Order Number DS7641J, DS8641J or DS8641N 
See NS Package J16A or N16A 

Typical Application 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 7V 

Input and Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25° C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage, (Vcc) 

DS7641 4.5 5.5 V 

DS8641 4.75 5.25 V 

Temperature Range, (T/\) 

DS7641 -55 +125 °C 

DS8641 0 +70 °C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics 

The following apply for V M(N < V cc < V MAX , T M in < T A < T MAX unless otherwise specified (Notes 2 and 3) 



■ 


PARAMETER 


DRIVER AND DISABLE INPUTS 


V| H Logical "1" Input Voltage 


V| L Logical "0" Input Voltage 


i Logical "1" Input Current 


Logical "1" Input Current 


i L Logical "0" Input Current 


V C1 _ Input Diode Clamp Voltage 


DRIVER OUTPUT/RECEIVER INPUT 


Vqlb Low Level Bus Voltage 


ihb Maximum Bus Current 


i L8 Maximum Bus Current 


V | H High Level Receiver Threshold 


V | l Low Level Receiver Threshold 


RECEIVER OUTPUT 


V OH Logical "1" Output Voltage 


Vql Logical "0" Output Voltage 


os Output Short Circuit Current 


CONDITIONS 


Vin = 5.5V 


V IN - 2.4V 


V IN = 0.4V 


Iqis - 12 mA, Ijfj 12 mA, Iqus — 12 mA, 
T a = 25° C 


MIN TYP MAX UNITS 



Vqis = 0.8V, V IN =2 V, l BUS = 

50 mA 

V | N = 0.8V, V BUS = 4V, V cc = 

Vmax 

V| N = 0.8V, V BUS =4V, V cc = 

OV 

V IND = 0.8V, V OL = 16 mA 

DS7641 

DS8641 

V IND = 0.8V, V 0H =-400pA 

DS7641 

DS8641 


cc Supply Current 


V, N = 

0.8V, V BUS 

= 0.5V, l OH =-400pA 

V|N = 

0.8V, V BUS 

= 4V, l OL = 16 mA 

VpiS 

= 0.8V, V IN 

= 0,8V, V BUS = 0.5V, V os = 0V, 

V C c 

Vmax. (Note 4) 

Vqis 

= ov, V, N = 

2V, (Per Package) 



Switching Characteristics t a = 25°c,v cc = 5v, unless otherwise noted 


PARAMETER 

CONDITIONS 

t pd Propagation Delays (Note 7) 

Disable to Bus "1" 
Disable to Bus "0" 

Driver Input to Bus "1" 
Driver Input to Bus "0" 

(Note 5) 

Bus to Logical "1" Receiver 
Output 

Bus to Logical "0" Receiver 
Output 

(Note 6) 



TYP 

MAX 

UNITS 

19 

II 

ns 

15 

■■ 

ns 

17 

25 

ns 

17 

25 

ns 

20 

30 

ns 

18 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7641 and across the 0°C to 
+70°C range for the DS8641. All typical values are for T A = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: 9in from bus pin to Vqq and 200fi from bus pin to ground. CloAD = 15 total. Measured from V||\j = 1.5V to Vg(jS = 1.5V, 
V||\| = 0V to 3V pulse. 

Note 6: Fan-out of 10 load, C|_OAD = 15 pF total. Measured from V|f\| = 1.5V to VquT = 1-5V, V 1 1 \| = 0V to 3V pulse. 

Note 7: The following apply for Vcc = 5V, T A = 25°C unless otherwise specified. 
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DS8642 



National 

Semiconductor 


Bus Transceivers 


DS8642 Quad Transceiver 


General Description 


The DS8642 is a quad transceiver designed for bus 
organized data transmission systems terminated by 50£2 
impedance. The bus can be terminated at one or both 
ends. It has four bus drivers with a common strobe 
gate and four bus receivers. Bus driver outputs can be 
"OR-tied" with up to 19 other drivers and with up to 
20 bus receiver loads. The bus loading is 2k when 
V cc = 0V. 


Features 

■ 100 mA Drive Capability 

■ Four separate driver/receiver pairs 

■ Open collector driver output allows wire-OR con- 
nection 

■ 50£2 line termination 

■ Completely TTL compatible on driver and disable 
inputs, and receiver outputs 


Logic and Connection Diagram 

Dual-In-Line Package 



Order Number DS8642J 
or DS8642N 

See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


MIN MAX UNITS 

Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation* at 25 C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

“Derate cavity package 9.6 mW/ C above 25 C; derate molded 
package 10.9 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


7V 

5.5V 

5.5V 

-65° C to + 150°C 


Supply Voltage, Vqq 
T emperature, Tp 


4.75 

0 


5.25 

+70 


V 

°C 


1433 mW 
1362 mW 
300° C 


PARAMETER CONDITIONS MIN TYP MAX UNITS 


DISABLE/DRIVER INPUT 


V,H 

Logical "1" Input Voltage 

Vcc Min 

2 



V 

V,L 

Logical "0" Input Voltage 

V cc = M i n 



0.8 

V 

warn 

Logical "0" Input Current 

V cc = Max, V, N = 0.4V 


-0.9 

-1.6 

mA 


Logical "1" Input Current 

Vqq — Max 

V 1N =2.4V 



40 

pA 

H| 


V, N = 5.5V 



1 

mA 

VCD 

Input Clamp Voltage 

l )N = -12 mA 


-0.8 

-1.5 

V 

RECEIVER INPUT/BUS OUTPUT 

V|HB 

Logical "1" Input Voltage 

Vcc — Max 

3.1 



V 

V|LB 

Logical "0" Input Voltage 

Vcc = Min 



1.4 

V 

VcDB 

Input Clamp Diode 

l )N = -50 mA 


-1.0 

-1.5 

V 

mm 

Logical “1" Input Current 

Vcc = Max, V tNB = V cc 


180 

450 

pA 

ES 

Logical "0" Input Current 

V cc = Max, V| N = 0.4V 



-40 

pA 

VqLB 

Logical "0“ Output Voltage 

Vcc = Min, Iqut = 100 mA 


0.4 

0.8 

V 

mm 

Logical "0" Output Current 

V cc = Min, v 

ol = 0.8V 

100 



mA 

ES 

Power "OFF" Bus Current 

V cc =0V,V INB = 5.25V 


1.7 

2.65 

mA 

RECEIVER OUTPUT 

VqH 

Logical "1" Output Voltage 

Vcc - Min, Iqut _ 1 mA 

2.4 

3.2 


V 

mm 

Logical "1" Output Current 

Vcc = Min, V 

out = 5.5V 



100 

pA 

mm 

Output Short Circuit Current 

V cc = Min, V 

OUT = 0V, (Note 4) 

-10 

-28 

-55 

mA 

VoL 

Logical "0" Output Voltage 

Vcc ~~ Min, Iqut “ 10 mA 


0.3 

0.45 

V 


Icc 

Supply Current 

V cc — M ax 


49 

64 

mA 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8642. All typicals are given for Vqq = 5V and 
T a = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4 : Only one output at a time should be shorted. 
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Switching Characteristics Ta = 25°C # nominal power supplies unless otherwise noted 


TYP 

MAX 

34 

50 

25 

50 

38 

55 

25 

55 


PARAMETER 

CONDITIONS 

t pd0 Propagation Delay to a Logical "0" 

From Data Input to Receiver Output 

(Figure 1) 

t P di Propagation Delay to a Logical "1" 

From Data Input to Receiver Output 

(Figure 1) 

W) Propagation Delay to a Logical "0" 

From Strobe Input to Receiver 
Output 

(Figure 1) 

tp d i Propagation Delay to a Logical "1" 

From Strobe Input to Receiver 
Output 

(Figure 1) 


UNITS 

ns 


ns 


ns 


ns 


Typical Performance Characteristics 

Receiver ON Impedance 



— 

V 

m 

cc 








T 

= 

25° 




































1 










1 










1 










__ 


0 1 2 3 4 5 

Vbus (V) 


Receiver OFF Impedance 



0 1 2 3 4 5 

V„us (V) 


AC Test Circuit and Switching Time Waveforms 


.RECEIVER 

'OUTPUT 


450 pF . . 50 pF 


T T 


DATA INPUT 1-5V 


RECEIVER 

OUTPUT 


STROBE ! 5V 

INPUT 


RECEIVER 

OUTPUT 
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f = 5 MHz 

Pulse Width - 100 ns 
t, = tf = 5 ns 


























Bus Transceivers 


DS7833/DS8833, DS7835/DS8835 
Quad TRI-STATE® Bus Transceivers 


General Description 


Features 


This family of TRI-STATE bus transceivers 
offer extreme versatility in bus organized data 
transmission systems. The data bus may be unter- 
minated, or terminated dc or ac, at one or both 
ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. 
The receiver input current is low allowing at least 
100 driver/receiver pairs to utilize a single bus. 
The bus loading is unchanged when V cc = 0V. 
The receiver incorporates hysteresis to provide 
greater noise immunity. All devices utilize a high 
current TRI-STATE output driver. The DS7833/ 
DS8833 and DS7835/DS8835 employ TRI-STATE 
outputs on the receiver also. 

The DS7833/DS8833 are non-inverting quad 
transceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 

The DS7835/DS8835 are inverting quad trans- 
ceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 


■ Receiver hysteresis 

■ Receiver noise immunity 

■ Bus terminal current for 
normal V cc or V cc = 0V 


400 mV typ 
1.4V typ 
80/iA max 


Receivers 

Sink 

Source 


16 mA at 0.4V max 
2.0 mA (Mil) at 2.4V min 
5.2 mA (Com) at 2.4V min 


Sink 50 mA at 0.5V max 

32 mA at 0.4V max 
Source 10.4 mA (Com) at 2.4V min 

5.2 mA (Mil) at 2.4V min 

Drivers have TRI-STATE outputs 

DS7833/DS8833, DS7835/DS8835 receivers 

have TRI-STATE outputs 

Capable of driving 100£2 dc— terminated buses 

Compatible with Series 54/74 


Connection Diagrams 


Dual-ln-Line Package 


Dual-ln-Line Package 



r i 2 r r I 5 r I 7 r 


|, |* p r |s |. |' i- 


Order Number DS7833J, DS8833J 
or DS8833N 

See NS Package J16A or N16A 


Order Number DS7835J, DS8835J 
or DS8835N 

See NS Package J16A or N16A 
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DS7833/DS8833, 

DS7835/DS8835 







DS7833/DS8833, 

DS7835/DS8835 


Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature -65°C to +1 50°C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

•Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .8 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


PARAMETER 


DISABLE/DRIVER INPUT 


1509 mW 
1476 mW 
300° C 


Supply Voltage (Vqq) 
DS7833, DS7835 
DS8833, DS8835 

Temperature (T^) 
DS7833, DS7835 
DS8833, DS8835 


MIN MAX UNITS 


4.5 5.5 

4.75 5.25 


-55 +125 °C 

0 +70 °C 


MIN TYP MAX UNITS 


’il Low Level Input Voltage 


IH High Level Input Current 


, L Low Level Input Current 


I it Driver Low Level Disabled 
Input Current 


RECEIVER INPUT/BUS OUTPUT 


os Output Short Circuit Current 


RECEIVER OUTPUT 


V 0H Logic "1" Output Voltage 


0T Output Disabled Current 


os Output Short Circuit Current 


cc Supply Current 



V TH 

High Level Threshold Voltage 

V TL 

Low Level Threshold Voltage 

•b 

Bus Current, Output Disabled 


or High 

VoH 

Logic "1" Output Voltage 

VoL 

Logic "0" Output Voltage 


V cc = Max, V, N = 0.4V 


V cc = 5.0V, l, N = -12 mA, T A = 25°C 


Driver Disable Input = 2.0V, V !N = 0.4V 



DS7833, DS7835 

1.4 

1.75 

DS8833, DS8835 

1.5 

1.75 

DS7833, DS7835 

0.8 

1.35 

DS8833, DS8835 

0.8 

1.35 


V cc = Max 


V cc = 0V 


V BUS = 4.0V 


V cc = Max, V BUS = 0.4V 


out 5.2 mA 


V cc = Min 


,V C c = Max, (Note 4) 


DS7833, DS7835 


0UT = -10.4 mA DS8833, DS8835 


out ~ 50 mA 


out * 32 mA 


out = 2.0 mA 


out - 5.2 mA 


Vcc 31 Min, Iqut “ 16 mA 


V cc - Max. Disable Vqut = 2.4V 
Inputs - 2.0V V DUT = 0.4V 


V cc = Max, (Note 4) 


DS7833, DS7835 


DS8833, DS8835 


DS7833, DS7835 


DS8833, DS8835 


DS7833/DS8833 


DS7835/DS8835 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 
table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS7833, 
DS7835 and across the 0°C to +70°C range for the DS8833, DS8835. All typicals are given for Vqq = 5.0V and T^ = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless 
otherwise noted. All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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DS7833/DS8833, 

DS7835/DS8835 















































































DS7833/DS8833, 

DS7835/DS8835 


Switching Time Waveforms (Continued) 


ACTUAL LOGICAL ”1" . 

VOLTAGE 


ACTUAL LOGICAL "0" 
’ VOLTAGE 


, ACTUAL LOGICAL "1" 
VOLTAGE 
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Z1 


National 

Semiconductor 


Bus Transceivers 


DS7834/DS8834, DS7839/DS8839 
Quad TRI-STATE® Bus Transceivers 


General Description 


Features 


This family of TRI-STATE bus transceivers offers 
extreme versatility in bus organized data transmission 
systems. The data bus may be unterminated, or ter- 
minated dc or ac, at one or both ends. Drivers in the 
third (high impedance) state load the data bus with 
a negligible leakage current. The receiver input current 
is low, allowing at least 100 driver/receiver pairs to 
utilize a single bus. The bus loading is unchanged when 
V C c = OV. The receiver incorporates hysteresis to 
provide greater noise immunity. Both devices utilize 
a high current TRI-STATE output driver. The DS7834/ 
DS8834 and DS7839/DS8839 employ TTL outputs 
on the receiver. 

The DS7839/DS8839 are non-inverting quad transceivers 
with two common inverter driver disable controls. 

The DS7834/DS8834 are inverting quad transceivers 
with two common inverter driver disable controls. 


■ Receiver hysteresis 400 mV typ 

■ Receiver noise immunity 1.4V typ 

■ Bus terminal current for 80/rA max 

normal V cc or V cc = 0V 

■ Receivers 

Sink 1 6 mA at 0.4V max 

Source 2.0 mA (Mil) at 2.4V min 

5.2 mA (Com) at 2.4V min 

■ Drivers 

Sink 50 mA at 0.5V max 

32 mA at 0.4V max 
Source 10.4 mA (Com) at 2.4V min 

5.2 mA (Mil) at 2.4V min 

■ Drivers have TRI-STATE outputs 

■ Receivers have TRI-STATE outputs 

■ Capable of driving 100J2 dc-terminated buses 

■ Compatible with Series 54/74 


Connection Diagrams 


Oual-ln-Line Package 


Dual-ln-Line Package 


Its 1 14 1 13 1 12 |lt 



r r r r 


p r 


BUS a IN a 0UT a BUS b IN b OUTb driver gnd 

DISABLE 


r * i 


BUS a INa 0UT a BUS b IN b 0UT b DRIVER GND 

DISABLE 


Order Number DS7834J, DS8834J 
or DS8834N 

See NS Package J16A or N16A 


Order Number DS7839J, DS8839J 
or DS8839N 

See NS Package J16A or N16A 
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DS7834/DS8834* 

DS7839/DS8839 




DS7834/DS8834, 

DS7839/DS8839 


Absolute Maximum Ratings (Noteu Operating Conditions 


Supply Voltage 

7.0 V 

Supply Voltage (Vcc> 

MIN 

MAX 

UNITS 

Input Voltage 

5.5V 

DS7834, DS7839 

4.5 

5.5 

V 

Output Voltage 
Storage Temperature 

5.5V 

— 65°C to +150° C 

DS8834, DS8839 
Temperature (T^) 

4.75 

5.25 

V 

Maximum Power Dissipation* at 25 C 


DS7834, DS7839 

-55 

+125 

°c 

Cavity Package 
Molded Package 

Lead Temperature {Soldering, 10 Seconds) 

1509 mW 
1476 mW 
300° C 

DS8834, DS8839 

0 

+70 

°c 


•Derate cavity package 10.1 mW/ C above 25 C; derate molded 
package 1 1 .8 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER [ CONDITIONS j MIN | TYP | MAX | UNITS 


DISABLE/DRIVER INPUT 


V,H 

High Level Input Voltage 

V cc = Min . 

2.0 



V 

V|L 

Low Level Input Voltage 

V cc = Min 



0.8 

V 

mm 

_ 

High Level Input Current 

V cc = Max 

V, N = 2.4V 



40 

pA 



Vin = 5.5V 



1.0 

mA 

mm 

Low Level Input Current 

V cc = Max, V 

in = 0.4V 


-1.0 

-1.6 

mA 

l|ND 

Driver Disabled Input Low 
Current 

Driver Disable Input = 2.0V, V| N = 0.4V 



-40 

pA 

V C L 

Input Clamp Diode 

V cc = 5.0V, l| N = -12 mA, T A = 25°C 


-0.8 

-1.5 

V 


RECEIVER INPUT/BUS OUTPUT 


V TH High Level Threshold Voltage 

V cc = Max 

DS7834, DS7839 

1.4 

1.75 

2.1 

V 

DS8834, DS8839 

1.5 

1.75 

2.0 

V 

V TL Low Level Threshold Voltage 

V cc = Min 

DS7834, DS7839 

0.8 

1.35 

1.6 

V 

DS8834, DS8839 

0.8 

1.35 

1.5 

V 

l eH Bus Current, Output Disabled or 

High 

V BUS = 4.0V 

V cc = Max, 

Disable Input = 2.0V 


25 

80 

M A- 

£ 

ll 

u 

u 

> 


5.0 

80 

pA 

| V cc = Max, V bus = 0.4V, Disable Input = 2.0V | 



-40 

pA 

V OH Logic "1" Output Voltage 

V cc = Min 

Iqut “ 5.2 mA 

DS7834, DS7839 

2.4 

2.75 


V 

•out = — 10*4 mA 

DS7834, DS8839 

2.4 

2.75 


V 

Vql Logic "0" Output Voltage 

V cc = Min 

Iqut 50 mA 


0.28 

0.5 

V 

Iqut = 32 mA 



0.4 

V 

l os Output Short Circuit Current 

I V cc = Max, (Note 4) j 

-40 

-62 

-120 

mA 


RECEIVER OUTPUT 


V 0H Logic "1" Output Voltage 

V cc = Min 

Iqut ” 2.0 mA 

DS7834, DS7839 

2.4 

3.0 


V 

Iqut = — 5.2 mA 

DS8834, DS8839 

2.4 

2.9 


V 

V OL Logic "0" Output Voltage 

■ Min, Iqut 15 mA 


0.22 

0.4 

V 

los Output Short Circuit Current 

Vcc = Max, (Note 4) 

DS7834, DS7839 

-28 

-40 

-70 

mA 

DS8834, DS8839 

-30 


-70 

mA 

l cc Supply Current 

Vcc = Max 


75 

95 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7834, DS7839 and across 
the 0°C to +70°C range for the DS8834, DS8839. All typicals are given for Vcc = 5.0V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics v cc = s.ov, t a = 25 °c 


PARAMETER 


tpdo Propagation Delay to a Logic "0" 
from Input to Bus 


fpdi Propagation Delay to a Logic "1" 
from Input to Bus 


tpdO Propagation Delay to a Logic "0" 
from Bus to Output 


CONDITIONS 


(Figure 1) 


(Figure 1) 


(Figure 2) 


(Figure 2) 


tpdi Propagation Delay to a Logic "1" 
from Bus to Output 


tPHZ Delay from Disable Input to High C L = 5.0 pF, (Figures 1 and 2) 
Impedance State (from Logic "1" 

Level) 


tPLZ Delay from Disable Input to High C L = 5.0 pF, (Figures 1 and 2) 
Impedance State (from Logic “0" 

Level) 


l PZH Delay from Disable Input to Logic C L = 50 pF, (Figures 1 and 2) 
"1" Level (from High Impedance 
State) 


tPZL Delay from Disable Input to Logic C L = 50 pF, (Figures 1 and 2) 
"0" Level (from High Impedance 
State) 


DS7839/DS8839 


l»HM:ictH»M:i:KEI 


DS7839/DS8839 


DS7834/DS8834 


DS7839/DS8839 


DS7834/DS8834 


DS7839/DS8839 


DS7834/DS8834 



TYP 

MAX 

UNITS 

14 

30 

ns 

10 

20 

ns 

14 

30 

ns 

11 

30 

ns 

24 

45 

ns 

16 

35 

ns 

12 

30 

ns 

18 

30 

ns 

8 

20 

ns 

20 

35 

ns 

24 

40 

ns 

19 

35 

ns 


AC Test Circuit 




FIGURE 1. Driver Output Load 


FIGURE 2. Receiver Output Load 


Switching Time Waveforms 

tpdi anc * tpdO 


OUTPUT 

(INVERTED) 


OUTPUT 

(N0NINVERTED) 


OUTPUT 

ACTUAL LOGICAL "0" . 

VOLTAGE 


f = 1 MHz 

10 ns (10% to 90%) 
Duty Cycle =* 50% 
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DS7834/DS8834* 

DS7839/DS8839 


































































Switching Time Waveforms (Continued) 



Truth Table 


DISABLE 

INPUT 

DRIVER 

INPUT 

(IN X ) 

RECEIVER INPUT/ 
BUS OUTPUT 
(BUS X ) 

RECEIVER 

OUTPUT 

(OUT x ) 

MODE OF 
OPERATION 

DS7834/DS8834 

1 

X 


BUS 

Receive bus 
signal 

0 

1 

0 

1 

Drive bus 

0 

0 

1 

0 

Drive bus 

DS7839/DS8839 

1 

X 


BUS 

Receive bus 
signal 

0 

1 

1 

1 

Drive bus 

0 

0 

0 

0 

Drive bus 


X = Don't care 
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wa National 
Jtji Semiconductor 

Bus Transceivers 

DS7836/DS8836 Quad NOR Unified Bus Receiver 

General Description ■ 

Features 

The DS7836/DS8836 are quad 2-input receivers 

■ Low input current with normal V cc or 

designed for use in bus organized data transmission 

V cc = 0V (15 juA typ) 

systems interconnected by terminated 120f2 im- 


pedance lines. The external termination is intend- 
ed to be 180i2 resistor from the bus to the +5V 

■ Built-in input hysteresis {IV typ) 

logic supply together with a 39012 resistor from 

■ High noise immunity (2V typ) 

the bus to ground. The design employs a built-in 


input hysteresis providing substantial noise im- 

■ Temperature-insensitive input thresholds track 

munity. Low input current allows up to 27 driver/ 
receiver pairs to utilize a common bus. Perform- 

bus logic levels 

ance is optimized for systems with bus rise and 
fall times < 1 .0 ps/V. 

■ TTL compatible output 

■ Matched, optimized noise immunity for ”1" 
and "0" levels 

■ High speed (18 ns typ) 


Typical Application 


♦5V +5V 



Connection Diagram 


Dual-ln-Line Package 

OUT 3 OUT 4 IN 4A IN 48 IN 3A IN 3B 



GNO OUT 2 OUT) IN 1A IN IB IN 2A IN 2B 


TO P VIEW 

Order Number DS7836J Order Number DS8836N 
or DS8836J See NS Package N14A 

See NS Package J14A 
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DS7836/DS8836 






DS7836/DS8836 


Absolute Maximum Ratings 


Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7.0V 

Supply Voltage (Vcc) 




Current Voltage 

5.5V 

DS7836 

4.5 

5.5 

V 

Storage Temperature Range 

-65° C to +150°C 

DS8836 

4.75 

5.25 

V 

Maximum Power Dissipation* at 25 C 


Temperature (T A ) 




Cavity Package ' 

1308 mW 

DS7836 

-55 

+125 

°C 

Molded Package 

1207 mW 

DS8836 

0 

+70 

°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 






•Derate cavity package 8.7 mJY/°C above 25°C; derate molded 
package 9.7 mVV/°C above 25 C. 


Electrical Characteristics 

The following apply for V M(N < V cc < V MAX , T M)N < T A < T MAX , unless otherwise specified (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


V TH High Level Input Threshold 

V C c = Max 

DS7836 

1.65 

2.25 

2.65 

V 

DS8836 

1.80 

2.25 

2.50 

V 

V| L Low Level Input Threshold 

V cc = Min 

DS7836 

0.97 

1.30 

1.63 

V 

DS8836 

1.05 

1.30 

1.55 

V 

l| N Maximum Input Current 

> 

II 

z 

> 

Vcc — Mbx 


15 

50 

ma 

V cc = 0V 


1 

50 

ma 

V OH Logical "1" Output Voltage 

V|N - 0.5V, Iout - 400/iA 

2.4 



V 

V 0 l Logical "0" Output Voltage 

V IN = 4V, l OUT = 16 mA 


0.25 

0.4 

V 

l sc Output Short Circuit Current 

V, N = 0.5V, V oux = 0V, V cc = Max, (Note 4) 

-18 


-55 

mA 

l cc Power Supply Current 

V|n — 4V, (Per Package) 


25 

40 

mA 

V CL Input Clamp Diode Voltage 

' l, N =-12mA,T A =25°C 


-1 

-1.5 

V 


Switching Characteristics 

V C c = 5V, T a = 25 C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t pd Propagation Delays 

(Notes 4 and 5) 

Input to Logical "1" Output 


20 

30 

ns 

Input to Logical "0" Output 


18 

30 

ns . 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7836 and across the 0°C to 
+70°C range for the DS8836. All typical values are for T A = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Fan-out of 10 load, CloaD = 15 pF total, measured from V|j\j = 1.3V to Vqut = 1-5V, V |fsj = OV to 3V pulse. 

Note 5: Fan-out of 10 load, C(_OAD = 15 pF total, measured from V ||sj = 2.3V to VquT = 1 -5V, V|n = OV to 3V pulse. 
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National 

A ZA Semiconductor 


Bus Transceivers 


DS78377DS8837 Hex Unified 

General Description 

The DS7837/DS8837 are high speed receivers de- 
signed for use in bus organized data transmission 
systems interconnected by terminated 12012 im- 
pedance lines. The external termination is intend- 
ed to be 18012 resistor from the bus to the +5V 
logic supply together with a 39012 resistor from 
the bus to ground. The receiver design employs a 
built-in input hysteresis providing substantial noise 
immunity. Low input current allows up to 27 driv- 
er/receiver pairs to utilize a common bus. Disable 
inputs provide time discrimination. Disable inputs 
and receiver outputs are TTL compatible. Per- 
formance is optimized for systems with bus rise 
and fall times < 1 .0 ms/V. 


Bus Receiver 

Features 

■ Low receiver input current for normal V cc or 
V cc = 0V (15 /zA typ) 

■ Six separate receivers per package 

■ Built-in receiver input hysteresis (IV typ) 

■ High receiver noise immunity (2 V typ) 

■ Temperature insensitive receiver input thres- 
holds track bus logic levels 

■ TTL compatible disable and output 

■ Molded or cavity dual-in-line or flat package 

■ High speed 


Typical Application 



Connection Diagram 


Dual-In-Line Package 


V c c INI OUT 1 IN 2 OUT 2 IN 3 OUT 3 DISABLE A 


| IS IS 14 I 13 

12 11 10 9 

i i ji « 

S 6 7 1 8 

1 


IN 4 OUT 4 INS OUT 5 INS OUT 6 DISABLE B GND 
TOP VIEW 

Order Number DS7837J Order Number DS8837N 
or DS8837J See NS Package N16A 

See NS Package J16A 
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DS78377DS8837 







DS78377DS8837 


Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage 7V Supply Voltage (Vqq) 

Input Voltage 5.5V DS7837 4.5 

Operating Temperature Range DS8837 4.75 

037837 ^5°Cto + 125°C Temperature (T A ) 

DS883 7 0 C to +70^ C DS7837 -55 

Storage Temperature Range -65°C to +150° C DS8837 0 

Maximum Power Dissipation* at 25 C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

‘Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 

Electrical Characteristics 

The following apply for V MMN] < V cc < V MAX , T M , N < T A < T MAX , unless otherwise specified (Notes 2 and 3) 


PARAMETER 


V TH High Level Receiver Threshold 


V TL Low Level Receiver Threshold 


ih Maximum Receiver Input Current 


Logical "0" Receiver Input Current 


V IH Logical "1" Input Voltage 


V| L Logical "0" Input Voltage 


CONDITIONS 


1 

IH 

Logical "1" Input Current 

1 

IL 

Logical "0" Input Current 

X 

o 

> 

Logical "1" Output Voltage 

< 

o 

r 

Logical "0" Output Voltage 

1 

OS 

Output Short Circuit Current 

E 

cc 

Power Supply Current 

VCL 

Input Clamp Diode 



V(m = 4V, V, ND = 0.4V, Disable Input 
V| N = 0.5V, V IND = 0.8V, l OH = “400pA 


V IN = 4V, V, ND = 0.8V, l OL = 16 mA 


V, N = 0.5V, V | ND = 0V, V os = 0V. V cc “ V M ax 
(N ote 4) 


V im = 4V, V, ND = 0V, (Per Package) 


V| N = -12 m A. V| NO = — 12 mA, T a = 25°C 


45.0 

60.0 

-1.0 

-1.5 


Switching Characteristics T a = 25°C, nominal power supplies unless otherwise noted 


CONDITIONS 

V,nd =0V, 

Input to Logical "1" Output, (Note 5) 

Receiver 

Input to Logical "0" Output, (Note 6) 

Input = OV, 

Input to Logical "1" Output 

Disable, 

Input to Logical "0" Output 

(Note 7) 




MAX 

UNITS 

30 

ns 

30 

ns 

15 

ns 

10 

ns 


PARAMETER 


Propagation Delays 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7837 and across the 0°C to 
+70°C range for the DS8837. All typicals values are for T A = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positve, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, Ci_OAD = 15 pF total. Measured from V | pj = 1 ,3V to VquT “ 1.5V, V||\j = 0V to 3V pulse. 

Note 6: Fan-out of 10 load, C[_C) A D = 15 pF total. Measured from V||\j = 2.3V to Vqux = 1.5V, V||\j = 0V to 3V pulse. 

Note 7: Fan-out of 10 load, C|_OAD - 15 pF total. Measured from Vjjg = 1.5V to VquT = 1 -5V, Vjfj = 0V to 3V pulse. 
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National 

Semiconductor 


Bus Transceivers 


DS7838/DS8838 Quad Unified Bus Transceiver 


General Description 

The DS7838/DS8838 are quad high speed drivers/ 
receivers designed for use in bus organized data 
transmission systems interconnected by termi- 
nated 120ft impedance lines. The external termi- 
nation is intended to be a 180ft resistor from the 
bus to the +5V logic supply together with a 390ft 
resistor from the bus to ground. The bus can be 
terminated at one or both ends. Low bus pin cur- 
rent allows up to 27 driver/receiver pairs to utilize 
a common bus. The bus loading is unchanged 
when V cc = 0V. The receivers incorporate hystere- 
sis to greatly enhance bus noise immunity. One 
two-input NOR gate is included to disable all 
drivers in a package simultaneously. Receiver per- 
formance is optimized for systems with bus rise 
and fall times < 1 .Ops/V. 


Features 

■ 4 totally separate driver/receiver pairs per 
package 

■ IV typical receiver input hysteresis 

■ Receiver hysteresis independent of receiver 
output load 

■ Guaranteed minimum bus noise im,munity of 
1.3V, 2V typ. 

■ Temperatu-re-insensiti ve receiver thresholds 
track bus logic levels 

■ 20/iA typical bus terminal current with normal 
V cc or with V cc = 0V 

■ Open collector driver output allows wire-OR 
connection 

■ High speed 

■ Series 74 TTL compatible driver and disable 
inputs and receiver outputs 


Typical Application 


120U Unified Data Bus 



g IIW 

L£ M ii 3 , JL_J l__| 



Connection Diagram 


_J | DS7836 J | 


Dual-ln-Line Package 



BUS 3 IN) OUT) 


OUT 4 DISABLE B GND 


TOP VIEW 

Order Number DS7838J Order Number DS8838N 
or DS8838J See NS Package N16A 

See NS Package Jt6A 
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DS7838/DS8838 




DS7838/DS8838 


Absolute Maximum Ratings (Note 1) 

Supply Voltage „ 7V 

Input and Output Voltage 5.5V 

Maximum Power Dissipation* at 25 C 

Cavity Package 1433 mW 

Molded Package 1362 mW 


Operating Temperature Range 

DS7838 — 55°C to +125°C 

DS8838 0° C to +7 0° C 

Storage Temperature Range — 65° C to +1 50°C 

Lead Temperature, (Soldering, 10 sec) 300°C 

•Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics package 10.9 mw/°c above 25°c. 

DS7838/DS8838: The following apply for V MiN < V cc < V MAX , T M!N < T A < T MAX unless otherwise specified 
(Notes 2 and 3) ' 


PARAMETER 


DRIVER AND DISABLE INPUTS 


V IH Logical "1" Input Voltage 


V| L Logical "0" Input Voltage 


i Logical "1" Input Current 


ih Logical "1" Input Current 


i L Logical"0" Input Current 


V CL Input Diode Clamp Voltage 


DRIVER OUTPUT/RECEIVER INPUT 


V 0 lb L° w Level Bus Voltage 


l IHB Maximum Bus Current 


ilb Maximum Bus Current 


TYP MAX UNITS 



V IN = 5.5V 


ViN = 2.4V 


V IN = 0.4V 


dis ~ 12 mA, l| N — 12 mA, l BUS - 12 mA 
'a =25°C 


V DIS = 0.8V, V IN = 2V, l BUS = 50 mA 


V| N - 0.8V, V BUS - 4V, V cc - V MAX 


V !N - 0.8V, V BUS - 4V, V cc - 0V 



V,H 

High Level Receiver Threshold 

V, ND 0.8V, Vql = 16 mA 

DS7838 

1.65 

2.25 

2.65 

V 



V C c = M ax 

DS8838 

1.80 

2.25 

2.50 

V 

V|L 

Low Level Receiver Threshold 

V |ND = 0.8V, V OH =-400pA 

DS7838 

0.97 

1.30 

1.63 

V 



V cc = Min 

DS8838 

1.05 

1.30 

1.55 

V 


V, N = 0.8V, V BUS = 0.5V, l OH = -400/iA 


V | m 0.8V, V BUS - 4V, l OL - 16 mA 


Vpis - 0.8V, V| N - 0.8V, V BUS - 0.5V, 
Vqs = 0V, V cc = V MAX , (Note 4) 


V D | S = 0V, V 1N = 2V, (Per Package) 


RECEIVER OUTPUT 


V 0H Logical "1" Output Voltage 


V 0L Logical "0" Output Voltage 


os Output Short Circuit Current 


cc Supply Current 


t pd Propagation Delays (Note 8) 
Disable to Bus “1" 


Disable to Bus "0" 


Driver Input to Bus "1 " 


Driver Input to Bus "0” 


Bus to Logical "1" Reciever Output 


Bus to Logical "0" Receiver Output 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7838 and across the 0°C to 
+70°C range for the DS8838. All typical values are for T A = 25°C and V^g = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: 91 fi from bus pin to Vgg and 2000 from bus pin to ground, C|_q A q = 15 pF total. Measured from V | fg = 1 ,5V to Vgus = 1 .5V, V||\j = 
0V to 3.0V pulse. 

Note 6: Fan-out of 10 load, C[_oAD = 15 pF total. Measured from V j jsj = 1.3V to Vqijt = 1.5V, V|[g = 0V to 3.0V pulse. 

Note 7 : Fan-out of 10 load, CloaD = 1 5 pF total. Measured from V | |g = 2.3V to VguT = 1 -5V V | jg = 0V to 3.0V pulse. 

Note 8: These apply for V^g = 5V, T A = 25°C unless otherwise specified. 
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Bus Transceivers 


djm Semiconductor 

DS8T26A, DS8T26AM, DS8T28, DS8T28M 
4-Bit Bidirectional Bus Transceivers 


General Description 


The DS8T26A, DS8T28 consist of 4 pairs of TRI- 
STATE® logic elements configured as quad bus drivers/ 
receivers along with separate buffered receiver enable 
and driver enable lines. This single 1C quad transceiver 
design distinguishes the DS8T26A, DS8T28 from 
conventional multi-IC implementations. In addition, 
the DS8T26A, DS8T28's ultra high speed while driving 
heavy bus capacitance (300 pF) makes these devices 
particularly suitable for memory systems and bidirec- 
tional data buses. 


Features 

■ Inverting outputs in the DS8T26A 

■ Non-inverting outputs in the DS8T28 

■ TRI-STATE outputs 

■ Low current PNP inputs 

■ Fast switching times (20 ns) 

* Advanced Schottky processing 

■ Driver glitch free power up/down 

■ Non-overlapping TR l-STATE 


Both the driver and receiver gates have TRI-STATE 
outputs and low current PNP inputs. PNP inputs reduce 
input loading to 200 nA maximum. 


Logic and Connection Diagrams 




Dual-ln-Line Package 



Order Number DS8T26AJ, DS8T26AMJ, DS8T28J, 
DS8T28MJ, DS8T26AN or DS8T28N 
See NS Package J16A or N16A 


DS8T26A, DS8T26AM, 
DS8T28, DS8T28M 







Absolute Maximum Ratings (Notei) 


Recommended Operating Conditions 


All Output and Supply Voltages -0.5V to +7 V 

All Input Voltages -1Vto+5.5V 

Output Currents ±150 mA 

Storage Temperature -65°C to +150°C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

'Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .8 mW/°C above 25°C. 


Supply Voltage (Vcc> 
DS8T26A, DS8T28 
DS8T26AM, DS8T28M 
Temperature (T^) 
DS8T26A, DS8T28 
DS8T26AM, DS8T28M 


MIN 


4.75 

4.5 


0 

-55 


5.25 

5.5 


70 

+125 


UNITS 


°C 

°c 


Electrical Characteristics (Notes 2, 3 and 4) 


PARAMETER 


CONDITIONS 

MIN 

TYP 

MAX 


DRIVER 


UNITS 



Low Level Input Current 

V|N = 0.4V 

1 


-200 

pA 


Low Level Input Current (Disabled) 

V|N = 0.4V 



-25 

JUA 

l|H 

High Level Input Current (D||\j. Dg) 

V|N = Vcc Wax 



25 

pA 

VOL 

Low Level Output Voltage, 
(Pins 3, 6, 10, 13) 

•OUT = 48 mA 



0.5 

V 

VOH 

High Level Output Voltage, 
(Pins 3, 6, 10, 13) 

•OUT = ~ 10 mA 

2.4 



V 

•OS 

Short-Circuit Output Current, 
(Pins 3, 6, 10, 13) 

v OUT= 0V, Vcc = 

VcC Wax 

-50 


-150 

mA 


RECEIVER 


— 

Low Level Input Current 

V| N = 0.4 V 



-200 

PA 

•IH 

High Level Input Current (R[=) 

V|N = VcC Wax 



25 

p A 

VOL 

Low Level Output Voltage 

lOUT = 20 mA 



0.5 

V 

VOH 

High Level Output Voltage, 

•OUT = -100 pA 

3.5 



V 


(Pins 2, 5, 11, 14) 

• OUT = -2 mA 

2.4 



V 

•os 

Short-Circuit Output Current, 
(Pins 2, 5, 11, 14) 

V 0UT = 0V, Vcc = 
Vcc Wax 

-30 


-75 

mA 


BOTH DRIVER AND RECEIVER 


VTL 

Low Level Input Threshold Voltage 

Vcc = Win, V|[\j = 0.8V, 
• OL = Wax 

0.85 



V 

Vth 

High Level Input Threshold Voltage 

Vcc = Wax, V ||\j = 0.8V, 
•OH = Wax 



2 

V 

•oz 

Low Level Output OFF Leakage 
Current 

V0UT = 0.5V 



-100 

pA 

•oz 

High Level Output OFF Leakage 
Current 

V 0UT = 2.4V 



100 

pA 

V| 

Input Clamp Voltage 

1 1 1\] = — 12 mA 



- 1.0 

V 

•cc 

Power Supply Current 
DS8T26A 

v cc = Vcc Wax 



87 

mA 


DST28 

V CC = V CC Wax 



110 

mA 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS8T26AM, DS8T28M and 
across the 0°C to +70°C range for the DS8T26A, DS8T28. All typicals are given for Vcc = 5V and T/\ = 25°C. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics 


PARAMETER 

CONDITIONS 

DS8T26A 

MAX 

DS8T28 

MAX 

UNITS 

Propagation Delay 

tON Dqut to R OUT- (Figure 1) 

C L = 30pF 

14 

17 

ns 

tOFF DouT to Rout- ( Figure 1) 


14 

17 

ns 

tON D||\j to Dqut. (Figure2) 

C|_ = 300pF 

14 

17 

ns 

tO F F D 1 N to Dq UT- (Figure 2) 


14 

17 

ns 

Data Enable to Data Output 

tPZL High Z to 0, (Figure 3) 

C[_ = 300 pF 

25 

28 

ns 

tPLZ 0 to High Z, (Figure 3) 


20 

23 

ns 

Receiver Enable to Receiver Output 

tPZL High Z to 0, (Figure 4) 

C|_ = 30 pF 

20 

23 

ns 

tPLZ 0 to High Z, (Figure 4) 


15 

18 

ns 


AC Test Circuits and Switching Time Waveforms 


V CC >5V 



FIGURE 1. Propagation Delay (Dqut to ^OUtI 


2.6V Vcc = 5.0V 



Freq = 1 0 MHz (50% duty cycle) 
Amplitude = 2.6V 

FIGURE 2. Propagation Delay (D|fj to DqutI 
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DS8T26A, DS8T26AM, 
DS8T28, DS8T28M 


















































AC Test Circuits and Switching Time Waveforms (Continued) 

2.6V V CC -5V 5V 




IN + 1.5V 1.6V ■ 



OUT 4- 1.5V 


Input pulse: 

t r = tf = 5 ns (10% to 90%) 

Freq = 5 MHz (50% duty cycle) 
Amplitude = 2.6V 


FIGURE 3. Propagation Delay (Data Enable to Data Output) 

VCC*5V 2.6V 5V 





Input pulse: 

t r = tf = 5 ns (10% to 90%) 

Freq = 5 MHz (50% duty cycle) 
Amplitude = 2.6V 


FIGURE 4. Propagation Delay (Receive/Enable to Receiver Output) 
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Section 3 

Peripheral/Power 

Drivers 



TEMPERATURE RANGE 
-55°C to + 125 °C 0°C to +70°C 

DESCRIPTION 

PAGE 

NUMBER 

DP7310 

DP8310 

Octal Latched Peripheral Drivers 

3-4 

DP7311 

DP8311 

Octal Latched Peripheral Drivers 

3-4 

DS1611 

DS3611 

Dual AND Peripheral Driver 

3-11 

DS1612 

DS3612 

Dual NAND Peripheral Driver 

3-11 

DS1613 

DS3613 

Dual OR Peripheral Driver 

3-11 

DS1614 

DS3614 

Dual NOR Peripheral Driver 

3-11 

— 

DS3616 

Bubble Memory Coil Driver 

3-17 

DS1631 

DS3631 

Dual AND CMOS Peripheral Driver 

3-24 

DS1632 

DS3632 

Dual NAND CMOS Peripheral Driver 

3-24 

DS1633 

DS3633 

Dual OR CMOS Peripheral Driver 

3-24 

DS1634 

DS3634 

Dual NOR CMOS Peripheral Driver 

3-24 

— 

DS3654 

Printer Solenoid Driver 

3-29 

— 

DS3656 

Quad Peripheral Driver 

3-33 

— 

DS3658 

Quad High Current Peripheral Driver 

3-35 

— 

DS3668 

Quad High Current Peripheral Driver 

3-38 

— 

DS3669 

Quad High Current Peripheral Driver 

3-41 

— 

DS3680 

Quad Negative Voltage Relay Driver 

3-44 

— 

DS3686 

Dual Positive Voltage Relay Driver 

3-47 

DS1687 

DS3687 

Dual Negative Voltage Relay Driver 

3-49 

— 

DS75450 

Dual AND Peripheral Driver 

3-51 

r DS55451 

DS75451 

Dual AND Peripheral Driver 

3-51 

'DS55452 

DS75452 

Dual NAND Peripheral Driver 

3-51 

' DS55453 

DS75453 

Dual OR Peripheral Driver 

3-51 

DS55454 

DS75454 

Dual NOR Peripheral Driver 

3-51 

DS55461 

DS75461 

Dual AND Peripheral Driver 

3-62 

DS55462 

DS75462 

Dual NAND Peripheral Driver 

3-62 

DS55463 

DS75463 

Dual OR Peripheral Driver 

3-62 

' DS55464 

DS75464 

Dual NOR Peripheral Driver 

3-62 

— 

MM74C908 

Dual CMOS 30V Driver 

CMOS 

— 

MM74C918 

AN-213 

Dual CMOS 30V Driver 

Safe Operating Areas for Peripheral Drivers 

CMOS 
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'Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s "The Reliability Handbook”. 




CO 

CO 


PERIPHERAL/POWER DRIVERS 


Output High 
Voltage (V) 

Latch-Up Voltage 
(Note 3) (V) 

Output Low 
Voltage (V) 

Output Low 
Current (mA) 

Propagation 
Delay 
Typ (ns) 

ON Power Supply 
Current (mA) 

Drivers/ 

Package 

Input 

Compatibility 

(Logic) 

Logic Function 
(Driver ON) 

Device Number 
and Temperature Range 

Page 

No. 

0°C to +70°C 


30 


0.5 

100 

40 

152 

» 

TTL 


DP8310 

DP7310 

34 

30 


0.5 

100 

40 

125 

Mm 

TTL 


DP8311 

DP7311 

34 

20 

13.5 

0.6 

100 

70 

90 


TTL 

Note 7 

DS3616 


3-17 

65 

30 

1.5 



65 


TTL/LS 

NAND 

DS3656 


3-33 

70 

35 

0.7 

KH 

2430 

65 

Kl 

TTL/LS 

NAND 

DS3658 


3-35 

70 

Note 8 

1.5 

600 

2000 

80 


TTL/LS 

NAND 

DS3668 
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70 

35 

0.7 

600 


65 

H 

TTL/LS 

AND 

DS3669 


341 

30 

20 

0.7 

MM 

31 

55 

2 

TTL 

AND 

DS75450 


3-51 

30 

20 

0.7 

■1' 

31 

55 

2 

TTL 

AND 

DS75451 

DS55451 

3-51 

30 

20 

0.7 

300 

31 

55 

2 

TTL 

NAND 

DS75452 

DS55452 

3-51 

30 

20 

0.7 

300 

31 

55 

2 

TTL 

OR 

DS75453 

DS55453 

3-51 

30 

20 

0.7 

300 

31 

55 

2 

TTL 

NOR 

DS75454 

DS55454 

3-51 

35 

30 

0.7 

WMM 

33 

55 

2 

TTL 


DS75461 

DS55461 

3-62 

35 

30 

0.7 

Mi 

33 

55 

2 

TTL 


DS75462 

DS55462 

3-62 

35 

30 

0.7 

300 

33 

55 

2 

TTL 


DS75463 

DS55463 

3-62 

35 

30 

0.7 

300 

33 

55 

2 

TTL 


DS75464 

DS55464 

3-62 

56 

40 

1.4 

300 


8 

2 

■ 

■SB 

DS3631 

DS1631 


56 

40 

1.4 

300 


8 

2 

E 


DS3632 

DS1632 


56 

40 

1.4 

300 

150 

8 

2 

CMOS 

■b 

DS3633 

DS1633 

3-24 

56 

40 

1.4 

300 

150 

8 

2 

CMOS 

MmM 

DS3634 

DS1634 

3-24 

80 

50 

0.7 

'MM 

125 

75 

2 

TTL/CMOS 

mtBSBM 

DS3611 

DS1611 


80 

50 

0.7 

Ifl 

125 

75 

2 

TTL/CMOS 


DS8612 

DS1612 


80 

50 

0.7 

300 

125 

75 

2 

. TTL/CMOS 


DS3613 

DS1613 

3-11 

80 

50 

0.7 

300 

125 

75 

2 

TTL/CMOS 

■f, mi 

DS3614 

DS1614 

3-11 

-2.1 

-60 

-60 

-50 

10,000 

4.4 

4 

TTL/CMOS 

(Note 4) 

DS3680 


3-44 

(Note 1) 

56 

1.3 

300 

1000 

28 

2 

TTL/CMOS 

NAND 

DS3686 


3-47 

(Note 1) 

-56 

-1.3 

300 

1000 

28 

2 

TTL/CMOS 

NAND 

DS3687 

DS1687 

349 

13.5 

15 

VcC -1 - 8 

300 

150 

0.015 

2 

CMOS 

AND 

MM74C908, 












MM74C918 



(Note 1) 

45 

1.6 

250 

1000 

70 

10 

(Note 2) 

(Note 2) 

DS3654 
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Note 1: The DS3686, DS3687 and DS3654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, DS3686 driving a relay solenoid connected to 28V would 
clamp the output voltage fly-back transient at 56V caused by the solenoid's stored inductive current. This clamp protects the circuit output and quenches the fly-back. 

Note 2: The DS3654 is a 10-bit shift register followed by 10 enabled drivers. The input circuit is equivalent to a 4k resistor to ground, and the logic input thresholds are 2.8V and 0.8V. The recommended power 
supply voltage is 7.5V to 9.5V. The circuit can be cascaded to be a 20 or 30-bit shift register. 

Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 

Note 4: DS3680 has a differential input circuit. 

Note 5: DP8310 inverting, positive edge latching. 

Note 6: DP8311 inverting, fall through latch. 

Note 7: Bubble memory coil driver. 

Note 8: DS3668 35V, latch-up with output fault protection. 

epmo uojpajes 



















































































































DP7310/DP8310/DP7311/DP8311 


Peripheral/ Power Drivers 


DP731 0/ DP831 0/ DP731 1 / DP831 1 
Octal Latched Peripheral Drivers 

General Description 

The DP7310/8310, DP731 1/8311 Octal Latched Peripheral ■ F 
Drivers provide the function of latching eight bits of data c 
with open collector outputs, each driving up to 100mA 
DC with an operating voltage range of 30 volts. Both ■ I, 
devices are designed for low input currents, high 
input/output voltages, and feature a power up clear (out- ■ 1 
puts off) function. 


The DP7310/8310 are positive edge latching. Two active 
low write/enable inputs are available for convenient data 
bussing without external gating. 

The DP731 1/8311 are fall through latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic “0”. The latches are cleared (outputs 
off) with a logic “0” on the clear pin. 

Features 

■ High current, high voltage open collector outputs 

■ Low current, high voltage inputs 

■ All outputs simultaneously sink rated current “DC” 
with no thermal derating at maximum rated 
temperature. 


Parallel latching or buffering 

Separate active low enables for easy data bussing 

Internal “glitch free” power up clear 

10% Vcc tolerance 


Applications 

■ High current high voltage drivers 

■ Relay drivers 

■ Lamp drivers 

■ LED drivers 

■ TRIAC drivers 

■ Solenoid drivers 

■ Stepper motor drivers 

■ Level translators 

■ Fiber-optic LED drivers 


Connection Diagrams 


Dual-ln-Line Package , 


DuaMn-Line Package 


1 


20 

— Vcc 

CLR 

1 


20 

2 


19 

WE2 

DU 

2 


19 

3 


18 

0I 5 

013 

3 


18 

4 


17 

— 016 

012 

4 


17 

5 

OP7310/ 

16 

— 017 

Dll 

5 

DP7311/ 

16 

6 

DP8310 

15 

— 018 

D0i 

6 

0P8311 

15 

7 


14 

— 008 

002 

7 


14 

8 


13 

007 

003 

8 


13 

9 


12 

006 

004 

9 


12 

10 


11 

DO5 

GND 

10 


11 


Order Number DP7310J, DP7311J, 
DP8310J, DP8311J, DP8310N 
or DP8311N 

See NS Package J20A or N20A 
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Logic Table 


DP7310/DP8310 

Write 

Write 

Data 

Data 

Enable 1 

Enable 2 

Input 

Output 

WE! 

we 2 

Dll-8 

DO!. 8 

0 

0 


Q 

0 

jT 


1 

0 

_jC 


0 

_jC 

0 


1 


0 

1 

0 

0 

1 

X 

Q 

1 

0 

X 

Q 

1 

1 

X 

Q 


DP7311/DP8311 

Clear 

Strobe 

Data 

Data 



Input 

Output 

CLR 

STR 

Dll-8 

DOi.a 

1 

1 

X 

Q 

1 

0 

0 

1 

1 

0 

1 

0 

0 

X 

X 

1 


X = Don’t Care 
1 = Outputs Off 
0 = Outputs On 
Q = Pre-existing Output 
= Positive Edge Transition 


Block Diagram dp 73 io/dp 83 io 




DATA OUT 1 
(DOi) 


DATA OUT 2 
( 002 ) 


( 018 ) 


WRITE ENABLE 1 
(WED 
WRITE ENABLE 2 

(WE2) 



DATA OUT 8 
( 00 8 ) 


Block Diagram dp 73 h/dp 83 h 



DATA OUT 1 
(00D 


DATA OUT 2 
( 002 ) 



DATA OUT 8 
( 00 8 ) 


3-5 


DP7310/8310/731 1/8311 































DP731 0/8310/7311/8311 


Absolute Maximum Ratings (Note i) 

SupplyVoltage 7.0V 

Input Voltage 35V 

Output Voltage 35V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1821 mW 

Molded Package 2005 mW 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature/Soldering, lOseconds) 300°C 

►Derate cavity package 12.1 mW/”C above 25°C; derate molded package 
16.0 mW/°C above 25°C. 


Operating Conditions 


Supply Voltage (V cc ) 
Temperature 
DP7310/DP7311 
DP8310/DP8311 
Input Voltage 
Output Voltage 


Min. Max. Units 


-55 +125 °C 

0 +70 °C 

30 V 

30 V 


DC Electrical Characteristics DP7310/DP8310, dp 73 h/dp 83 h (Notes 2 and 3) 


Symbol 


V (H Logical "1” Input Voltage . 


V| L Logical “0" Input Voltage 


Vol Logica "0” Output Voltage 

DP7310/DP731 1 
DP8310/DP8311 


Logical “1” Output Current 

DP7310/DP731 1 
DP8310/DP8311 


Logical “1” Input Current 


Input Current at Maximum Input 
Voltage 


Logical “0” Input Current 


Vciamp Input Clamp Voltage 


coo Supply Current, Outputs On 


DP7310 

DP8310 

DP7311 

DP8311 


Supply Current, Outputs Off 


DP7310 

DP8310 

DP7311 

DP8311 


Conditions 



Data outputs latched to 
logical “0”, V cc = min. 
l OL = 75ma 
l 0L = 100mA 


Data outputs latched to 
logical "1”, V cc = min. 
V OH = 25V 
V oh = 30V 


V|h = 2.7V, Vqq = max. 


V| N = 30V, V cc = max. 


V| |si = 0.4V, Vqc = max. 


Data outputs latched to a 
logical “0". All inputs are 
at logical “1”, V C c = max. 


Data outputs latched to a 
logic “1”. Other 
conditions same as l C co- 































































AC Electrical Characteristics DP7310/DP8310: v cc =4.5v, t a = -55 8 ctoi25°c 

Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

tpdO 

High to Low Propagation Delay 
Write Enable Input to Output 

Figure 1 


40 

120 

ns 

tpdl 

Low to High Propagation Delay 
Write Enable Input to Output 

Figure 1 


70 

150 

ns 

tsETUP 

Minimum Set-Up Time 
Data In to Write Enable Input 

tHOLD = 0nS 

Figure 1 

45 

20 


ns 

tpWH. 

tpWL 

Minimum Write Enable Pulse 
W’dth 

Figure 1 

60 

25 


ns 

Ithl 

High to Low Output Transition Time 

Figure 1 


16 

35 

ns 

tTLH 

Low to High Output Transition Time 

Figure 1 


38 

70 

ns 

C|N 

“N” Package Note 4 



5 

15 

pF 

AC Electrical Characteristics dp 73 h/dp 83 h: vcc= 5 v,Ta= 25 o c 

Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

tpdO 

High to Low Propagation Delay 
Data In to Output 

Figure 2 


30 

60 

ns 

tpdl 

Low to High Propagation Delay 
Data In to Output 

Figure 2 


70 

100 

ns 

tsETUP 

Minimum Set-Up Time 
Data In to Strobe Input 

Ihold = Ons 
Figure 2 

0 

-25 


ns 

tpWL 

Minimum Strobe Enable Pulse Width 

Figure 2 

60 

35 


ns 

tpdC 

Propagation Delay Clear to Data Output 

Figure 2 


70 

135 

ns 

tpWC 

Minimum Clear Input Pulse Width 

Figure 2 

60 

25 


ns 

ttHL 

High to Low Output Transition Time 

Figure 2 


20 

35 

ns 

tTLH 

Low to High Output Transition Time 

Figure 2 


38 

60 

ns 

C|N 

Input Capacitance — Any Input 

Note 4 


5 

15 

PF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified mln./max. limits apply across the -55'C to +125”C temperature range for the DP7310/DP7311 and across the 0°C to 
+70’C for the DP8310/DP8311. All typical values are forT A = 25°C, V CC = 5V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

Note 4: Input capacitance Is guaranteed by periodic testing. ftEST - 10 kHz at 300mV, T A = 25°C 


DP7310/8310/731 1/8311 









































































































Switching Time Waveform DP7310/DP8310 



TL/F5246 


Switching Time Waveform dp 73 h/dp 83 h 



TL/F5246 ■ 


Switching Time Test Circuits DP7310/DP8310 dp 73 h/dp 83 h 



*WEi =0V WHEN THE INPUT = WE2 

TL/F5246 



PULSE GENERATOR CHARACTERISTICS: 
Zq = 50O, tr = t| = 5ns 


i 


FIGURE 1 


FIGURE 2 








Typical Applications DP8310/11 Buffering High Current Device (Notes 1 and 2) 


PNP High Current Driver NPN High Current Driver 

30V MAX. 30V MAX V+ 




VMOS High Current Driver 


VQ v+ 




Eight Output/Four Output Fiber Optic LED Driver 
DP8311 100 mA Drivers DP8311 Parallel Outputs (200 mA) Drivers* 


v+ 
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DP731 0/831 0/731 1 /831 1 






Typical Applications (cont’d) 


8-Blt Level Translator-Driver 


+5 V+ 



TUF5246 


Digital Controlled 256 Level 
Power Supply from 1.2 Volts to 30 Volts 



TL/F5246 
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S3 


National 

Semiconductor 


Peripheral/Power Drivers 


DS1611/DS3611, DS1612/DS3612, DS1613/DS3613, 
DS1614/DS3614 Dual Peripheral Drivers 


General Description 


The DS1611 series of dual peripheral drivers was de- 
signed for those applications where a higher breakdown 
voltage is required than that provided by the DS75451 
series. The pin outs for the circuits are identical to those 
of the DS75451 through DS75454. The DS1611 series 
parts feature high voltage outputs (80V breakdown in 
the "OFF" state) as well as high current (300 mA in 
the "ON" state). Typical applications include power 
drivers, relay drivers, lamp drivers, MOS drivers, and 
memory drivers. 


Features 

■ 300 mA output current capability per driver 

■ High voltage outputs (80V) 

■ TTL compatible 

■ Input clamping diodes 

■ Choice of logic function 


Connection Diagrams (Dual-ln-Line and Metal Can Packages) 


V cc 62 A2 Y2 


V cc B2 A2 Y2 

1 I, Is Is 



A1 Bt Y1 GND 


Order Number DS1611J-8, Order Number DS1612J-8, Order Number DS1 61 3J-8, Order Number DS1 61 4J-8, 
DS361 1 J-8 or DS361 1 N DS3612J-8 or DS3612N DS3613J-8 or DS3613N DS3614J-8 or DS3614N 

See NS Package J08A or N08A 






Pin 4 is in electrical contact with the c 


Order Number 
DS1611H or DS3611H 


Order Number Order Number 

DS1612H or DS3612H DS1613H or DS3613H 

See NS Package H08C 


Order Number 
DS1614H or DS3614H 
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DS1611/DS3611, DS1612/DS3612, 
DS1613/DS3613, DS1614/DS3614 






DS1611/DS3611, DS1612/DS3612, 
DS1613/DS3613, DS1614/DS3614 


Absolute Maximum Ratings <Notei) 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage, Vcc 

7.0 V 

Supply Voltage (Vcc> 




Input Voltage 

5.5V 

DS161X 

4.5 

5.5 

V 

Output Voltage (Note 5) 

80V 

DS361X 

4.75 

5.25 

V 

Continuous Output Current 

300 mA 

Temperature (T^) 




Storage Temperature Range 

-65°C to +150°C 

DS161X 

-55 

+125 

°C 

Maximum Power Dissipation* at 25 C 


DS361X 

0 

+70 

°C 

Cavity Package 

1133 mW 





Molded Package 

1022 mW 

"Derate cavity package 7.6 mW/ 

*C above 25°C; derate molded 

TO -5 Package 

787 mW 

package 8.2 mW/ C above 25 C; derate TO-5 package 5.25 mW / 

Lead Temperature (Soldering, 10 seconds) 

300° C 

C above 25 C. 




Electrical Characteristics 

DS1611/DS3611, 

DS1612/DS3612, DS1613/DS3613, DS1614/DS3614 (Notes 2 and 3) 


PARAMETER 


High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 




CONDITIONS 


(Figure 1) 


(Figure 2) 


V cc = Min, I, =-12 mA, (Figure 3) 
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Switching Characteristics v cc = 5 ov, t a = 25 °c 

DS161 1/DS3611, DS1612/DS3612, DS1613/DS3613, DS1614/DS3614 


PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpoi Propagation Delay Time, 

Low-To-High Level Output 

l 0 « 200 mA, C L = 15 pF, R L = 50H, 
( Figure 6) 

DS161 1/ 
DS3611 


130 


ns 

DS1612/ 

DS3612 


110 


ns 

DS1613/ 

DS3613 


125 


ns 

DS1614/ 

DS3614 


220 


ns 

tppo Propagation Delay Time, 

High-To-Low Level Output 

l Q « 200 mA, C u = 15 pF, R L = 50ft, 
(Figure 6) 

DS161 1/ 
DS3611 


125 


ns 

DS1612/ 

DS3612 


110 


ns 

DS1613/ 

DS3613 


125 


ns 

DS1614/ 

DS3614 


150 


ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS361 1 , DS3612, DS3613, DS3614, 
and — 55°C to +125°C temperature range for the DS161 1 , DS1612, DS1613 and DS1614. All typical values are for T A = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min ori absolute value basis. 

Note 4: Maximum junction temperature is 150°C. 

Note 5: Maximum voltage to be applied to either output in the "OFF" state. 

Note 6: Delay is measured with a 50ft load to 10V, 15 pF load capacitance, measured from 1 .5V input to 50% point on output. 
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DS1611/DS3611, DS1612/DS3612, 
DS1613/DS3613, DS1614/DS3614 



































DS1611/DS3611, DS1612/DS3612, 
DS1613/DS3613, DS1614/DS3614 


Schematic Diagrams (each driver) 


OS3611 Dual AND Peripheral Driver 



DS3612 Dual NAND Peripheral Driver 



DS3613 Dual OR Peripheral Driver 
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Schematic Diagrams (Continued) 

DS3614 Dual NOR Peripheral Driver 



Test Circuits 



-O v 0H 

VV 0L 


"•l 

V 0L 

_l£ 


CIRCUIT 

INPUT 

UNDER 

TEST 

OTHER 

INPUT 

OUTPUT 

APPLY 

MEASURE 

DS361I 

V | H 

V | H 

•oh 

V 0 H 


V | [_ 

Vcc 

■ 0 L 

V 0L 

DS3612 

V |H 

V | h 

■ol 

VOL 


V,L 

Vcc 

•oh 

V 0 H 

DS3613 

V,H 

GND 

• oh 

Voh 


V | l 

V | l 

•OL 

V 0 L 

DS3614 

V | h 

GND 

■OL 

VOL 


V ( l 

V|L 

■OH 

Voh 


NOTE: Each input is tested separately. 
FIGURE 1. V 1H , V il ,V 0 h,Vol 


iij* 



Each input is tested separately. Note 1 : Each input is tested separately. 

Note 2: When testing DS3613 and DS3614 input not under test is grounded. For all 
other circuits it is at 4.5V. 


FIGURE 2. I|. I| H FIGURE 3. V|, l| L 



Both gates are tested simultaneously. Both gates are tested simultaneously. 

FIGURE 4. IcCH' *CCL f° r AND, NAND Circuits FIGURE 5. IqCH» ^CCL f° r NOR Circuits 
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DS1611/DS3611, DS1612/DS3C 
DS1613/DS3613, DS1614/DS3 





DS1611/DS3611, DS1612/DS3612, 
DS1613/DS3613, DS1614/DS3614 
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National Peripheral/Power Drivers 

Semiconductor 

DS3616 Bubble Memory Coil Driver 


General Description Features 

The DS3616 bubble memory coil driver provides the func- 
tion of driving the high current coils of a bubble memory 
device. The control inputs A, B, CS and HLD-EN are TTL 
compatible to insure easy interfacing to MOS control cir- 
cuits. Internal logic controls the output sinking and sourc- 
ing transistors to drive the X and Y bubble memory coils in 
a bridged push-pull configuration. 

Sourcing transistors are driven into saturation by the on- 
chip voltage booster for maximum current drive to the coil. 

The internal power up/down control circuit prevents 
glitches and noise on the outputs during system 
initialization. 

CS enables the output drive transistors. A pause capabili- 
ty is available from the HLD-EN input to allow asynchro- 
nous operation (refer to Typical Applications data). 

The DS3616 is characterized to operate from 0°C to 70°C. 


■ Two high current push-pull outputs 

■ TTL compatible low current inputs 

■ Two power supplies + 5V and +12V 

■ Internal clamp diodes 

■ Power up/down control circuit 

■ Optional internal voltage booster 

■ Run output for function driver control 



Connection Diagram 

Dual-ln-Line Package 

V DD 
B INPUT 
A INPUT 
b 0UTE 
b 0UTC 

Vbias 

BIAS DRIVE 
BIAS CLK 

TOP VIEW 

Order Number DS3616N 
See NS Package N16A 
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DS3616 







DS3616 


Functional Block Diagram 


Vcc 



Vdd 


Functional Tables (Note 2) 


HLD-EN 

= 0 




! 


B 

cs 




X 

X 

1 

z 

z 

0 

0 

0 

0 

z 

z 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 

0 

0 



Note 1: When used as Y driver, HLD-EN is in Logic "0” state. 

Note 2: Run output is independent of the power-up clear circuit and functions down to Vcc = 3V. (See Typical Applications.) 
Note 3: If BIAS CLK stops, it must remain in a Logic "1” state to prevent excessive DC current In the inductor. 
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Absolute Maximum Ratings (Note i) 


Supply Voltage (V cc ) 7V 

Supply Voltage(V DD ) 15V 

Coil Source Voltage (V CO il) 14V 

^bias-Vcoil 6.5V 

Peak Output Current (Coil Outputs) 1A 

Vbias Drive Current 300 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 1950mW 


Derate molded package 15.6 mW/'C above 25°C. 


Recommended Operating Conditions 


Min Typ 

Max 

Units 

T a Operating Temperature 

0 

70 

°C 

Supply Voltage (V cc ) 

4.75 (4.5)** 5 

5.25 

V 

Supply Voltage (V DD ) 

11.4(10.8)** 12 

12.6 

V 

Coll Source Voltage (V C oil) 

7 10 

13.5 

V 

Vbias-Vcoil 

4.0 4.8 

6 

V 

Peak Coil Output Current 


950 

mA 

Peak V B | A s Drive Current 


200 

mA 


** Min supply voltage for functionality during power up/down sequences. 


Electrical Characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

High Level Input Voltage 

V cc = 4.75V 

2.0 



V 

V,L 

Low Level Input Voltage 

V cc = 4.75V 



0.8 

V 

V OD 

Differential Output Voltage 

10 - 850 mA,V C oiL = 13.5V, 

Vbias = 18.5V, V cc - 4.75V, V DD = 11.4V 

11.7 

12.2 

12.7 

V 

1 

Output Clamp Diode Voltage 

1 o = — 850 mA, Lower Clamp 

-0.9 


-1.5 

V 

l o = 850 mA, Upper Clamp 

0.9 


1.5 

V 

V ICLAMP 

Input Clamp Diode Voltage 

l,= -12 mA 


-0.9 

-1.5 

V 

V OHR 

Run High Level Output Voltage 

1 0H = — 400 /iA, V cc = 4.75V 

2.4 

3.3 


V 

l 0H = - 100 „A, V cc = 4.75V 

3.5 

4.1 

4.45 

V 

V OLR 

Run Low Level Output Voltage 

l OL = 5mA, V cc = 4.75V 


0.2 

0.5 

V 

l| 

Maximum Input Current at 
Maximum Input Voltage 

V cc = 5.25V, V| N = 5.5V 


■ 

100 

„A 

IlH 

High Level Input Current 

V cc = 5.25V, V IN = 2.4V 


1 

40 

**A 

IlL 

Low Level Input Current 

V cc = 5.25V, V| L = 0.4V 


-160 

-250 

a a 

V CCEN 

V cc Power Up Enable Voltage 


3.2 

3.8 

4.4 

V 

V DDEN 

V DD Power Up Enable Voltage 


8.0 

9.5 

10.5 

V 

v bias 

Regulator Threshold Voltage 

V CO iL=10V, V DD =12V, V cc = 5V 

14.0 

14.8 

16 

V 

V f 

Bias Diode Voltage 

l F = 100 mA 


0.9 

1.5 

V 

•r 

Bias Diode Leakage Current 

Vreverse = 20v 


5 

500 

fA 

V OL 

V CE(SAT) V B | AS Output 
Transistor 

v cc = 4.75V, Bias Drive = 100 mA 


0.3 

0.6 

V 

mm 

Leakage Current of V B | AS 
Output Transistor 

V 0H - 20V 


5 

500 

a A 


Leakage Current of the 
Upper Drive 

Vcoil — 13.5V, V Q ut — 0V 


10 

1000 

/‘A 

!lcl 

Leakage Current of the 
Lower Drive 

V 0UT =15V 

■ 

10 

1000 

mA 

'cchei 

V cc Supply Current Chip 
Enabled 

A = 3.0V, B = 0.4V, CS = 0.4V, 
HLD-EN =0.4V, V cc = 5.25V 


55 

90 

mA 

IcCO(D) 

V cc Supply Current Chip 
Disabled 

A = B = HLD-EN = 0.4V, CS = 3.0V, 
V CC = 5.25V 


17 

33 

mA 

!dd 

V D p Supply Current 

V DD = 12.6V 


4.5 

7 

mA 

'biasrei 

V B ias Current Chip Enabled 

V B , AS = 18.5V, V CO il- 13-5V 
Same Input Conditions as l C ci 


40 

60 

mA 

•bIASO(D) 

Vbias Current Chip Disabled 

V BIAS = 18.5V, V col L= 13.5V 
Same Input Conditions as l C co 

■ 

5 

8 

mA 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the O'C to 70°C temperature range for the DS3616. Vqq = 5V ± 5%, Vdd = 12V ± 5%. During 

power up/down, for functional operation, Vcc = +5%, -10%;V[)o = +5%, -io%, 1 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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DS3616 


Switching Characteristics t a = o°c to 7 o°c, v cc = 4.75V, v DD = n 4 v 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

%) 

Rise Time for A 0 ut or 
B out Emitters 

Figure 1 


40 

100 

ns 

l F(E) 

Fall Time for A OUT or 
B out Emitters 


15 

50 

ns 

t R(C) 

Rise Time for A 0UT or 
B 0 ut Collectors 

Figure 2 


15 

50 

ns 

^(C) 

Fall Time for A 0U r or 
Bqut Collectors 


25 

50 

ns 

'oN(E) 

Turn ON Time for A 0 ut 
or Bqut Emitters 

Figure 1 


85 

150 

ns 

'oFF(E) 

Turn OFF Time for A 0 ut 
or B 0 ut Emitters 


45 

120 

ns 

'oN(C) 

Turn ON Time for A 0 ut 
or B 0UT Collectors 

Figure 2 


70 

150 

ns 

t OFF(C) 

Turn OFF Time for A 0 ut 
or B 0 ut Collectors 


55 

120 

ns 

'CSON(E) 

Time for CS to Enable 
Output Emitters 

Figure 3 


70 

150 

ns 

'CSOFF(E) 

Time for CS to TRI-STATE® 
Output Emitters 


50 

120 

ns 

'CSON(C) 

Time for CS to Enable 
Output Collectors 

Figure 4 


50 

120 

ns 

'CSOFF(C) 

Time for CS to TRI-STATE 
Output Collectors 


60 

120 

ns 

'r(RUN) 

Rise Time for Run Output 

Figure 5 


50 

70 

ns 

'f(RUN) 

Fall Time for Run Output 


10 

20 

ns 

'ON(RUN) 

Turn ON Time for Run Output 


70 

110 

ns 

'oFF(RUN) 

Turn OFF Time for Run Output 


40 

70 

ns 

*PLZ 

Propagation Delay for HLD-EN 
to TRI-STATE A 0 ut Collector 

Figure 6 


65 

120 

ns 

l PZL 

Propagation Delay for HLD-EN 
Turn ON A 0UT Collector 


45 

120 

ns 

'charge 

Charge Up Time forV B | AS 

1 mh, 2 fiF, f CLK = 800 kHz 


2 

5 

ms 

'dON 

Turn ON Time of Clamp Diodes 

Figure 1 


30 

50 

ns 

IMB 

DC Imbalance under AC 
Conditions 

Figure 8 


±0.1 


V 

BIASCLK 

Duty Cycle 


40 

50 

60 

% 

Frequency 

600 

800 

1000 

kHz 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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FIGURE 1. Test Set-Up and Timing Waveforms for A 0 ut and Bout Emitters 



h Ground A input if B is the driven input or 
Ground B if A is the driven input. 



FIGURE 2. Test Set-Up and Timing Waveforms for Aqut and Bqut Collectors 




* For Aqu and Bqutc* A = 3V, B = OV; 
for BquTE ar| d AoUTC- A = OV, B = 3V. 


FIGURE 3. Test Set-Up and Timing Waveforms for Aqut and Bout Emitters 




* For AquTE anc * ^OUTC» A = 3V, B = OV; 
for BqutE and AouTC» A = OV, B = 3V. 


FIGURE 4. Test Set-Up and Timing Waveforms for Aqut and B 0 ut Collectors 
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DS3616 








FIGURE 5. Test Set-Up and Timing Waveforms for Run Output 



* Input Conditions: A = B = 3V 


FIGURE 6. Test Set-Up and Timing Waveforms for Aqutc TRI-STATE 



FIGURE 7. AC Switching Characteristics 



FIGURE 8. DC Imbalance Test Circuit 


Note 1: Output waveforms may be generated with CS = input, A = B = OV or B = input, A = 3V, CS = OV 

Note 2: Reference VqutH I s set a * 4V. which includes the active pull-up voltage plus charge-up voltage due to the internal 5 ktt resistor to Vcc (typical rise 
time = 12 ns). 





Typical Characteristics 


If vs V F of Output 

Clamp Diode Over Ambient 

Temperature 


lc(SAT) vs VcE(SAT) °f 
Output Transistors 
Over Ambient Temperature 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 



0 0.1 0.3 0.5 0.7 0.9 


V F - FORWARD OUTPUT CLAMP 
DIODE VOLTAGE (V) 


VCE(SAT) - OUTPUT TRANSISTOR V C £ 
SATURATED VOLTAGE (V) 



Typical Applications (Figures 9 and 10) 

The coil driver circuit is used to generate triangular cur- 
rent waveforms for the bubble memory coils. The currents 
are generated by switching the coil driver in such a way 
that a voltage pulse is applied to the coil. The coil 
inductance integrates the voltage into a current ramp. 
When the pulse is switched OFF the current is commu- 
tated by two on-chip clamp diodes and current ramps 
down to zero. At that time the opposite polarity pulse is 
applied to the coil, which causes the current to ramp in the 
opposite direction. 



FIGURE 9. Typical Application 


The Run output drives the chip enable input of the function 
driver (DS3615). It goes low when A = B = 1, indicating the 
controller has stopped the coils, or when CS = 1 indi- 
cating the bubble is not selected. In the event of a system 
power loss, A and B are to be set to logic 1 by the control- 
ler. This stops the coil driver and causes the Run output to 
go to zero which disables the function driver. The Run out- 
put is guaranteed to stay at Logic “0” and coil drive out- 
puts in Logic_^'0” state or high impedance condition (if 
A = B = 1 or CS = 1) down to V cc = 3V, at which time the 
function driver and coil driver power supply sensors will 
have disabled all outputs driving the bubble. 



FIGURE 10. Coil Current and Voltage Waveforms 
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DS1 631/3631, DS1632/3632, 
DS1633/3633, DS1634/3634 


Semiconductor 


Peripheral/Power Drivers 


DS1631/DS3631, DS1632/DS3632, DS1633/DS3633, 
DS1634/DS3634 CMOS Dual Peripheral Drivers 

General Description 


The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CMOS compatible inputs with thresholds 
that track as afunction of V cc (approximately 1/2 V cc ). 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break- 
down voltage is 56V at 250juA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal V cc current levels since base drive for the 
output transistor is obtained from the load in propor- 
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical V cc = 5V power is 28 mW with both outputs 
ON. V cc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the V cc supply is lost by forcing the output into the 


high impedance OFF state with the same breakdown 
levels as when V cc was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS75451, DS75461, DS3611. This feature allows direct 
conversion of present systems to the MM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTL compatible at Vcc = 5V. 

Features 

■ CMOS compatible inputs 

■ TTL compatible inputs 

■ High impedance inputs PNP's 

■ High output voltage breakdown 56V min 

■ High output current capability 300 mA max 

■ Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits 

■ Low V cc power dissipation (28 mW both outputs 
"ON" at 5V) 


Connection Diagrams (Dual-ln-Line and Metal Can Packages) 


Vcc B2 A2 X2 


V cc B2 A2 X2 





A1 B1 XI GND 


V CC B2 A2 X2 



At B1 XI GND 


A1 B1 XI GND 


Order Number DS1631 J-8, Order Number DS1632J-8, Order Number DS1633J-8, Order Number DS1634J-8, 
DS3631J-8 or DS3631N DS3632J-8 or DS3632N DS3633J-8 or DS3633N DS3634J-8 or DS3634N 

See NS Package J08A or N08A 



Order Number 
DS1631H or DS3631H 




GND 

TOP VIEW 

(Pin 4 is electrically connected to the case.) 


Order Number Order Number 

DS1 632H or DS3632H DS1 633H or DS3633H 

See NS Package H08C 
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Order Number 
DS1634H or DS3634H 






Absolute Maximum Ratings (Noten 


Operating Conditions 


Supply Voltage 16V 

Voltage at Inputs -0.3V to Vcc +0.3V 

Output Voltage 56V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1133 mW 

Molded Package 1022 mW 

TO -5 Package 787 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

'Derate cavity package 7.6 mW/°C above 25°C; derate molded 
package 8.2 mW/°C above 25°C; derate TO-5 package 5.2 mW/ 
°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


1133 mW 
1022 mW 
787 mW 
300° C 


PARAMETER 


ALL CIRCUITS 


V|H Logical "1" Input Voltage 


Logical "0" Input Voltage- 


Supply Voltage, Vqq 

MIN 

MAX 

UNITS 

DS 1 631 /DS 1632/ 
DS1 633/DS1 634 

4.5 

15 

V 

DS3631 /DS3632/ 
DS3633/DS3634 

4.75 

15 

V 

Temperature, Ta 

DS1631/DS1632/ 

DS1633/DS1634 

-55 

+ 125 

°c 

DS3631 /DS3632/ 
DS3633/DS3634 

0 

+70 

°c 


CONDITIONS 


MAX UNITS 


Logical "1" Input Current 



Vql Output Low Voltage 


(Figure 1) 

V C C = 5V 

v C c = iov 


Vcc = 15V 

(Figure 1) 

V C c= 5V 

v C c= iov 


V C C= 15V 

Vcc = 15V, V|N = 15V, (Figure 2) 

V|n = 0.4V, (Figure 3) 

V C C = 5V 

Vcc = 15V 

VCC = 15V, Iqh = 250 pA, (Figure 1) 

Vcc = Min, (Figure 1), 
DS1631 DS1632 

lOL = 100 mA 

DS1633, DS1634 

lOL = 500 mA 

Vcc = Min, (Figure 1), 
DS3631, DS3632, 
DS3633, DS3634 

lOL = 100 mA 

lOL = 300 mA , 


\mm 

2.5 


V 

im 

5 


V 

mm 

warn 


V 


2.5 

1.5 

V 


ISQI 

2.0 

V 


warn 

mm 

V 


0.1 

10 

MA 


-50 

-120 

pA 


-200 

-360 

PA 

56 

65 


V 


0.85 

1.1 

V 


1.1 

1.4 

V 


0.85 

1.0 

V 


1.1 

1.3 

V 


DS1631/DS3631 

ICC(0) Supply Currents 


V C C = 5V 

Output Low 


7 

11 

mA 



Both Drivers 




Vcc = 15V 


14 

20 

mA 

ICC(1) 

(Figure 4) 

VCC = 5V,V| N = 5V 

Output High 


2 

3 

mA 


Vcc = 15V, V|N = 15V 

Both Drivers 


warn 

10 

mA 

tpoi Propagation to "1" 

Vcc = 5V, Ta = 25°C, Cl = 15 pF. R L = 50ft, V[ 
(Figure 5) 

.= 10V, 


200 


ns 

1PD0 Propagation to "0" 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, R L = 50J7, V L 
(Figure 5) 

. = 10V, 


150 


n$ 

DS1632/DS3632 

ICC(0) Supply Currents 

( Figure 4) 

VcC = 5V,V| N = 5V 

Output Low 


8 

12 

mA 


VCC = 15V, V||\| = 15V 


18 

23 

mA 

ICC(1) 

V | |M = 0 V , (Figure 4) 

V C C = 5V 

Output High 


mm 

3.5 

mA 


V C C = 15V 


9 

14 

mA 

tpQ i Propagation to "1" 

Vcc=5V. T A = 25°C, Cl= 15pF, R L = 50Q, V L 
(Figure 5) 

.= 10V, 


150 


ns 

tPDO Propagation to "0" 

Vcc = 5V, T A = 25°C, Cl = 15 pF, R L = 50R, V L 
(Figure 5) 

.= 10V, 


150 


ns 

DS1633/DS3633 

•CC(0) Supply Currents 


Vcc = 5V 




12 

mA 






V C C = 15V 



16 

23 

mA 

'CC(I) 

(Figure 4) 

Vcc = 5V,V| N = 5V 



2 

4 

mA 


Vcc= 15V, V | im = 15V 



msm 

15 

mA 

tpoi Propagation to "1" 

Vcc = 5V T A = 25°C, Cl = 15 pF, R L = 500, Vl 
(Figure 5) 

.= 10V, 


200 


ns 

tPDO Propagation to "O' 

Vcc = 5V, Ta = 25°C, Cl = 15 pF, Rl = 500, Vl 
(Figure 5) 

. = iov, 


150 


ns 
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DS1631/3631, DS1 632/3632, 
DS1633/3633, DS1634/3634 


Electrical Characteristics (Continued) 


PARAMETER 


DS1634/DS3634 


ICC(O) Supply Currents 


(Figure 4) 


V | [\j = OV, (Figure 4) 


CONDITIONS 


VcC=5V,V|m = 5V 


VcC= 15V, V | |s] = 15V 


V C C=5V 


V C C= 15V 


MIN TYP MAX UNITS 


12 mA 



IPDI Propagation to "1" Vcc = 5V, T/\ = 25 C, Cl = 15 pF, R[_ = 5012, V(_ = 10V, 
(Figure 5) 


ipDO Propagation to “0" Vcc = 5V, T^ = 25°C, C[_ = 15 pF, R|_ = 50f2, V[_ = 10V, 
(Figure 5) 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS1631, DS1632, DS1633and 
DS1 634 and across the 0°C to +70° C range for the DS3631 , DS3632, DS3633 and DS3634. All typical values are for T/^ = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Test Circuits 


SEE CIRCUIT y I SEE 

TEST UNDER U 1 TEST 

TABLE B TEST TABLE 


7T 

V 0 L < 

15 







CIRCUIT 

INPUT 

UNDER 

OTHER 

OUTPUT 


TEST 

INPUT 

APPLY 

MEASURE 

DS3631 

V|H 

V I H 

'OH 

VOH 


V|L 

Vcc 

'OL 

VOL 

DS3632 

V|H 

V|H 

lOL 

VOL 


V|L 

Vcc 

'OH 

VOH 

DS3633 

V|H 

GND 

'OH 

VOH 


V|L 

V|L 

>OL 

v OL 

DS3634 

V|H 

GND 

'OL 

VOL 


V|L 

V|L 

lOH 

VOH 


Note: Each input is tested separately. 

FIGURE 1. V, h ,V IL ,V 0 H. VqL 


CIRCUIT I Y 
UNDER I— OPEN 
, A TEST 


Each input is tested separately. 

FIGURE 2. I ]H 
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Test Circuits (Continued) 


VccO — | SEE A , 6 

I NOTES 


CIRCUIT ly 
UNDER I— OPEN 
I. A TEST 


Note A: Each input is tested separately. 

Note B: When testing DS1 633 and 0S1 634 input not under test is grounded. For all 
other circuits it is at Vcc- 


Both gates are tested simultaneously. 


FIGURE 3. 1 1 1_ 


FIGURE 4. I CC 



Switching Time Waveforms 


INPUT n 

DS1631 1.5 V 

DSt 633 



Note 1; The pulsa generator has the following characteristics: PRR ■ 500 kHz, Z 0UT % 50H. 
Note 2: C L includes probe and jig capacitance. 


FIGURE 5. Switching Times. 
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Semiconductor 


Peripheral/Power Drivers 


DS3654 Printer Solenoid Driver 

General Description 

The DS3654 is a serial-to-paral lei 10-bit shift register 
with a clock and data input, a data output from the 
tenth bit, and 10 open-collector clamped relay driver 
outputs suitable for driving printer solenoids. 

Timing for the circuit is shown in Figure 1 . Data input is 
sampled on the positive clock edge. Data output changes 
on the negative clock edge, and is always active. Enable 


transfers data from the shift register to the open-collector 
outputs. Internal circuitry inhibits output enable for 
power supply voltage less than 6V. 

Each output sinks 250 mA and is internally clamped to 
ground at 50V to dissipate energy stored in inductive 
loads. 


Connection Diagram 


Dual-In-Line Package 


OUTPUT 7 
OUTPUT S 
OUTPUTS 
OUTPUT 10 
DATA OUTPUT 



OUTPUT 2 
OUTPUT 1 
DATA INPUT 


Order Number DS3654J or DS3654N 
See NS Package J16A or N16A 


Logic Diagram 


Pin Descriptions 


Pin No. 

Function 

1 

Output Enable 

2 

Output 6 

3 

Output 7 

4 

Output 8 

5 

Output 9 

6 

Output 10 

7 

Data Output 

8 

Ground 

9 

Clock Input 

10 

Data Input 

11 

Output 1 

12 

Output 2 

13 

Output 3 

14 

Output 4 

15 

Output 5 

16 

V CC 


OUTPUT _1 
ENABLE'-' - 


1 2 3 4 5 S 7 


WbM'Sili 


data o^J JT 

INPUT I ^ 


CLOCK - 9 
INPUT U 
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DS3654 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage, Vcc 
Input Voltage 
Output Supply, Vp-p 
Storage Temperature Range 
Output Current (Single Output) 

Ground Current 

Peak Power Dissipation t < 10 ms. 

Duty Cycle <5% 

Maximum Power Dissipation* at 25 C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 


9.5V max 
-0.5V min. 9.5V max 
•45V max 
-65° C to +150°C 
0.4A 
4.0 A 
4.5W Max 


1635 mW 
1687 mW 
300° C 


•Derate cavity package 10.9 mW/ C above 25 C; derate molded 
package 13.5 mW/°C above 25°C. 


Supply Voltage (Vqq) 
Temperature (Ta) 
Output Supply (Vp-p) 


Electrical Characteristics (Notes 2, 3 and 4) Vp-p = 30V unless otherwise noted 


PARAMETER 

Logical "1" Input Voltage 
Logical “0" Input Voltage 
Logical “1" Output Voltage Clamp 
Logical "1" Output Current 
Logical "0" Output Voltage 

Logical "1" Input Current 
Clock 
Enable 
Data 
Clock 
Enable 
Data 

Logical "0" Input Current 
Clock 
Enable 
Data 

Input Pull-Down Resistance 
Clock 
Enable 
Data 

Supply Current dec) 

Outputs Disabled 

Outputs Enabled 

Data Output Low (Vqql) 

Data Output High (Vqoh) 

Data Output Pull-Down Resistance 


CONDITIONS 


ICLAMP = 0.1A, Ven = 0V 
VoH = 40V, Ven= 0 
lOL = 250 mA, Ven = 2.6V 

T A = 70° C, Vcl = 2.6V 
Ta = 70°C, Ven = 2.6V 
T A = 70°C, V D = 2.6V 
t a = 0°c, v cl = 2.6V 
T A = 0°C,Ven = 2.6V 
Ta = 0°c, V D = 2.6 V 

ta = 7o°c, Vcl = 1V 
Ta = 70° C, Ven = IV 
Ta= 70°C, Vq= iv 

t a = 25°c, Vcl < Vcc 
t a = 25°c, Ven < Vcc 
Ta = 25° c, V D < Vcc 

Ta>25°C,Ven = 0,V DO = 0. 

Vcc = 9.5V 

Ta > 25°C, Ven = 2.6, lOL = 250 mA 
Each Bit 

V D = 0, IOL = 0 

Vd = 2.6, IoH = -0.75 mA 

v D = o,v D o = iv 


MIN 

TYP 

MAX 

UNITS 

2.6 



V 



0.8 

V 

45 

50 

65 

V 



1.0 

mA 



1.6 

V 

0.2 

0.33 


mA 

0 2 

0.33 


mA 

0.3 

0.57 


mA 


0.33 

0.5 

mA 


0.33 

0.5 

mA 


0.57 

0.75 

mA 


125 


AtA 


125 


/iA 


220 


MA ' 


8 


kft 


8 


kft 


4.5 


kS2 


27 

40 

mA 


55 

70 

mA 


0.01 

0.5 

V 

2.6 

3.4 


V 


14 


kfi 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 7.5V to 9.5V power supply range. 
All typical values given are for Vcc = 8.5V and Ta = 25°C. 

Note 3; All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise 
specified. 

Note 4: Only one output at a time should be shorted. 
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Switching Characteristics 0°C to +70°C, Ta = 25°C, nominal power supplies unless otherwise 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Clk, Data and Enable Inputs 

(Figure 1) 





tFC 




2.0 

/js 

tRC 

tBIT>10Ais 



2.0 

MS 

tCLK 


2 



MS 

tCLK 


3.5 



MS 

tHOLD 




1.0 

MS 

t SET-UP 




1.0 

MS 

tRE.tRDIN 




1.0 

MS 

tFE. tFD IN 




5.0 

MS 

Output 1-10 

Vp-p = 20V 





tRO 

R|_= 10012, Cl < 100 pF 


1.2 


MS 

tFO 

R|_= 100n, Cl< 100pF 


1.2 


MS 

tPDEH 



3.5 


MS 

tPDEL 



3.0 


MS 

Data Output 






tPDH. tPDL 

R|_ = 5 kJ2, C[_ <. 10 pF 


0.8 

2.5 

MS 

tRD 



0.4 


MS 

tFD 



0.4 


MS 

Clock to Enable Delay 






tCE 


2 teiT 



MS 

Enable to Clock Delay 


tBIT 



MS 


Switching Time Waveforms 


| - 'BITMIN' - |- ■ 'BIT H 



'clk r— 'FC — — *4- <CLK 


I -j-l k-'HOLD I j 

-*"l r" - 'SET-UP r* >RD *FD H 

•'RE 'FEN "~| H — 




FIGURE 1. Shift Timing 
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Definition of Terms 


Vp-p: Output power supply voltage. The return for 
open-collector relay driver outputs. 

t{31T : Period of the incoming clock. 

VclK : The voltage at the clock input. 

tCLK : "The portion of tBIT when VcLK > 2.6V. 


tcLK : The portion of tBIT when Vql« < 0.8V 

tsET-UP : The time prior to the end of tci_K required 
to insure valid data at the shift register input for sub- 
sequent clock transitions. 

tHOLD : The time following the start of tQLK required 
to transfer data within the shift register. 
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National 

Semiconductor 


Peripheral/Power Drivers 


DS3656 Quad Peripheral Driver 

General Description 

The DS3656 is a quad peripheral driver designed for use in 
automotive applications. Logically it is an open collector 
NAND function with all inputs compatible with 74LS and 
CMOS series products. An enable input is provided that is 
common to each driver. When taken to a logic zero level all 
outputs will turn off. Also, overvoltage is detected. 

The DS3656 has features associated with the output struc- 
ture that make it highly versatile to many applications. 
Each output is capable of 600 mA sink currents and offers 
65V standoff voltage in non-inductive applications. A 
clamp network capable of handling 800 mA is incorporat- 
ed in each output which eliminates the need of an external 
network to quench the high voltage backswing caused 
when switching inductive loads up to 30V (reference 
AN-213). 

The DS3656 is intended to operate from a 12V automotive 
battery. Internal to the device is its own voltage regulator 
which permits the device to operate during the wide 
voltage variation seen in many automotive applications. 

An overvoltage-protection circuit is incorporated that will 
cause the outputs to turn off when the supply exceeds 
30V. The circuit is designed to withstand worst case fault 
conditions that occur in automotive applications, such as 


high voltage transients and reverse battery connection. In 
this type of environment an external 100D resistor must be 
connected in series with the V cc line. 

The molded package is specifically constructed to allow 
increased power dissipation over conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a copper PC board the power rating 
of the device will significantly improve. 


Features 

■ Quad automotive peripheral driver 

■ 600 mA output current capability 

■ High voltage outputs — 65V 

■ Clamp diode provided for inductive loads 

■ Built in regulator 

■ Overvoltage failsafe 

■ TTL/LS/CMOS compatible diode clamped inputs 

■ High power dissipation package 

■ Guaranteed to withstand worst case fault conditions 


Connection Diagram 


Dual-ln-Line Package 

IN A IN B EN GND GND Vcc IN C IN D 



Order Number DS3656N 
See NS Package N16A 


Truth Table 


Enable 

InX 

OutX 

H 

H 

L 

H 

L 

H 

L 

X 

H 

H = high level 

L = low level 

X = Irrelevant 
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DS3656 


Absolute Maximum Ratings (Note i) 


Operating Conditions 



Supply Voltage, V cc (Note 2) 

65V 

Min 

Max 

Units 

Input Voltage 

7V 

Supply Voltage, V cc 10.5 

17.0 

V 

Output Voltage 

65V 

Temperature - 40 

105 

°C 


Continuous Output Current 1.2A 

Junction Temperature 150°C 

Thermal Resistance (Junction to Ambient) 


Continuous Output Current 1.2A 

Junction Temperature 150°C 

Thermal Resistance (Junction to Ambient) 

DS3656N Plugged in a Socket 60°C/W 

DS3656N Soldered in a PC Board 35°C/W 

DS3656N Soldered in a PC Board 20°C/W 

with 6 in 2 Cn Foil 

Lead Temperature (Soldering, lOseconds) 300°C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

< 

o 

o 

Power Supply Voltage 


10.5 

17 

V 

'cc 

Power Supply Current 



65 

mA 

V,H 

High Level Input Voltage 


2.0 


V 

V,L 

Low Level Input Voltage 



0.8 

V 

IlH 

High Level Input Current 

V in = 2.7V 


20 

mA 

IlL 

Low Level Input Current 

V| N = 0.4V 


-360 

aA 

V,CL 

Input Clamp Voltage 

| |N = -10 mA 


-1.5 

V 

o 

> 

Low Level Output Voltage 

l L = 600 mA, V cc = 10.5V 


1.5 

V 

'oh 

High Level Leakage Current 

V 0H = 65V 


10 

mA 

v F 

Output Diode Forward Voltage 

l F = 800 mA 


2.5 

V 

'r 

Output Diode Reverse Leakage 

V r = 65V 


1.0 

mA 

b vcer 

V 0H1 Switching Capacitive or Resistive Load 



65 

V 

l vceo 

V 0 h 2 Switching Inductive Clamped Load 



30 

V 


Switching Characteristics v cc = 13.2V, t a = 25 c 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

tpLH 

Propagation Delay Time 
Low to High Level Output 

V cc = 13.2V, R L = 300, C L = 15 pF 


10 

as 

tpHL 

Propagation Delay Time 
High to Low Level Output 

V cc = 13.2V, R l = 300, C l = 15 pF 


10 

ps 

^TLH 

Transition Time 

Low to High Level Output 

V cc = 13.2V, R L = 300, C(_= 15 pF 


500 

ns 

l THL 

Transition Time 

High to Low Level Output 

V cc = 13.2V, R L = 300, C L = 15 pF 


500 

ns 

*PLH 

Enable to Output 

V cc = 13.2V, R L = 300, C L = 15 pF 


10 

AS 

tpHL 

Enable to Output 

V cc = 13.2V, R L = 300, C L = 15 pF 


10 ! 

AS 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics” pro- 
vides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: Unless otherwise specified min/max limits apply across the -40“Cto +105'C temperature range. 
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National 

am Semiconductor 

DS3658 Quad High Current Peripheral Driver 


Peripheral/Power Drivers 


General Description 


The DS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibil- 
ity with high impedance. In fact, its extreme low input 
current allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer 
a 70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection— refer AN-213). An 
on-chip clamp diode capable of handling 800 mA is pro- 
vided at each output for this purpose. In addition, the 
DS3658 incorporates circuitry that guarantees glitch-free 
power up or down operation and a fail-safe feature which 
puts the output in a high impedance state when input is 
open. 

The molded package is specifically constructed to allow 
increased power dissipation over conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a PC board, the power rating of the 
device improves significantly. 

Applications 

■ Relay drivers 

■ Lamp drivers 

■ Solenoid drivers 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 


LED drivers 

High current, high voltage drivers 
Level translators 
Fiber optic LED drivers 


Features 


Single saturated transistor outputs 

Low standby power, 10 mW typical 

High impedance TTL compatible inputs 

Outputs may be tied together for increased current 

capacity 

High output current 
600 mA per output 
2.4A per package 
No output latch-up at 35V 
Low output ON voltage (350 mV typ @ 600 mA) 

High breakdown voltage (70V) 

Open collector outputs 

Output clamp diodes for inductive fly back protection 

NPN inputs for minimal input currents (1 nA typical) 

Low operating power 

Standard 5V power supply 

Power up/down protection 

Fail safe operation 

2W power package 

Pin-for-pin compatible with SN75437 


Connection Diagram Truth Table 

Dual-ln-Line Package 

IN A IN B EN GND GND Vcc IN C IN D 



IN 

EN 

OUT 

H 

H 

L 

L 

H 

Z 

H 

L 

Z 

L 

L 

z 


H = High state 

L = Low state 

Z = High impedance state 


Order Number DS3658N 
See NS Package N16A 
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DS3658 


Absolute Maximum Ratings (Note i> Operating Conditions 


Supply Voltage 

7.0V 

Supply Voltage 

Min 

4.75 

Max 

5.25 

Units 

V 

InputVoltage 

15V 

-7 n\ / 

Ambient Temperature 

0 

70 

°C 


Output Voltage 70V 

Output Current 1.5A 

Continuous Power Dissipation 


@ 25°CFree-Air(Note5) 2075mW 

Storage Temperature Range , -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

Input High Voltage 


2.0 



V 

V| L 

Input Low Voltage 




0.8 

V 

— 

Input High Current 

V, N = 5.25V, V CC = 5.25V 


1.0 

10 

fA 

EBB 

Input Low Current 

Yin = 0.4V 



±10 

fA 

V| K 

Input Clamp Voltage 

li= -12 mA 


-0.8 

-1.5 

V 

V OL 

Output Low Voltage 

l|_ = 300 mA 


0.2 

0.4 

V 

1 1 _ = 600 mA (Note 4) 

> 

0.35 

0.7 

V 

IcEX 

Output Leakage Current 

V CE = 70V, V, N = 0.8V 



100 

mA 

V F 

Diode Forward Voltage 

l F = 800 mA 


1.0 

1.6 

V 

EH 

Diode Leakage Current 

V r = 70V 



100 

A A 

S 

Supply Current 

■ 

All Inputs High 


50 

65 

mA 

All Inputs Low 


2 

4 

mA 

Switching Characteristics (Note 2 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tHL 

Turn On Delay 

R l = 600,V l =30V 


226. 

500 

ns 

t L H 

Turn Off Delay 

R l = 600, V L = 30V 


2430 

8000 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across theO°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T^ = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced toground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall 
within specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @70°C @ the rate of 16.6 mW/'C. 
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DS3668 


National 

Semiconductor 


DS3668 Quad Fault Protected 

General Description 

The DS3668 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. Unlike most peripheral drivers available, a unique 
fault protection circuit is incorporated on each output. When 
the load current exceeds 1.0 A (approximately) on any out- 
put for more than a built-in delay time, nominally 25 /j.s, that 
output will be shut off by its protection circuitry with no effect 
on other outputs. This condition will prevail until that protec- 
tion circuitry is reset by toggling the corresponding input or 
the enable pin low for at least 0.5 jxs. The 25 fis built-in 
delay is provided to ensure that the protection circuitry is not 
triggered by turn-on surge currents associated with certain 
kinds of loads. 

The DS3668’s inputs combine TTL compatibility with high 
input impedance. In fact, its extreme low input current al- 
lows it to be driven directly by a MOS device. The outputs 
are capable of sinking 600 mA each and offer a 70V break- 
down. However, for inductive loads the output should be 
clamped to 35V or less to avoid latch up during turn off 
(inductive fly-back protection — refer AN-213). An on-chip 
clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3668 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 

Connection Diagram* 

Dual-In-Line Package 


IN A IN 8 EN GND GND Vcc INC IN 0 



TL/F/5225-1 

• See Page 3 for the detail of output protection. 


Peripheral/Power Drivers 

PRELIMINARY 


Peripheral Driver 

Applications 

■ Relay drivers 

■ Solenoid drivers - 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 

■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Output fault protection 

■ High impedance TTL compatible inputs 

■ High output current — 600 mA per output 

■ No output latch-up at 35V 

■ Low output ON voltage (550 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly-back protection 

■ NPN inputs for minimal input currents (1 jxA typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ Fail-safe operation 

■ 2W power package 

■ Pin-for-pin compatible with SN75437 


Truth Table 


IN 

EN 

OUT 

H 

H 

L 

L 

H 

Z 

H 

L 

Z 

L 

L 

z 


H = High state 
l=low state 
Z = High impedance state 


Order Number DS3668N 
See NS Package N16A 
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Absolute Maximum Ratings (Note i> 

Supply Voltage 7.0V 

Input Voltage 15V 

Output Voltage 70V 

Continuous Power Dissipation 
@25' , C Free-Air (Note 5) 2075 mW 

Storage Temperature Range -65' 1 C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

Min Max 

Supply Voltage 4.75 5.25 

Ambient Temperature 0 70 


Electrical Characteristics (Notes 2 and 3) 


Conditions 


Symbol 

Parameter 

V|H 

Input High Voltage 

V|L 

Input Low Voltage 

IlH 

Input High Current 

l|L 

Input Low Current 

V|K 

Input Clamp Voltage 

VoL 

Output Low Voltage 

*CEX 

Output Leakage Current 

v F 

Diode Forward Voltage 

Ir 

Diode Leakage Current 

icc 

Supply Current 

Ith 

Protection Circuit 
Threshold Current 



V| N - 5.25V, V C c = 5.25V 


V| N = 0.4V 


= -12 mA 


I|_= 300 mA 


Il = 600 mA (Note 4) 


V C e = 70V, V||s| = 0.8V 


lp = 800 mA 


Vr = 70V 


All Inputs High 


All Inputs Low 


Switching Characteristics (Note 2) 


Conditions 


R l = 60ft, V L = 30V 


R L = 60ft,V L = 30V 


Symbol 

Parameter 

»HL 

Turn On Delay 

tLH 

Turn Off Delay 

tFZ 

Protection Enable Delay 
(after Detection 6f fault) 

tRL 

Input Low Time For 
Protection Circuit Reset 



Note 1: "Absoluts Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for Ta = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall 
within specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C ® the rate of 16.6 mW/°C. 
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AC Test Circuit Switching Waveforms 


Vcc 30V 



•Includes probe and jig capacitance 

Typical Application 


Stepping Motor Driver 



'Ll , L2, L3, L4 are the windings of a bifilar stepping motor. 
’’Vmotor is the supply voltage of the motor. 

Protection Circuit Block Diagram 



TL/F/5225-5 
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National 

Semiconductor 


Peripheral/Power Drivers 

PRELIMINARY 


DS3669 Quad High Current Peripheral Driver 


General Description 

The DS3669 is a non-inverting quad peripheral driver 
similar to the DS3658. These drivers are designed for 
those applications where low operating power, high 
breakdown voltage, high output current and low output 
ON voltage are required. A unique input circuit combines 
TTL compatibility with high impedance. In fact, its ex- 
treme low input current allows it to be driven directly by a 
CMOS device. 

The outputs are capable of sinking 600 mA each and offer 
a 70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection— refer AN-213). An 
on-chip clamp diode capable of handling 800 mA is pro- 
vided at each output for this purpose. In addition, the 
DS3669 incorporates circuitry that guarantees glitch-free 
power up or down operation. 

The molded package is specifically constructed to allow 
increased power dissipation over conventional packages. 
The four ground pins are directly connected to the device 
chip with a special copper lead frame. When the quad 
driver is soldered into a PC board, the power rating of the 
device improves significantly. 


Applications 

■ Relay drivers 

■ Lamp drivers 

■ Solenoid drivers 

■ Hammer drivers 


■ Stepping motor drivers 

■ Triac drivers 

■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Single saturated transistor outputs 

■ Low standby power, 10 mW typical 

■ High impedance TTL compatible inputs 

■ Outputs may be tied together for increased current 
capacity 

■ High output current 

600 mA per output 
2.4A per package 

■ No output latch-up at 35V 

■ Low output ON voltage (350 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly back protection 

■ NPN inputs for minimal input currents (1 ^A typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ 2W power package 


Connection Diagram Truth Table 


Dual-ln-Line Package 

IN A IN B EN GN0 GND Vcc IN C IN 0 



OUT A CLAMP 1 OUT B GND GN0 0UTC CLAMP 2 0UT0 


TOP VIEW 

Order Number DS3669N 
See NS Package N16A 
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DS3669 


Absolute Maximum Ratings (Note d 


Supply Voltage 7.0V 

Input Voltage 15V 

Output Voltage 70V 

Output Current 1.5A 

Continuous Power Dissipation 
@ 25 °C Free-Air (Note 5) 2075mW 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

Min Max 

Supply Voltage 4.75 5.25 

Ambient Temperature 0 70 


Units 

V 

°C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


2.0 



V 

V,L 

Input Low Voltage 




0.8 

V 

IlH 

Input High Current 

• V, N = 5.25V, V cc = 5.25V 


1.0 

10 

/iA 

IlL 

Input Low Current 

V (N = 0.4V 



±10 

/*A 

V,K 

Input Clamp Voltage 

l,= -12 mA 


-0.8 

-1.5 

V 

VOL 

Output Low Voltage 

li_ = 300 mA 


0.2 

0.4 

V 



l|_ = 600 mA (Note 4) 


0.35 

0.7 

V 

■cEX 

Output Leakage Current 

V C e = 70V, V)n = 2V, 
V EN = 0.8V 



100 

fiA 

V F 

Diode Forward Voltage 

If = 800 mA 


1.0 

1.6 

V 

mam 

Diode Leakage Current 

V R = 70V 



100 

/iA 

B 

Supply Current 

All Inputs Low 
EN = 2.0V 


50 

65 

mA 

HKRi 


All Inputs High 


2 

4 

mA 


Switching Characteristics (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

l HL 

Turn On Delay 

R L = 60n, V L = 30V 


226 

500 

ns 

t L H 

Turn Off Delay 

R L = 60n, V l = 30V 

i 


8000 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, minfmax limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T/\ = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall 
within specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-alr temperature, derate linearly to 1328 mW @70°C @ the rate of 16.6 mW/°C. 
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AC Test Circuit 


Switching Waveforms 


Vcc 30V 



Includes probe and jig capacitance 


Typical Applications 


Stepping Motor Driver 


INPUT 

0V 

30V- 

OUTPUT 

Vol- 


jF 


IPLH 


\-io% 

IPHLr* - 


Lamp Driver 



* LI, L 2, L3, L4 are the windings of a blfilar stepping motor. 
* * VmotOR is ,he suPP'y of IPs motor. 
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National 

£A Semiconductor 


Peripheral/ Power Drivers 


DS3680 Quad Negative Voltage Relay Driver 



General Description 

The DS3680 is a quad high voltage negative relay driver 
designed to operate over wide ranges of supply voltage, 
common-mode voltage, and ambient temperature, with 
50 mA sink capability. These drivers are intended for 
switching the ground end of loads which are directly con- 
nected to the negative supply, such as in telephone relay 
systems. 

Since there may be considerable noise and IR drop be- 
tween logic ground and negative supply ground in many 
applications, these drivers are designed to operate with a 
high common-mode range (±20V referenced to negative 
supply ground). Each driver has a common-mode range 
separate from the other drivers in the package, which per- 
mits input signals from more than one element of the 
system. 

With low differential input current requirements (typically 
100 /tA), these drivers are compatible with TTL, LS and 
CMOS logic. Differential inputs permit either inverting or 
non-inverting operation. 


The driver outputs incorporate transient suppression 
clamp networks, which eliminate the need for external 
networks when used in applications of switching induc- 
tive loads. A fail-safe feature is incorporated to insure 
that, if the V 0N input or both Inputs are open, the driver will 
be OFF. 


Features 

■ - 10V to - 60 V operation 

■ Quad 50 mA sink capability 

■ TTL/LS/CMOS or voltage comparator input 

■ High input common-mode voltage range 

■ Very low input current 

■ Fail-safe disconnect feature 

■ Built-in output clamp diode 


Connection Diagram Logic Diagram 


Dual-ln-Line Package 



Order Number DS3680J or DS3680N 
See NS Package J14A or N14A 






Absolute Maximum Ratings (Note i) Recommended Operating Conditions 





Min 

Max 

Units 

Supply Voltage: GNDtoV EE ~, and Any Pin 

-70V 

Supply Voltage: GND to V EE ~ 

-10 

-60 

V 

Positive Input Voltage: Input to GND 

20V 

Input Voltage: Input to GND 

-20 

20 

V 

Negative Input Voltage: Input to V EE ~ 
Differential Input Voltage: V 0 n to V 0FF 

-5 V 
±20 V 

Logic ON Voltage: V 0 n 
R eferenced to V 0FF 

2 

20 

V 

Inductive Load 

L L <5h 

l|_^50mA 

Logic OFF Voltage: V 0 n 
R eferenced to Vqff 

-20 

0.8 

V 

Output Current 

-100 mA 

Temperature Range 

-25 

85 

°c 


Storage Temperature -65°Cto +150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Package 1 398 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Derate cavity package 9.6 mW/'C above 25*C; derate molded package 
11.2 mW/’C above 25*C. 


Electrical Characteristics (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V IH 

Logic “1" Input Voltage 


2.0 



V 

V,L 

Logic ‘'0" Input Voltage 




0.8 

V 

•iNH 

Logic “1” Input Current 

V| N = 2V 



100 

fiA 



Vin = ?V 



1000 

„A 

•iNL 

Logic “0” Input Current 

V, n = 0.4V 



-5 

fA 



V, N = — 7V 


-1 

-100 

li A 

V 0L 

Output ON Voltage 

I O l=50 mA 


-1.6 

-2.1 

V 

•off 

Output Leakage 

Vout=V ee " 


-2 

-100 

fA 

•fs 

Fail-Safe Output Leakage 

V OUT= V EE~ 

(Inputs Open) 


-2 

-100 

nA 

•lc 

Output Clamp Leakage Current 

Vout = GND 


2 

100 

mA 

Vc 

Output Clamp Voltage 

•ciamp= -50 mA 
Referenced to V EE _ 


-2 

-1.2 

V 

Vp 

Positive Output Clamp Voltage 

•clamp = 50 mA 
Referenced to GND 


0.9 

1.2 

V 

•eE(ON) 

ON Supply Current 

All Drivers ON 


-2 

MM 

mA 

-•eE(OFF) 

OFF Supply Current 

All Drivers OFF 


-1 


,iA 

tpD(ON) 

Propagation Delay to Driver ON 

L = 1h, R L =1k, 
V, n = 3V Pulse 


1 

H 

MS 

•PD(OFF) 

Propagation Delay to Driver OFF 

L = 1h, R L = Ik, 
V, n = 3V Pulse 


1 

B 

MS 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range’’, 
they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, the min/max limits of the table of “Electrical Characteristics” apply within the range of the table of “Operating Conditions”. 
All typical values are given for V EE ~ = 52V, and T^ = 25°C. 

Note 3: All current Into device pins shown as positive, out of the device as negative. All voltages are referenced to ground unless otherwise noted. 
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National 

Semiconductor 


Peripheral/Power Drivers 


DS3686 Dual Positive Voltage Relay Driver 


General Description 


The DS3686 is a high voltage/current positive voltage 
relay driver having many features not available in present 
relay drivers. 

PNP inputs provide both TTL/LS compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out- 
put voltage of 54V. Minimum output breakdown (ac/ 
latch breakdown) is specified over temperature at 5 rnA. 
This clearly defines the actual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF" by input logic conditions the resulting 
inductive voltage transient seen at the output is detected 
by an internal zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy is discharged. This feature 
eliminates the need of external circuit protection com- 
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 
allow high current operation at low internal Vcc 


current levels— base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical Vqq power with both 
outputs "ON" is 90 mW. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 
high impedance "OFF" state with the same breakdown 
levels as when Vcc was applied. 


Features 

■ TTL/LS/CMOS compatible inputs 

■ High impedance inputs (PNP's) 

■ High output voltage breakdown (65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode 

■ Output breakdown protection if Vqq supply is lost 

■ Low Vcc Power dissipation (90 mW (typ) both 
outputs "ON") 

■ Voltage and current levels compatible for use in 
telephone relay applications 
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Absolute Maximum Ratings <Notei> 

Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage, Vqc 4.75 

5.25 

V 

Input Voltage 

15V 

Temperature, T A 0 

+70 

°C 

Output Voltage 

56V 



Storage Temperature Range 
Maximum Power Dissipation* at 25 C 

-65° C to +150°C 




Cavity Package 

1133 mW 




Molded Package 

1022 mW 




TO-5 Package 

787 mW 




Lead Temperature (Soldering, 10 seconds) 

300° C 




•Derate cavity package 7.6 mW/°C above 25°C; derate molded 
package 8.2 mW/ C above 25 C; derate TO-5 package 5.2 mW/ 




®C above 25 C. 





Electrical Characteristics 

(Notes 2 and 3) 





PARAMETER 

CONDITIONS 

V |H 

Logical "1" Input Voltage 

RL = 180^, V L = 54V, Vo ^ 2.5V 

1 1 H 

Logical "1" Input Current 

Vqc = Max, V|N = 5.5V 

V IL 

Logical "0" Input Voltage 

R L = 1 800, Vl = 54 V, Vo ^ 53.8V 

1 1 L 

Logical "0" Input Current 

Vcc = Max, V|N = 0.4V 

VCD 

Input Clamp Voltage 

VCC = 5V, ICLAMP = -12 mA, T A = 25°C 

VOH 

Output Breakdown 

Vcc = Max, V||\) = 0V, l0UT = 5 mA 

lOH 

Output Leakage 

Vqc = Max, V|N = 0.4V, VquT = 54 V 

VOL 

Output ON Voltage 

VCC = Min ' DS36S6 'OL- >00mA 
V| N = 2.4V Iol = 300 mA 

ICC(1) 

Supply Current (Both Drivers) 

Vcc = Max, V|N = 0V, Outputs Open 

'CC(O) 

Supply Current (Both Drivers) 

Vcc = Max, V||\j = 3V, Outputs Open 

tPDO 

Propagation Delay to a Logical "0" 

Cl= 15 pF, Vl= 10V, R L = 50S7, 


(Output Turn ON) 

T A = 25°C, V C C = 5V 

tPDI 

Propagation Delay to a Logical "1" 

Cl= 15 pF, V L = 10V, Rl=50^, 


(Output Turn OFF) 

T A = 25° C, V C C = 5V 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0 C to +70 C range for the DS3686. All typicals are given for = 5V and 
T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 



Note 1 : Tf(e pulse generator has the following characteristics: 
PRR = 100 kHz, 50% duty cycle, ZquT - 50^. t r = tf < 10 ns. 
Note 2: C(_ includes probe and jig capacitance. 
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TO National Peripheral/ 

Semiconductor 

DS1687/DS3687 Negative Voltage Relay Driver 

General Description 


Peripheral/Power Drivers 


The DS1687/DS3687 is a high voltage/current negative 
voltage relay driver having many features not available 
in present relay drivers. 

PNP inputs provide both TTL/LS compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out- 
put voltage of -54V. Minimum output breakdown (ac / 
latch breakdown) is specified over temperature at -5 m A. 
This clearly defines the actual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF" by input logic conditions the resulting 
inductive voltage transient seen at the output is detected 
by an internal zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy is discharged. This feature 
eliminates the need of external circuit protection com- 
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 


Connection Diagrams 

Metal Can Package 
v cc 



Pin 4 is in electrical contact with the case 

Order Number DS1687H 
or DS3687H 
See NS Package H08C 

Schematic Diagram 



allow high current operation at low internal V cc 
current levels— base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical Vcc power with both 
outputs "ON" is 90 mW. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 
high impedance "OFF" state with the same breakdown 
levels as when Vcc was applied. 

Features 

■ TTL/LS/CMOS compatible inputs 

■ High impedance inputs (PNP's) 

■ High output voltage breakdown (-65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode 

■ Output breakdown protection if Vcc supply is lost 

■ Low Vcc power dissipation (90 mW (typ) both 
outputs "ON") 

■ Voltage and current levels compatible for use in 
telephone relay applications 


Dual-In-Line Package 
Vcc HZ AZ X! 



At B1 Xt GND 

TOP VIEW 


Order Number DS1687J-8, 
DS3687J-8 or DS3687N 
See NS Package J08A or N08A 

Truth Table 


Positive logic: AB = X 


A 

B 

OUTPUT X 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


Logic "0" output "ON" 
Logic "1" output "OFF' 


DS1687/DS3687 





DS1687/DS3687 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 56V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1 1 33 mW 

Molded Package 1022 mW 

TO-5 Package 787 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

Electrical Characteristics (Notes 2 and 3) 


Supply Voltage, Vcc 

DS1687 4.5 5.5 V 

DS3687 4.75 5.25 V 

Temperature, Ta 

DS1687 -55 +125 °C 

DS3687 0 +70 °C 

•Derate cavity package 7.6 mW/°C above 25°C; derate molded 
package 8.2 mW/ C above 25 C; derate TO-5 package 5.2 mW / 
°C above 25°C. 


PARAMETER 

V|H 

Logical '1 " Input Voltage 

l|H 

Logical "1" Input Current 

V|L 

Logical "0" Input Voltage 

l|L 

Logical "0" Input Current 

VCD 

Input Clamp Voltage 

VOH 

Output Breakdown 

'OH 

Output Leakage 

VOL 

Output ON Voltage 

ICC(1) 

Supply Current (Both Drivers) 

'CC(O) 

Supply Current (Both Drivers) 

tPD(ON) 

Propagation Delay to a Logical "0" 
(Output Turn ON) 

tpD(OFF) Propagation Delay to a Logical 
(Output Turn OFF) 


CONDITIONS 



Vcc = Wax, V|N = 0.4V 


Vcc = 5V, IcLAMP = -12 mA, Ta= 25°C 


VcC = Wax, V|N = 0V, IQLIT = -5 mA 


Vcc = Wax, V|N = 0V, VquT = —54V 


lOL = -100 mA 

DS1687 ~^= 

VcC = Win, IOL = _ 300 mA 

V|N = 2V Iol= -100 mA 

DS3687 

Iql = -300 mA 


Vcc = Wax, V|N = 0V, Outputs Open 


Vcc = Wax, V|f\| = 3V, Outputs Open 


C(_ = 15 pF, V|_ = —10V, R L = 50fi, 
T A = 25°C, Vcc = 5V 


Cl= 15 pF, V|_ = — 10V, R|_ = 50J2, 
T A = 25° C, V C C= 5V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1687 and across the 0°Cto 
+70°C range for the DS3687. All typicals are given for Vcc = 5V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 


V CC -5V V L = -10V 



Note 1 : The pulse generator has the following characteristics: 
PRR = 1 MHz, 50% duty cycle, ZquT — 500, t r = tf < 10 ns. 
Note 2: C|_ includes probe and jig capacitance. 
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Semiconductor 


Peripheral/Power Drivers 


DS55450/DS75450 Series Dual Peripheral Drivers 


General Description 

The DS55450/DS75450 series of dual peripheral drivers 
are a family of versatile devices designed for use in 
systems that use TTL logic. Typical applications include 
high speed logic buffers, power drivers, relay drivers, 
lamp drivers, MOS drivers, bus drivers and memory 
drivers. 

The DS75450 is a general purpose device featuring two 
standard Series 54/74 TTL gates and two uncommitted, 
high current, high voltage NPN transistors. The device 
offers the system designer the flexibility of tailoring the 
circuit to the application. 

The DS55451/DS75451 , DS55452/DS75452, DS55453/ 
DS75453 and DS55454/DS75454 are dual peripheral 


AND, NAND, OR and NOR drivers, respectively, (posi- 
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 

Features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 20V 

■ High speed switching 

■ Choice of logic function 

■ TTL compatible diode-clamped inputs 

■ Standard supply voltages 

■ Replaces Tl "A" and "B" series 



Order Number Order Number Order Number 

DS55451 H or DS75451 H DS55452H or DS75452H DS55453H or DS75453H 

See NS Package H08C 
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Absolute Maximum Ratings (Noten 


Supply Voltage, (V cc ) (Note 2) 7.0V 

Input Voltage 5.5V 

Inter-emitter Voltage (Note 3) 5.5V 

Vcc-to-Substrate Voltage 

DS75450 35V 

Collector-to-Substrate Voltage 

DS75450 35V 

Collector-Base Voltage 

DS75450 35V 

Collector-Emitter Voltage (Note 4) 

DS75450 30V 

Emitter-Base Voltage 

DS75450 5.0V 

Output Voltage (Note 5) 

DS55451 /DS7545 1 , DS55452/DS75452, 30V 

DS55453/DS75453, DS55454/DS75454 
Collector Current (Note 6) 

DS75450 300 mA 

Output Current (Note 6) 

DS55451 /DS75451 , DS55452/DS75452, 300 mA 

DS55453/DS75453, DS55454/DS75454 
DS75450 Maximum Power Dissipation* at 25 C 
Cavity Package 1303 mW 

Molded Package 1207 mW 

DS75451 /2/3/4 Maximum Power Dissipation t at 25°C 
Cavity Package 1090 mW 

Molded Package 957 mW 

TO-5 Package 760 mW 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 260° C 


Operating Conditions (Note 7) 



MIN 

MAX 

UNITS 

Supply Voltage ,(Vcc> 

DS5545X 

4.5 

5.5 

V 

DS7545X 

4.75 

5.25 

V 

Temperature, (T^) 
DS5545X 

-55 

+125 

°c 

DS7545X 

0 

+70 

°c 


‘Derate cavity package 8.7 mW/°C above 25°C; derate molded 
package 9.7 mW/°C above 25°C. 

t Derate cavity package 7.3 mW/°C above 25°C; derate molded 
package 7.7 mW / C above 25 C; derate TO-5 package 5.1 mW/ 
°C above 25°C. 


Electrical Characteristics DS75450 (Notes 8 and 9) 


CONDITIONS 


MIN TYP MAX UNITS 


TTL GATES 


V| H High Level Input Voltage 

( Figure 1) 

2 

V| L Low Level Input Voltage 

(Figure 2) 


Input Clamp Voltage 

V cc = Min, l| =-12mA, ( Figure 3) 


V OH High Level Output Voltage 

V cc = Min, V | l = 0.8V, l OH = ~400pA, (Figure 2) 

ML 

V OL Low Level Output Voltage 

V cc = Min, V| H = 2V, ! 0 l “ mA ( Figure 1) 


li Input Current at Maximum Input 

Voltage 

V cc = Max, V| = 5.5V, (Figure 4) 

Input A 


Input G 


li H High Level Input Current 

V cc = Max, V, = 2.4V, (Figure 4) 

Input A 


Input G 


1 il Low Level Input Current 

V cc = Max, V| = 0.4V, (Figure 3) 

Input A 


Input G 


l os Short Circuit Output Current 

V cc = Max, (Figure 5), (Note 10) 

-18 

l CCH Supply Current 

V C c = Max, V, = 0V, Outputs High, (Figure 6) 


I C cl Supply Current 

V C c = Max, V, = 5V, Outputs Low, ( Figure 6) 



OUTPUT TRANSISTORS 


V(br)cbo Collector-Base Breakdown Voltage 

l c = lOOpA, l E = 0 

35 

V( B r)cer Collector-Emitter Breakdown 
Voltage 

l c = lOOpA, R be = 50017 

30 

V(br )E bo Emitter-Base Breakdown Voltage 

l E = lOOpA, l c = 0 

5 

h FE Static Forward Current Transfer 

Ratio 

V CE = 3V, (Note 11) 


l c = 100 mA 

mn 

l c = 300 mA 


QQQH 

l c = 100 mA 


l c = 300 mA 

mm 

V BE Base-Emitter Voltage 

(Note 11) 

l B = 10 mA, l c = 100 mA 


l B = 30 mA, l c = 300 mA 


Vce(sat) Collector-Emitter Saturation 
Voltage 

(Note 11) 

l B = 10 mA, l c = 100 mA 


1 B = 30 m A, l c = 300 m A 





V 

V 

V 

V 

V 



MA 
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Electrical Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V 1H 

High-Level Input Voltage 

(Figure 7) 

2 



V 

V, L 

Low-Level Input Voltage 



B9 

V 

V, 

Input Clamp Voltage 

V C c = M'm, 

1, =-12 mA 





-1.5 

V 

Vql 

Low-Level Output Voltage 



Iql ~ 1 00 m A 

DS55451 , DS55453 




V 




V|[_ = 0.8V 

DS75451, DS75453 



mm 

mm 




l OL = 300 mA 

DS55451, DS55453 



0.8 

n 



V cc = Min, 


DS75451 , DS75453 



mm 

V 



(Figure 7) 


Iql = 100 mA 

DS55452, DS55454 


mm 


warn 




V,h =2V 

DS75452, DS75454 








Iql = 300 mA 

DS55452, DS55454 




mm. 





DS75452, DS75454 



mm 

V 


1 oh High-Level Output Current 

V C c = Min, 
( Figure 7) 

V OH =30V 

> 

CM 

I 

> 

DS55451 , DS55453 



DS75451 , DS75453 



V| L = 0.8V 

DS55452, DS55454 



DS75452, DS75454 



1, Input Current at Maximum Input Voltage 

V cc = Max, V, = 5.5V, (Figured 



l, H High-Level Input Current 

V C c = Max, V, = 2.4V, (Figure 9) 



li L Low-Level Input Current 

V cc ~ Max, V, = 0.4V, (Figure 8) 

1 

-1 

1 C ch Supply Current, Outputs High 

V C c = Max, 
( Figure 10) 

| V, = 5V 

DS55451/DS75451 


7 

< 

o 

< 

DS55452/DS75452 


m 

1 v, = 5V 

DS55453/DS75453 


8 

< 

O 

< 

DS55454/DS75454 


mn 

l CCL Supply Current, Outputs Low 

V cc = Max, 

(Figure 10) 

> 

o 

II 

> 

DS55451 /DS75451 


52 

> 

> 

DS55452/DS75452 


m 

< 

II 

o 

< 

DS55453/DS75453 


E3 

> 

II 

> 

DS55454/DS75454 


61 



40 
- 1 .6 






mA 


AA 

mA 


mA 


mA 


mA 


mA 


Switching Characteristics 

DS75450 (V cc = 5V, T A = 25°C) 


PARAMETER 

CONDITIONS | 

MIN 

Up , 


UNITS 

IPLH 

Propagation Delay Time, 


R l = 400L2, TTL Gates, (Figure 12) 


12 

22 

ns 


Low-To-High Level Output 

| 

R l = 50L2, l c *= 200 mA, Gates and Transistors 
Combined, (Figure 14) 


20 

30 

ns 

Iph L 

Propagation Delay Time, 


R L = 400L2, TTL Gates, ( Figure 12) 


8 

mm 

ns 


High-To-Low Level Output 


R L = 50L2, l c a* 200 mA, Gates and Transistors 
Combined, (Figure 14) 


20 

30 

ns 

Itlh 

Transition Time, Low-To-High 
Level Output 

C L = 15pF, R L = 50f2, l c 200 mA, Gates and Transistors Combined, 
(Figure 14) 


7 

12 

ns 

iTH L 

Transition Time, High-To-Low 
Level Output 

C L = 15pF, R l = 50£2, l c sr 200 mA, Gates and Transistors Combined, 
(Figure 14) 


9 

15 

ns 

Vqh 

High-Level Output Voltage After 
Switching 

V s = 20 V, l c 300 mA, R aE = 500S7, ( Figure 15) 

V s -6.5 



mV 

m 

Delay Time 

lc = 200 mA, 1 b(d = 20 mA, 1 g = ~40 mA, V be(off) =— IV, 
C L = 15 pF, R l = 50^, ( Figure 13), (Note 12) 


8 

15 

ns 

1r 

Rise Time 

|q = 200 mA, lg(i) = 20 mA, Iq = *"40 mA, Vbe(off) = — 1 V, 
C L = 15 pF, R l - 50ft, (Figure 13), (Note 12} 


12 

20 

ns 

*s 

Storage Time 

lc = 200 mA, IgjD = 20 m A, 1 b = ~ 40 mA, Vbe(off) = — IV, 
C L - 15 pF, R l = 50ft, (Figure 13), (Note 12) 


7 

15 

ns 

tp 

Fall Time 

1 £ = 200 m A, 1 g(D = 20 m A, 1 b = — 40 mA, ^be(off) = — IV, 
C L = 15 pF, R l = 50ft,* (Figure 13), (Note 12) 


6 

15 

ns 
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DS55450/DS75450 Series 


Switching Characteristics (Continued) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (V cc = 5V, T A = 25°C) 


PARAMETER 

Vlh 

Propagation Delay Time, Low-To-High 
Level Output 

*PHL 

Propagation Delay Time, High-To-Low 
Level Output 

l TLH 

Transition Time, Low-To-High Level 
Output 

'thu 

Transition Time, High-To-Low Level 
Output 

I 

o 

> 

High-Level Output Voltage After 
Switching 


MAX UNITS 



CONDITIONS 


DS55451/DS75451 


DS55452/DS75452 


DS55453/DS75453 


DS554 54/DS75454 


DS55451/DS75451 
C L = 15 pF, R l = 50ft, DS55452/DS75452 

l Q * 200 mA, (Figure 14) ' DS55453/DS75453 

DS55454/DS75454 


C L = 1 5 pF, R L =50ft, l 0 « 200 mA, (Figure 14) 


C L = 15 pF, R L = 50Q, l 0 = 200 mA, (Figure 14) 


V s = 20V, l 0 = 300 mA, (Figure 15) 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: The voltage between two emitters of a multiple-emitter transistor. 

Note 4: Value applies when the base-emitter resistance (Rre) ' s equal to or less than 500ft. 

Note 5: The maximum voltage which should be applied to any output when it is in the "OFF” state. 

Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time, 

interval must fall within the continuous dissipation rating. 

Note 7: For the DS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operation. 

Note 8: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS55450 series and across the 

0°C to +70°C range for the DS75450 series. All typicals are given for Vqq = +5V and T A = 25°C. 

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 10; Only one output at a time should be shorted. ' 

Note 11: These parameters must be measured using pulse techniques, tyy = 300jus, duty cycle < 2%. 

Note 12: Applies to output transistors only. 



Schematic Diagrams 


DS55451/DS75451 



Resistor values shown art nominal. 


Resistor values shown are nominal. 
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Schematic Diagrams (Continued) 


DS55453/DS75453 DS55454/DS75454 



Truth Tables (H = high level, L = low level) 


DS55451/DS75451 DS55452/DS75452 



DC Test Circuits 



Etdi input ii tested separately. Each sate it testid separately. Both gates aft testad simultaneously 


FIGURE 4. I|,I|H FIGURES. l os FIGURE 6. IcCH- >CCL 
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DC Test Circuits (Continued) 


CIRCUIT 

INPUT 

OTHER 

OUTPUT 

UNDER 

TEST 

INPUT 

APPLY 

MEASURE 

DS54451 

V,H 

V,H 

V 0 H 

•oH 


V, L 

V cc 

U)L 

V 0 L 

DS54452 

V,H 

V,H 

J OL 

V 0 L 


V,L 

V C c 

Vqm 

•oh 

DS54453 

V|H 

Gnd 

VoH 

•oh 


V,L 

VlL 

joL 

V 0 L 

DS54454 

V, H 

Gnd 

*OL 

VoL 


V, L 

V,l 

V 0 H 

•oh 



FIGURE 7. V 1H ,V 1L , I OH ,Vol 



Both gates are tested simultaneously. Both gates are tested simultaneously. 


FIGURE 10. IcCH. *CCL t° r AND, NAND Circuits FIGURE 11. lcCH> ICCL f° r OR. NOR Circuits 

AC Test Circuits and Switching Time Waveforms 



Note 1 : The pulse generator has the following characteristics: PRR * 1 MHz, Z Q ut * 5012. 
Note 2: C L include probe and jig capacitance. 


FIGURE 12. Propagation Delay Times, Each Gate (DS75450 Only) 



Note 1 : The pulse generator has the following characteristics: duty cycle < 1%, Z OUT % 50ft. 
Note 2: C L includes probe and jig capacitance. 


FIGURE 13. Switching Times, Each Transistor (DS75450 Only) 
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AC Test Circuits and Switching Time Waveforms (Continued) 



Not* 1: The pulse generator has the following characters 
PRR- 1.0 MHz. Z 0UT * 5012. 

Note 2: C L includes probe and jig capacitance. 

Note 3: When testing DS75450, connect output Y to 
transistor base and ground the substrate terminal. 


INPUT \ 
DS75450 i 5V - 
DS55451 
DS55453 


< 5.0 ns 

— 

— j SlOm 



/ 90% 


i 

M.5V 

^[-10% 





[— — s so n. — — j 

)— — s 1 e nt 

/m 

m-V 


1.5V 

1.5V J 

\ 



\ 10% , 
tp LH 1 



FIGURE 14. Switching Times of Complete Drivers 


INPUT 2.4V 5V 


input 90% \ 
DS75450 i 5V> 
OS55451 
DS55452 



| DS5M54 t j | A i 


Note 1: The pulse generator has the following characteristics: 
PRR -12.5 kHz. Z 0U T 3 5012. 

Note 2; When testing DS75450, connect output Y to transistor 
base with a 50012 resistor from there to ground and ground the 
substrate terminal. 

Note 3: C|_ includes probe and jig capacitance. 


FIGURE 15. Latch-Up Test of Complete Drivers 

Typical Performance Characteristics 



-10 -20 -30 -40 

HIGH-LEVEL OUTPUT CURRENT <mA) 


FIGURE 16. DS75450 TTL Gate High-Level 
Output Voltage vs High-Level Output Current 



10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 


FIGURE 17. DS75450 Transistor Static Forward 
Current Transfer Ratio vs Collector Current 
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DS55450/DS75450 Series 


Typical Performance Characteristics (Continued) 



10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 



10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 


FIGURE 18. DS75450 Transistor Base- 
Emitter Voltage vs Collector Current 


FIGURE 19. Transistor Collector-Emitter 
Saturation Voltage vs Collector Current 


Typical Applications 




12 

11 

■ 


1 

rT 

DS7S 

450 

n 


SUB 

GND 



3 

■ 


mi 

1 


FIGURE 21. 500 mA Sink 



This side can perform the : 


-O OUT OF PHASE OUTPUT 



T 


another function. 


1H 

: 


1 

p 


— 

sES! 


■ 

■ 

10 

B 


mm, 

■ 

i 

D- 1 

D°n 

DS7 

Q. 

5450 

r< 


SUB 

GND 


L_r 

2 


m 


mm 

SB 

■■ 


FIGURE 22. Floating Switch 


FIGURE 23. Square-Wave Generator 
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Typical Applications (Continued) 



line 2 is terminated to +5V through Z 0 /2; 
where Zq is the line impedance. 

FIGURE 27. Balanced Line Driver 





FIGURE 28. Dual Lamp or Relay Driver 



COMPLEMENTARY OUTPUTS FOR: 
GO/NO-GO INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 


FIGURE 29. Complementary Driver 
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DS55461/62/ 63/64, 
DS75461/62/63/64 Series 


2 


National 

Semiconductor 


Peripheral/ Power Drivers 


DS55461/2/3/4, DS75461/2/3/4 Series Dual Peripheral Drivers 


General Description 

The DS55461/2/3/4 series of dual peripheral drivers 
are functionally interchangeable with DS55451/2/3/4 
series peripheral drivers, but are designed for use in 
systems that require higher breakdown voltages at the 
expense of slightly slower switching speeds. Typical 
applications include power drivers, logic buffers, lamp 
drivers, relay drivers, MOS drivers, line drivers and 
memory drivers. 

The DS5546 1 /DS7546 1 , DS55462/DS75462, DS55463/ 
DS75463 and DS55464/DS75464 are dual peripheral 
AND, NAND, OR and NOR drivers, respectively, (posi- 
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 


Features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 30V 

■ Medium speed switching 

■ Circuit flexibility for varied applications and choice 
of logic function 

■ TTL compatible diode-clamped inputs 

■ Standard supply voltages 


Connection Diagrams (Dual-IrvLine and Metal Can Packages) 


V cc B2 A2 Y2 


B2 A2 Y2 

I. 



Order Number DS55461J-8, Order Number DS55462J-8, Order Number DS55463J-8, Order Number DS55464J-8, 
DS75461 J-8 or DS75461 N DS75462J-8 or DS75462N DS75463J-8 or DS75463N DS75464J-8 or DS75464N 

See NS Package J08A or N08A 






Pin 4 is in electrical contact with the cssa. 


Pin 4 is in electrical contact with the case. 


Order Number Order Number Order Number Order Number 

DS55461 H or DS75461 H DS55462H or DS75462H DS55463H or DS75463H DS55464H or DS75464H 


See NS Package H08C 
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Absolute Maximum Ratings (Noteij Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage (Note 2) 

7V 

Supply Voltage (Vqq) 




Input Voltage 

5.5V 

DS5546X 

4.5 

5.5 - 

V 

Inter-emitter Voltage (Note 3) 

5.5V 

DS7546X 

4.75 

5.25 

V 

Output Voltage (Note 4) 

DS5546 1 /DS75461, DS55462/DS75462, 
DS55463/DS75463, DS55464/DS75464 

35V 

Temperature (T /\) 
DS5546X 
DS7546X 

-55 

0 

+ 125 
+70 

o o 


Output Current (Note 5) 


DS55461/DS75461, DS55462/DS75462, 300 mA 

DS55463/DS75463, DS55464/DS75464 
Maximum Power Dissipation* at 25 C 

Cavity Package 1090 mW 

Molded Package 957 mW 

TO-5 Package 760 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 260°C 

'Derate cavity package 7.3 mW/°C above 25°C; derate molded 
package 7.7 mW/ C above 25 C; derate TO-5 package 5.1 mW/ 
°C above 25°C. 


Electrical Characteristics 


DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 6 and 7) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V| H High Level Input Voltage 

(Figure 1! 

2 



V 

V, L Low Level Input Voltage 

( Figure 1) 



0.8 

V 

V, Input Clamp Voltage 



-1.2 

-1.5 

V 

V 0 l Low Level Output Voltage 

V C c = Min, (Figure 1) 

DS55461, V| L = 0.8V 

1 o l = 100 mA 


0.15 

0.5 

V 

l OL = 300 mA 


0.36 

0.8 

V 

DS55462, V,h=2V 

1 o l = 100 mA 


0.16 

0.5 

V 

Iql = 300 mA 


mm i 

0.8 

V 

DS55463, V| L =0.8V 



BBS 

0.5 

V 

l OL = 300 mA 


9 

0.8 

V 

DS55464, V,„=2V 

l OL = 100 mA 


0.17 

0.5 

V 

Iql = 300 mA 


0.38 

0.8 

V 

DS75461, V, l =0.8V 

l OL = 100 mA 


0.15 

0.4 

V 

Iql = 300 mA 


0.36 

0.7 

V 

DS75462, V,„=2V 

l OL = 100 mA 


0.16 

0.4 

V ' 




0.7 

V 

DS75463, V| L =0.8V 

l OL = 100 mA 


0.18 

0.4 

V 

Iql = 300 mA 


0.39 

0.7 

V 

DS75464, V| H =2V 

jbbeeem 


0.17 

0.4 

V 



0.38 

0.7 

V 

l 0H High Level Output Current 

Vqc = Min, Vqh = 
35V, ( Figure 1) 

V ih = 2V 

DS55461 , 
DS55463 



300 

pA 

DS75461, 

DS75463 



100 

pA 

V| L = 0.8V 

DS55462, 

DS55464 



300 

PA 

DS75462, 

DS75464 



100 

PA 

l ( Input Current at Maximum 

Input Voltage 

V cc = Max, V| = 5.5V, (Figure 3) 



■ 

mA 

l IH High Level Input Current 

V C c = Max, V| = 2.4V, (Figure 3) 



40 

pA 

1 1 l Low Level Input Current 

V cc = Max, V, = 0.4V, (Figure 2} 


-1 

-1.6 

mA 

Icch Supply Current 

V cc = Max, Outputs 
High, (Figures 4 and 5) 

V, = 5V 

DS55461/ 
DS75461 , 
DS55463/ 
DS75463 

■ 

B 

11 

mA 

> 

O 

II 

> 

DS55462/ 

DS75462 


13 

17 

mA 

DS55464/ 

DS75464 


14 

19 

mA 


3 
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DS55461/62/ 63/64, 
DS75461/62/ 63/64 Series 


Electrical Characteristics (Continued) 

DS55461 /DS7546 1 , DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 6 and 7) 


CONDITIONS 


CCL 

Supply Current 

V cc = Max, Outputs 

< 

o 

< 



V, = 5V 

Low, ( Figures 4 and 5) 



DS55461/ 

DS75461 


DS55463/ 

DS75463 


DS55462/ 

DS75462 


TYP 

MAX 

61 

76 

63 

76 

65 

76 

72 

85 



Switching Characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 V cc = 5V, T A = 25°C 


Propagation Delay Time, 
Low-To-High Level Output 


Propagation Delay Time, 
High-To-Low Level Output 


Transition Time, Low-To- 
High Level Output 


Transition Time, High-To- 
Low Level Output 


High-Level Output Voltage 
After Switching 


l 0 « 200 mA, C L - 15 pF, R u = 500, 
(Figure 6) 


l 0 * 200 mA, C L = 15 pF, R L = 500, 
(Figure 6) 


l 0 = 200 mA, C L = 15 pF, R L = 500, 
( Figure 6) 


l 0 « 200 mA, C L = 15 pF, R L = 500, 
(Figure 6) 


V s = 30V, l D » 300 mA, (Figure 7) 


DS55461/ 

DS75461, 

DS55463/ 

DS75463 


DS55462/ 

DS75462, 

DS55464/ 
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MIN TYP MAX UNITS 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: This is the voltage between two emitters of a multiple-emitter transistor. 

Note 4: This is the maximum voltage which should be applied to any output when it is in the "OFF" state. 

Note 5: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time 
interval must fall within the continuous dissipation rating. 

Note 6: Unless otherwise specified min/max limits apply across the — 55° C to +125°C temperature range for the DS55XXX series and across the 
0 C to +70 C range for the DS75XXX series. All typicals are given for Vqq = +5V and T A = 25°C. 

Note 7: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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DS55461/62/ 63/64, 
DS75461/62/ 63/64 Series 













DC Test Circuits 


Vcc 



Each input it tested separately. 



Not* 1 : Each input it tested separately. 

Note 2: Whan testing DS55463/DS75463 and DS75464, 
input not under test is grounded. 

For aH other circuits it is at 4.5V. 


FIGURE 2. V|,I| L 


FIGURE 1.V|h.V, L .Ioh.V 0 l 



Both gates art tested simul unto u sty. Both gates are tested simultaneously. 


FIGURE 3. I|, l|H FIGURE 4. lcCH> *CCU f° r FIGURE 5. I(XH< , CCL f° r 

AND, NAND Circuits OR, NOR Circuits 
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Switching Characteristics 


' DS55463 ' GND | SUB 
, 0S 554 64 . 


V4 4 4 4 


Not* 1 : Th* puls* generator has the following characteristics: 
PRR ■ 1 MH*, Zouy^SOn. 

Note 2: C L includes probe and jig capacitance. 


-JL- C u «15pF 
✓*TN (NOTE 2) 


»«-| £5.0 ns 

- 

•4— 

90S 



x 


H.5V 


is*/ 


Oi. 


— £S.O ni — *-j 

— ^10 ns 

/m 

90%J(r 


A 

1.5V J 






l PHL — 


tpLH 



FIGURE 6. Switching Times of Complete Drivers 



OS5H53 1 CN ° | SUB 
□S55454 . 


"T4 4 4 4 


— C L * 15 pF 

^ ^ (NOTE 2) 


Note 1: The pulse generator has the following characteristic: 
PRR * 12-5 kHz, Z 0UT = 50S2. 

Note 2: C L includes probe and jig capacitance. 


FIGURE 7. Latch-Up Test of Complete Drivers 


3-67 


DS55461/62/63/64, 
DS75461/62/63/64 Series 




AN-213 


Safe Operating Areas 
for Peripheral Drivers 


National Semiconductor 
Application Note 213 
Bill Fowler 
October 1978 


Peripheral Drivers is a broad definition given to Interface 
Power devices. The devices generally have open-col- 
lector output transistors that can switch hundreds of 
milliamps at high voltage, and are driven by standard 
Digital Logic gates. They serve many applications such 
as: Relay Drivers, Printer Hammer Drivers, Lamp 
Drivers, Bus Drivers, Core Memory Drivers, Voltage 
Level Transistors, and etc. Most 1C devices have a 
specified maximum load such as one TTL gate can 
drive ten other TTL gates. Peripheral drivers have many 
varied load situations depending on the application, 
and requires the design engineer to interpret the limi- 
tations of the device vs its application. The major 
considerations are Peak Current, Breakdown Voltage, 
and Power Dissipation. 

OUTPUT CURRENT AND VOLTAGE 
CHARACTERISTICS 

Figure 1 shows the circuit of a typical peripheral driver, 
the DS75451. The circuit is equivalent to a TTL Gate 
driving a 300 mA output transistor. Figure 2 shows the 
characteristics of the output transistor when it is ON 
and when it is OFF. The output transistor is capable 
of sinking more than one amp of current when it is ON, 
and is specified at a Vol = 0.7V at 300 mA. The output 
transistor is also specified to operate with voltages up 
to 30V without breaking down, but there is more to 
that as shown by the breakdown voltages labeled BVCES, 
BVCER, and LVCEO. 


Vcc v cc v cc 



FIGURE 1. Typical Peripheral Driver DS75451 

BVCES corresponds to the breakdown voltage when 
the output transistor is held off by the lower output 
transistor of the TTL gate, as would happen if the 
power supply (Vcc) was 5V. BVCER corresponds 
to the breakdown voltage when the output transistor 
is held off by the 500 resistor, as would happen if the 
power supply (Vqc) was off (0V). LVCEO corres- 
ponds to the breakdown voltage of the output tran- 
sistor if it could be measured with the base open. LVCEO 
can be measured by exceeding the breakdown voltage 
BVCES and measuring the voltage at output currents 


of 1 to 10 mA on a transistor curve tracer (LVCEO 
is sometimes measured in an Inductive Latch-Up Test). 
Observe that all breakdown voltages converge on LVCEO 
at high currents, and that destructive secondary break- 
down voltage occurred (shown as dotted line) at high 
currents and high voltage corresponding to exceeding 
the power dissipation of the device. The characteristics 
of secondary breakdown voltage vary with the length 
of time the condition exists, device temperature, voltage, 
and current. 


SU °" T ‘~^~K~ n ~,S 


1 OUTPUT 
SATURATED. 


VflL lv CE0 I BVCES 

bv CER 

FIGURE 2. Output Characteristics ON and OFF 


OUTPUT TRANSFER CHARACTERISTICS VS 
INDUCTIVE AND CAPACITIVE LOADS 

Figure 3 shows the switching transfer characteristics 
superimposed on the DC characteristics of the output 
transistor for an inductive load. Figure 4 shows the 
switching transfer characteristics for a capacitor load. 
In both cases in these examples, the load voltage (Vg) 
exceeds LVCEO. When the output transistor turns 
on with an inductive load the initial current through 
the load is 0 mA, and the transfer curve switches across 
to the left (Vol) anc * slowly charges the inductor. 
When the output transistor turns off with an inductive 
load, the initial current is loL- which is sustained by 
the inductor and the transistor curve switches across 
to the right (Vg) through a high current and high 
voltage area which exceeds LVCEO and instead of 
turning off (shown as dotted line) the device goes into 
secondary breakdown. It is generally not a good practice 
to let the output transistor's voltage exceed LVCEO 
with an inductive load. 

In a similar case with a capacitive load shown in Figure 4, 
the switching transfer characteristics rotate counter 
clockwise through the DC characteristics, unlike the 
inductive load which rotated clockwise. Even though 
the switching transfer curve exceeds LVCEO, it didn't 
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go into secondary breakdown. Therefore, it is an accep- 
table practice to let the output transistor voltage exceed 
LVCEO, but not exceed BVCER with a capacitive load. 



FIGURE 3. Inductive Load Transfer Characteristics 



Figure 6 shows the switching transfer characteristics 
of a capacitive load which leads to secondary break- 
down. This condition occurs due to high sustained cur- 
rents, not breakdown voltage. In this example, the 
large capacitor prevented the output transistor from 
switching fast enough through the high current and 
high voltage region; in turn the power dissipation of 
the device was exceeded and the output transistor 
went into secondary breakdown. 



FIGURE 6. Capacitive Load Transfer Characteristics 

Figure 7 shows another method of quenching the 
inductive voltage spike caused by the initial inductive 
current. This method dampens the switching response 
by the addition of Rq and Cq. The values of Rq and 
Cq are chosen to critically dampen the values of Rl 
and L[_; this will limit the output voltage to 2 x Vb- 


(Rl + Rd) vl l c d 


FIGURE 4. Capacitive Load Transfer Characteristics 

Figure 5 shows an acceptable application with an induc- 
tive load. The load voltage (Vb) is less than LVCEO, 
and the inductive voltage spike caused by the initial 
inductive current is quenched by a diode connected 
to Vb- 




FIGURE 5. Inductive Load Transfer Characteristics 
Clamped by Diode 


FIGURE 7. Inductive Load Dampened by Capacitor 

Figure 8 shows a method of reducing high sustaining 
currents in a capacitive load. Rq in series with the 
capacitor (Cj_) will limit the switching transistor without 
effecting final amplitude of the output voltage, since 
the IR drop across Rq will be zero after the capacitor 
is charged. 

As an additional warning, beware of parasitic reactance. 
If the driver's load is located some distance from the 
driver (as an example: on the inclosure panel or through 
a connecting cable) there will be additional inductive 
and capacitance which may cause ringing on the driver 
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output which will exceed LVCEO or transient current 
that exceeds the sustaining current of the driver. A 
300 mA current through a small inductor can cause 
a good size transient voltage, as compared with a 20 mA 
transient current observed with TTL gates. For no 
other reason than to reduce the noise associated with 
these transients, it is good pracitce to dampen the 
driver's output. 

In conclusion, transient voltage associated with induc- 
tive loads can damage the peripheral driver, and tran- 
sient currents associated with capacitive loads can 
also damage the driver. In some instances the device 
may not exhibit failure with the first switching cycle, 
but its conditions from ON to OFF will worsen after 
many cycles. In some cases the device will recover 
after the power has been turned off, but its long term 
reliability may have been degraded. 

POWER DISSIPATION 

Power Dissipation is. limited by the !C Package Thermal 
Reactance and the external thermal reactance of the 
environment (PC board, heat sink, circulating air, 
etc.). Also, the power dissipation is limited by the 
maximum allowable junction temperature of the device. 
There are two contributions to the power: the internal 


bias currents and voltage of the device, and the power 
on the output of the device due to the Driver Load. 

POWER LIMITATIONS OF PACKAGE 

Figure 9 shows the equivalent circuit of a typical power 
device in its application. Power is shown equivalent to 
electrical current, thermal resistance is shown equivalent 
to electrical resistance, the electrical reactance C and L 
are equivalent to the capacity to store heat, and the 
propagation delay through the medium. There are 
two mediums of heat transfer: conduction through mass 
and radiant convection. Convection is insignificant 
compared with conduction and isn't shown in the 
thermal resistance circuits. From the point power 
is generated (device junction) there are three possible 
paths to the ultimate heat sink: 1. through the device 
leads; 2. through the device surface by mechanical 
connection; and 3. through the device surface to am- 
bient air. In all cases, the thermal paths are like delay 
lines and have a corresponding propagation delay. 
The thermal resistance is proportional to the length 
divided by the cross sectional area of the material. The 
Thermal Inductance is proportional to the length of the 
material (copper, molding compound, etc.) and in- 
versely proportional to the. cross sectional area. The 
thermal capacity is proportional to the volume of the 
material. 


v 6 



FIGURE 8. Capacitive Load with Current Limiting Resistor 
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the line intercepts the diagonal line of the package 
type, and then project a line (shown dotted) hori- 
zontally until the line intercepts the Power Dissipation 
Axis (PmAX)- 


DIE SIZE = 6000 MIL, 


FIGURE 10. Components of Thermal Reactance for a 
Typical 1C Package 


0.4 r P MAX j 




National Semiconductor specifies the thermal resistance 
from device junction through the device leads soldered 
in a small PC board, measure in one cubic foot of still 
air. Figure 11 shows the maximum package power 
rating for an 8 pin Molded, an 8 pin Ceramic, 14 pin 
Molded and a 14 pin Ceramic package. The slope of the 
line corresponds to thermal resistance (0 ja = AP/AT). 


25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 

FIGURE 12. Maximum Package Rating Copper vs Kovar 
Lead Frame Packages 


T COMMERCIAL 
.rf> X -LTEMP RANGE 

I I , 
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1 --TEMP 
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I DIE SIZE = 6000 MIL 
25 50 75 100 125 150 175 

AMBIENT TEMPERATURE CC) 

FIGURE 11. Maximum Package Power Rating 


The maximum allowable junction temperature for 
ceramic packages is 175°C; operation above this tem- 
perature will reduce the reliability and life of the device 
below an acceptable level. At a temperature of 500°C 
the aluminum metallization paths on the die start to 
melt. The maximum allowable junction temperature 
for a molded device is 150°C, operations above this 
may cause the difference in thermal expansion between 
the molding compound and package lead frame to 
sheer off the wire bonds from the die to the package 
lead. The industry standard for a molded device is 
150°C, but National further recommends operation 
below 135°C if the device in its application will en- 
counter a lot of thermal cycling (such as powered 
on and off over its life). 

The way to determine the maximum allowable power 
dissipation from Figure 11, is to project a line from 
the maximum ambient temperature (Ta) of the appli- 
cation vertically (shown dotted in Figure 12), until 


Figure 11 shows that 14 pin packages have less thermal 
resistance than 8 pin packages; which should be ex- 
pected since it has more pins to conduct heat and has 
more surface area. Something that may not be expected 
is that the Thermal Resistance of the molded devices 
is comparable to the ceramic devices. The reason for the 
lower thermal resistance of the molded devices is the 
Copper lead frame, which is a better thermal conductor 
than the Kovar lead frame of the ceramic package. 
Almost all the peripheral drivers made by National 
Semiconductor are constructed with Copper lead frames 
(refer to 0 ja on the specific devices data sheet). The 
difference between the thermal resistance of Copper 
and Kovar in a molded package is shown in Figure 12. 

Another variance in thermal resistance is the size of the 
1C die. If the contact area to the lead frame is greater, 
then the thermal resistance from the Die to the Lead 
Frame is reduced. This is shown in Figure 13. The 
thermal resistance shown in Figure 11 corresponds 
to die that are 6000 mil^ in area. 



2k 5k 

DIE SIZE (MIL 2 ) 


FIGURE 13. Thermal Resistance vs Die Size 


3-71 


AN-213 








AN-213 


In most applications the prime medium for heat con- 
duction is through the device leads to the PC board, 
but the thermal resistance can be significantly improved 
by cooling air driven across the surface of the package. 
The conduction to air is limited by a stagnant film of 
air at the surface of the package. The film acts as an 
additional thermal resistance. The thickness of the 
film is proportional to its resistance. The thickness 
of the film is reduced by the velocity of the air across 
the package as shown in Figure 14. In most cases, the 
thermal resistance is reduced 25% at 250 linear feet/ 
min, and 30% at 500 linear feet/min, above 500 linear 
feet/min the improvement flattens out. 



0 500 Ik 

AIR FLOW (LINEAR FEET/MIN) 


FIGURE 14. Thermal Resistance vs Air Velocity 


The thermal resistance can also be improved by con- 
necting the package to the PC board copper or by 
attaching metal wings to the package. The improvement 
by these means is outside the control of the 1C manu- 
facturer, but is available from the manufacture of the 
heat sink device. If the 1C is mounted in a socket rather 
than soldered to a PC board, the thermal resistance 
through the device leads will worsen. In most cases, 
the thermal resistance is increased by 20%; again this is 
a variable subject to the specific socket type. 

The maximum package rating shown in this note cor- 
responds to a 90% confidence level that the package 
will have thermal resistance equal to or less than the 
value shown. The thermal resistance varies ±5% about 
the mean due to variables in assembly and package 
material. 


at the same time, and if so, not for a long period. The 
use of the DS3654 requires that the power be calculated 
vs the duty cycle of the outputs. 

The DC power dissipation is pretty obvious, but in 
another example, a customer used the DS3686 relay 
driver to drive a 6.5 H inductive load. The DS3687 has 
an internal clamp network to quench the inductive 
back swing at 60V. At 5 Hz the device dissipates 2 watts, 
with transient peaks up to 11 watts. After 15 minutes 
of operation, the driver succumbs to thermal overload 
and becomes non-functional. The DS3687 was intended 
for telephone relay, which in most applications switches 
20 times a day. 

Peripheral driver will dissipate peak power levels that 
greatly exceed the average DC power. This is due to the 
capacity of the die and package to consume the transient 
energy while still maintaining the junction temperature 
at a safe level. This capacity is shown as a capacitor in 
Figure 9. In the lab (under a microscope) a device may 
be observed to glow orange around the parameter of 
the junction under excessive peak power without 
damage to the device. Figure 15 shows a plot of max- 
imum peak power vs applied time for the DS3654, 
and the same information plotted as energy vs applied 
time. To obtain these curves, the device leakage current 
when it switches off was used to monitor device limi- 
tation. Note in Figure 15 there is a transition in the 
curve about 10 /js. At this point, the thermal capacity 
of the die has. been exceeded. The thermal delay to the 
next thermal capacity (the package) was too long, and 
limited the peak power. These levels are not suggested 
operating levels, but an example of a Peripheral Driver 
to handle peak transient power. 



1 10 100 Ik 10k 

(APPLIED TIME (ms) 


CALCULATIONS OF POWER DISSIPATION 

Most 1C devices (such as T^L) operate at power levels 
well below the device package rating, but peripheral 
drivers can easily be used at power levels that exceed 
the package rating unknowingly, if the power dis- 
sipation isn't calculated. As an example, the DS3654 
Ten Bit Printer Driver could dissipate 3 watts (DC and, 
even more AC), and it is only in a 0.8 watt package. 
In this example, the device would be destroyed in 
moments, and may even burn a hole in the PC board 
it is mounted on. The DS3654 data sheet indicated that 
the 10 outputs could sink 300 mA with a Vol of 1 volt, 
but it wasn't intended that all the outputs would be 


FIGURE 15. Peak Power and Energy vs 
the Period of Time the Power was Applied 


To calculate power dissipation, the only information 
available to the design engineer is the parametric limits 
in the device data sheet, and the same information 
about the load reactance. If the calculations indicate 
the device is within its limits of power dissipation, then 
using those parametric limits is satisfactory. If the 
calculation of power dissipation is marginal, the para- 
metric limits used in the calculations might be worst 
case at low temperature instead of high temperature 
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due to a positive temperature coefficient (Tc) of resis- 
tance. 1C resistors and resistors associated with the 
load generally have a positive Tc. On the other hand, 
diodes and transistor emitter base voltages have a neg- 
ative Tc; which may in some circuits negate the effect 
of the resistors Tc. Peripheral output transistors have 
a positive Tc associated with VoL-' while output Dar- 
lington transistors have a negative Tc at low currents 
and may be flat at high currents. Figure 16 shows 
an example of power dissipation vs temperature; note 
that the power dissipation at the applications maximum 
temperature (Ta) was less than the power dissipation 
at lower temperatures. Since maximum junction tem- 
perature is the concern of the calculation, then max- 
imum ambient temperature power should be used. 
The junction temperature may be determined by pro- 
jecting a line (shown dotted in Figure 16), with a slope 
proportional to 0 ja back to the horizontal axis (shown 
as Tj). If the point is below the curve then Tj will be 
less than 150°C. Tj must not exceed the maximum 
junction temperature for that package type. In this 
example, Tj is less than 150°C as required by a molded 
package. To calculate the power vs temperature, it is 
necessary to characterize the device parameters vs 
temperature. Unfortunately, this information is not 
always provided by 1C manufacturers in the device 
data sheets. A method to calculate IqC vs temperature 
is to measure a device, then normalize the measurements 
vs the typical value for Iqc in the data sheet, then 
worst case the measurements by adding 30%. Thirty 


percent is normally the worst-case resistor tolerance 
that 1C devices are manufactured to. 

CALCULATION OF OUTPUT POWER WITH AN 
INDUCTIVE LOAD 

For this example, the device output circuit is similar 
to the DS3654 (10-Bit Printer Solenoid Driver) and 
the DS3686 and DS3687 (Telephone Relay Driver) 
as shown in Figure 17. Special features of the circuit 
type are the Darlington output transistors Q1 and Q2 
and the zener diode from the collector of Q2 to the 
base of Q2. The Darlington output requires very little 
drive from the logic gate driving it and in turn dissi- 
pates less power when the output is turned ON and 
OFF, than a single saturating transistor output would. 
The zener diode (D^) quenches the inductive back- 
swing when the output is turned OFF. 

Device and Load Characteristics Used for Power 
Calculation 


VOL 

Output Voltage ON 

1.5V 

Vc 

Output Clamp Voltage 

65V 

Vb 

Load Voltage 

30V 

Rl 

Load Resistance 

120 n 

Ll 

Load Inductance 

5h 

ton 

Period ON 

100 ms 

toff 

Period OFF 

100 ms 

t 

Total Period 

200 ms 
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FIGURE 16. 1C Power Dissipation vs Temperature 
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FIGURE 17. Peripheral Driver with Inductive Load 
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Refer to Figure 18 voltage and current waveforms 
corresponding to the power dissipation calculated for 
this example of an inductive load. 

PON = Average power dissipation in device output 
when device is ON during total period (T) 

Li 5h 

t — — = = 41.7 ms 

R|_ 12012 

VB-VOL 30-1.5 

h = — — = = 237.5 mA 

R|_ 120 


lp = II 0 -e 


Ip = 237.5 mA(1-e 100 ms/41.7 ms j 


p OFF = Vcx-^ | (Ip + I r) x ~ (1-e tx7r ) - I r J 

23.1 T 41.7 

POFF = 65x (215.9 mA + 291.7 mA) 

200 23.1 


(1-e 23J/41 - 7 ) -291.7 mA 


Ip = 215.9 mA 


Pqff = 736 mW 


Po = Average power dissipation in device output 
PO= PON +p OFF= HO-6 + 736 = 846.6 mW 

In the above example, driving a 120 12 inductive load 
at 5 Hz, the power dissipation exceeded a more simple 
calculation of power dissipation, which would have 
been: 

v 0 L (Vb-vol) ton 

PO = x 

r l t 


Ton [ f T ON e ->* 

p ON= VolxIlx— — 1- — — 

T L Jo Tqn 


Pqn = Vqi_ x l L x ^ 1 (1-e ToN/ r ) 


100 41.7 inn/Ai 7 

P 0 N= 1.5 x 237.5 mA x 1 (1-e 1UU/41 ') 

200 100 


Pqn= 1 10.6 mW 


p OFF = Average power dissipation in device output 
when device is OFF during total period (T) 


Vq-Vb 65-30 

I r = = 291.7 mA 

RL 12012 


„ /'l + Ir\ 
tx = rCn (— ) 

/219.8 + 291. 7\ 

t x = 41.7 ms fin I = 23.1 ms 

V 291.7 / 

t x f t e^^dt 

p OFF = Vcx— (Ip + lR) tx lR 

T Jo t x 


1.5(30-1.5) 100 ms 

p Q= x — = 182.5 mW 

120 200 ms 

An error 460% would have occurred by not including 
the reactive load. The total power dissipation must 
also include other outputs (if the device has more 
than one output), and the power dissipation due to the 
device power supply currents. This is an example where 
the load will most likely exceed the device package 
rating. If the load is fixed, the power can be reduced 
by changing the period (T) and duty rate (Tqn/ToFF)- 




FIGURE 18. Voltage and Current Waveforms 
Corresponding to Inductive Load. 
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CALCULATION OF OUTPUT POWER WITH AN 
INCANDESCENT LAMP 


An incandescent lamp is equivalent to a reactive load. 
The reactance is related to the period of time required 
to heat the lamp and the filaments positive temperature 
coefficient of resistance. Figure 19 shows the transient 
response for a typical lamp used on instrument panels, 
and the equivalent electrical model for the lamp. Much 
like 1C packages the lamp has a thermal circuit and 
its associated propagation delay. This lamp filament 
has an 8 ms time constant, and a longer 250 ms time 
constant from the lamp body to ambient. The DC 
characteristics are shown in Figure 20. Note the knee 
in the characteristics at 2 volts; this is where power 
starts to be dissipated in the form of light. This subject 
is important, since more peripheral drivers are damaged 
by lamps than any other load. 



0 10 20 30 40 50 60 70 80 90 100 


FIGURE 19. Transient Response of an Incandescent 
Lamp 



0123456789 10 
LAMP VOLTAGE (V) 

FIGURE 20. DC Characteristics of an Incandescent 
Lamp 

Figure 21 shows the transient response of a driver 
similar to a DS75451 driving the lamp characterized 
in Figures 19 and 20. The equivalent load doesn't 
include the reactance of the lamp base to ambient, 
which has a 250 ms time constant, since 10 ms to an 
1C is equivalent to DC. The peak transient current was 


1 amp, settling to 200 ms, with an 8 ms time constant. 
Observe the peak current is clamped at 1 amp, by the 
sinking ability of the driver; otherwise the peak current 
may have been 1.2 amps. The DS75451 is only rated 
at 300 mA, but it is reasonable to assume it could 
sink 1 amp because of the designed forced required 
for switching response and worst case operating tem- 
perature. 
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FIGURE 21. Transient Incandescent Lamp Current 


Calculation of the energy dissipated by a peripheral 
driver for the transient lamp current shown in Figure 21 
is shown below, and the plot of energy vs time is shown 
in Figure 22. Figure 22 also includes as a reference 
the maximum peak energy from Figure 15. It can be 
seen from Figure 22 that in this example there is a 
good safety margin between the lamp load and the 
reference max peak energy. If there were more drivers 
than one per package under the same load, the margin 
would have been reduced. Also, if the peripheral driver 
couldn't saturate because it couldn't sink the peak 
transient lamp current, . then the energy would also 
reduce the margin of safe operation. 
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FIGURE 22. Energy vs Time for a Peripheral 
Driver with an Incandescent Lamp Load 


3-75 


AN-213 





AN-213 


V B = 6.3V 



FIGURE 23. Circuit Used to Reduce Peak 
Transient Lamp Current 


PERIPHERAL DRIVER SECTION 

National Semiconductor has a wide selection of periph- 
eral drivers as shown in the selection guide, Figure 24. 
The DS75451 , DS75461, DS3631 and the DS3611 
series have the same selection of logic function in an 
8-pin package. The DS75461 is a high voltage selection 
of the DS75451 and may switch slower. The DS3611 
and DS3631 are very high voltage circuits and were 
intended for slow relay applications. The DS3680, 
DS3686, and DS3687 were intended for 56V telephone 
relay applications. The DS3654 contains a 10-bit shift 
register followed by ten 250 mA clamped drivers. The 
DS3654 was intended for printer solenoid applications. 

High current and high voltage peripheral drivers find 
many applications associated with digital systems, 
and it is the intention of the application note to insure 
that reliability and service life of peripheral drivers 
equal or exceed the performance of the other logic 
gates made by National. 

For additional information, please contact Digital 
Interface Marketing Manager at National or one of the 
many field application engineers world wide. 
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Output High 
Voltage (V) 

Latch-Up Voltage 
(Note 3) (V) 

Output Low 
Voltage (V) 

Output Low 
Current (mA) 

Propagation 

Delay 

ON Power Supply 
Current (mA) 

Drivers/ 

Package 

Input 

Compatibility 

Logic Function 
(Driver ON) 

Device Number 
and Temperature Range 

Typ (ns) 

(Logic) 

0°C to +70°C 

-55°Cto+125°C 

30 



100 

40 

152 

■■ 

TTL 

Note 5 

DP8310 

DP7310 

30 


0.5 

100 

40 

125 


TTL 

Note 6 

DP8311 

DP7311 

20 

13.5 

0.6 

100 

70 

90 


TTL 

Note 7 

DS3616 


65 

30 

1.5 

600 


65 


TTL/LS 

NAND 

DS3656 


70 

35 

0.7 

600 

2430 

65 

HI 

TTL/LS 

NAND 

DS3658 


70 

Note 8 

1.5 

600 

2000 

80 

HI 

TTL/LS 

NAND 

DS3668 


70 

35 

0.7 

600 


65 

H 

TTL/LS 

AND 

DS3669 


30 

20 

0.7 


31 

55 


TTL 

AND 

DS75450 


30 

20 

0.7 

Kf 

31 

55 


TTL 

AND 

DS75451 

DS55451 

30 

20 

0.7 

300 

31 

55 

1 

TTL 

NAND 

DS75452 

DS55452 

30 

20 

0.7 

300 

31 

55 


TTL 

OR 

DS75453 

DS55453 

30 

20 

0.7 

300 

31 

55 


TTL 

NOR 

DS75454 

DS55454 

35 


0.7 


33 

55 

2 

TTL 

AND 

DS75461 

DS55461 

35 

30 

0.7 

300 

33 

55 

2 

TTL 

NAND 

DS75462 

DS55462 

35 

30 

0.7 

300 

33 

55 

2 

TTL 

OR 

DS75463 

DS55463 

35 

30 

0.7 

300 

33 

55 

2 

TTL 

NOR 

DS75464 

DS55464 

56 

40 

1.4 

mm 


8 



moM 

DS3631 

DS1631 

56 

40 

1.4 



8 




DS3632 

DS1632 

56 

40 

1.4 

300 

150 

8 

1 

CMOS 

H9I 

DS3633 

DS1633 

56 

40 

1.4 

300 

150 

8 


CMOS 

l 

DS3634 

DS1634 

80 

50 

0.7 

WMM 

125 

75 

2 

TTL/CMOS 

AND 

DS3611 

DS1611 

80 

50 

0.7 


125 

75 

2 

TTL/CMOS 

NAND 

DS9612 

DS1612 

80 

50 

0.7 

300 

125 

75 

2 

TTL/CMOS 

OR 

DS3613 

DS1613 

80 

50 

0.7 

300 

125 

75 

2 

TTL/CMOS 

NOR 

DS3614 

DS1614 

-2.1 

-60 

-60 

-50 

10,000 

4.4 

4 

TTL/CMOS 

(Note 4) 

DS3680 


(Note 1) 

56 

1.3 

300 

1000 

28 

2 

TTL/CMOS 

NAND 

DS3686 


(Note 1) 

-56 

-1.3 

300 

1000 

28 

2 

TTL/CMOS 

NAND 

DS3687 

DS1687 

13.5 

15 

VcC-1-8 

300 

150 

0.015 

2 

CMOS 

AND 

MM74C908, 

MM74C918 


(Note 1 ) 

45 

1.6 

250 

1000 

70 

10 

(Note 2) 

(Note 2) 

DS3654 



Note 1: The DS3686, DS3687 and DS3654 contain an internal inductive fly-back clamp circuit connected from the output to ground. As an example, DS3686 driving a relay solenoid connected to 28V would 
clamp the output voltage fly-back transient at 56V caused by the solenoid's stored inductive current. This clamp protects the circuit output and quenches the fly-back. 

Note 2: The DS3654 is a 10-bit shift register followed by 10 enabled drivers. The input circuit is equivalent to a 4k resistor to ground, and the logic input thresholds are 2.8V and 0.8V. The recommended power 
supply voltage is 7.5V to 9.5V. The circuit can be cascaded to be a 20 or 30-bit shift register. 

Note 3: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 

Note 4: DS3680 has a differential input circuit. 

Note 5: DP8310 inverting, positive edge latching. 

Note 6: DP8311 inverting, fall through latch. 

Note 7; Bubble memory coil driver. 

Note 8: DS3668 35V, latch-up with output fault protection. 

FIGURE 24. Peripheral/Power Driver Selection Guide 
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Section 4 

Level Translators/ 
Buffers 



TEMPERATURE RANGE 
-55°Cto +125°C 0°C to +70°C 

DESCRIPTION 

PAGE 

NUMBER 



DP8480 

10k ECL to TTL Level Translator with Latch 

4-4 

— 

DP8481 

TTL to 10k ECL Level Translator with Latch 

4-7 

— 

DP8482 

100k ECL to TTL Level Translator with Latch 

4-10 

— 

DP8483 

TTL to 100k Level Translator with Latch 

4-13 

DS1630 

DS3630 

Hex CMOS Compatible Buffer 

4-16 

DS7800 

DS8800 

Dual Voltage Level Translator 

4-19 

DS7810 

DS8810 

Quad 2-Input TTL-to-MOS Interface Gate 

4-22 

DS7811 

DS8811 

Quad 2-Input TTL-to-MOS Interface Gate 

4-22 

DS7812 

DS8812 

Hex TTL-to-MOS Inverter 

4-22 

DS78L12 

DS88L12 

Hex TTL-to-MOS Inverter/Interface Gate 

4-25 

DS7819 

DS8819 

Quad 2-Input TTL-to-MOS Gate 

4-27 

MM54C901 

MM74C901 

Hex Inverting TTL Buffer 

CMOS 

MM54C902 

MM74C902 

Hex Non-Inverting TTL Buffer 

CMOS 

MM54C903 

MM74C903 

Hex Inverting PMOS Buffer 

CMOS 

MM54C904 

MM74C904 

Hex Non-Inverting PMOS Buffer 

CMOS 

MM54C906 

MM74C906 

Hex Open Drain N-Channel Buffer 

CMOS 

MM54C907 

MM74C907 

Hex Open Drain P-Channel Buffer 

CMOS 


'Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s "The Reliability Handbook”. 




LEVEL TRANSLATORS/BUFFERS 


INPUT 

OUTPUT 

OUTPUT CHARACTERISTICS 

LOGIC FUNCTION 

I DEVICE NUMBER I 

Page 

No. 

0°C to +70° C 

-55° C to +125°C 

10k ECL 

TTL 

TRI-STATE® Fall Through Latch 

Inverting 

DP8480 


4-4 

TTL 

10k ECL 

Gated Fall Through Latch 

Inverting 

DP8481 


4-7 

100k ECL 

TTL 

TRI-STATE Fall Through Latch 

Inverting 

DP8482 


4-10 

TTL 

100k ECL 

Gated Fall Through Latch 

Inverting 

DP8483 


4-13 

CMOS 

CMOS 

50 ns Prop. Delay at 500 pF 

Hex Buffer 

DS3630 

DS1630 

4-16 

TTL 

PMOS 

Open-Collector —30V to 30V 

Dual 2-Input Gate 

DS8800 

DS7800 

4-19 

TTL 

MOS 

Open-Collector 0.4V to 14V 

Quad 2-Input Gate 

DS8810 

DS7810 

4-22 

TTL 

MOS 

Open-Collector 0.4V to 14V 

Quad 2-Input Gate 

DS8811 

DS7811 

4-22 

TTL 

MOS 

Open-Collector 0.4V to 14V 

Hex Inverter 

DS8812 

DS7812 

4-22 

TTL 

MOS 

Active Pull-Up 0,4V to 14V 

Hex Inverter 

DS88L12 

DS78L12 

4-25 

TTL 

MOS 

Open-Collector 0.4V to 14V 

Quad 2-Input Gate 

DS8819 

DS7819 

4-27 

CMOS 

TTL 

Active Pull-Up 0.4V @ 2.6 mA 

Hex Inverter 

MM74C901 

MM54C901 

CMOS 

CMOS 

TTL 

Active Pull-Up 0.4V @ 3.2 mA 

Hex Buffer 

MM74C902 

MM54C902 

CMOS 

CMOS 

PMOS 

Active Pull-Up 0V to 15V 

Hex Inverter 

MM74C903 

MM54C903 

CMOS 

CMOS 

PMOS 

Active Pull-Up 0V to 15V 

Hex Buffer 

MM74C904 

MM54C904 

CMOS 

CMOS 

NMOS 

Open Drain 0V to 15V 

Hex Buffer 

MM74C906 

MM54C906 

CMOS 

CMOS 

PMOS 

Open Drain VcC t0 VqC — 15V 

Hex Buffer 

MM74C907 

MM54C907 

CMOS 
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DP8480 



National 

Semiconductor 


Level Translators/ Buffers 

PRELIMINARY 


DP8480 10k ECL to TTL Level Translator with Latch 


General Description 

This circuit translates ECL input levels to TTL output 
levels and provides a fall-through latch. The TRI-STATE® 
outputs are designed to drive large capacitive loads. The 
clock and chip select inputs are ECL. 


Features 

■ 16-pin flat-pack or DIP 

■ TRI-STATE outputs 

■ ECL control inputs 

■ 5.5 ns typical propagation delay with 50 pF load 

■ Outputs are TRI-STATE during power up/down for 
glitch free operation 

■ 10k ECL input compatible 


Logic and Connection Diagram 


Dual-ln-Line Package 



TRI-STATE® Is a registered trademark of National Semiconductor Corp. 


Truth Table 


Dl 

DO 

CK 

CS 

H 

L 

L 

L 

L 

H 

L 

L 

X 

DO 

H 

L 

X 

Hi-Z 

X 

H 


H = high level (most positive) 
L= low level (most negative) 
X = don’t care 


Order Number DP8480N or DP8480F 
See NS Package N16A or F16B 
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Absolute Maximum Ratings (Note i) Recommended Operating Conditions 

V EE Supply Voltage -8V V EE Supply Voltage -5.2V±10% 

V cc Supply Voltage 7V V cc Supply Voltage 5.0V ±10% 

InputVoltage GNDtoV EE T A , Ambient Temperature 0°Cto75°C 

Output Voltage 5.5V 

Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Storage Temperature -65°Cto150°C 

* Derate molded package 1 1 .8 mWZ'C above 25”C. 

Electrical Characteristics (ttl Logic) Notes 2, 3 and a 


Parameter 


Output Low Voltage 


Output High Voltage 


Output Low Drive Current 


Output High Drive Current 


TRI-STATE Output Current 


Supply Current 


Conditions 



Electrical Characteristics (ECL Logic) Notes 2 and 3 


Parameter 

V|L 

Input Low Voltage 

V|H 

Input High Voltage 

1 

IL 

Input Low Current 

1 

IH 

Input High Current 

1 

EE 

Supply Current 




Switching Characteristics Notes 2 and 5 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tcDOL 

Clock to Data Out Low Delay 

C L = 50 pF 


6.75 

11.5 

ns 

tCDOH 

Clock to Data Out High Delay 

C L = 50 pF 


6.75 

11.5 

ns 

tDIDOH 

Data In to Data Out High Delay 

C l = 50 pF 


5.5 

9.5 

ns 

l DIDOL 

Data In to Data Out Low Delay 

C L = 50 pF 


5.5 

9.5 

ns 

ts 

Data Set-Up Time 

C l = 50 pF 

3.0 

1.0 


ns 

t H 

Data Hold Time 

C E = 50 pF 

3.0 

1.0 


ns 

tcpw 

Clock Pulse Width 

C L = 50 pF 

5.0 

3.0 


ns 

‘ZE 

Delay from Chip Select to 
Active State from Hi-Z State 

C L = 50pF 


8 


ns 

tEZ 

Delay from Chip Select to Hi-Z 
State from Active State 

C(_ = 50 pF 

wm 

8 


ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 75°C ambient temperature range In still air and across the specified supply varia- 
tions. All typical values are for T A = 25°C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: When DC testing H d or loD a 150 resistor should be in series with the output. Only one output should be tested at a time. 

Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 
2.4V level on positive transitions of the output. ECL input rise and fall times are 2.0 ns ± 0.2 ns from 20% to 80%. 














































































































National 

Semiconductor 


Level Translators/Buffers 

PRELIMINARY 


DP8481 TTL to 10k ECL Level Translator with Latch 


General Description 


Features 


This circuit translates TTL input levels to ECL output 
levels and provides a fall-through latch. The outputs are 
gated with CS providing for wire ORing of outputs. The 
clock and chip select inputs are ECL. 


■ 16-pin flat-pack or DIP 

■ ECL control inputs 

■ CS provided for wire ORing of output bus 

■ 10k ECL I/O compatible 

■ 4.0 ns typical propagation delay 


Logic and Connection Diagram Truth Table 


Dual-ln-Line Package 



Dl 

DO 

CK 

CS 

H 

L 

L 

H 

L 

H 

L 

H 

X 

DO 

H 

H 

X 

L 

X 

L 


H = high level (most positive) 
L= low level (most negative) 
X = don’t care 


Order Number DP8481N or DP8481F 
See NS Package N16A or F16B 


DP8481 











DP8481 


Recommended Operating Conditions 

V EE Supply Voltage -5.2V ±10% 

VccSupply Voltage 5.0V ±10% 

T A , Ambient Temperature 0°Cto75°C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V, L 

Input Low Voltage 




0.8 

V 

V, H 

Input High Voltage 


2.0 



V 


Input Low Current 

V,N = 0.5V 


-50 


/.A 

EB 

Input High Current 

V| N = 2.5V 


1.0 


m a 

V CLAMP 

Input Clamp Voltage 

l| N = -12 mA 


-0.8 


V 

■cc 

Supply Current 




30 

mA 


Electrical Characteristics (ecl Logic) Notes 2 and 3 


Parameter 

Conditions 

Ta 

Min 

Typ 

Max 

Units 

VlL 

Input Low Voltage 

V EE = -5.2V 

o°c 








25°C 



fail 

mV 




75°C 



ii 


V, H 

Input High Voltage 

V EE = -5.2V 

0°C 



-840 





25°C 



-810 

mV 




75°C 

-1045 


-720 


wm 

Input Low Current 




0.5 


A A 

EB 

Input High Current 




350 


aA 

V OL 

Output Low Voltage 


0°C 



wasm 





25°C 

1 



mV 




75°C 



HI 


V OH 

Output High Voltage 

V EE = -5.2V 

0°C 

- 1000 


-840 





25°C 

-960 


-810 

mV 




75°C 

-900 


-720 


V OLC 

Output Low Voltage 

V EE = -5.2 V 

0°C 



BS9 





25°C 




mV 




75°C 



mSm 


VoHC 

Output High Voltage 

V EE = -5.2V 

0°C 

-1020 







25°C 




mV 




75°C 





•ee 

Supply Current 





-90 

mA 



Absolute Maximum Ratings (Note i) 


V EE Supply Voltage 

— 8V 

V cc Supply Voltage 

7V 

Input Voltage (ECL) 

GNDto V EE 

Input Voltage (TTL) 

- IV to 5.5V 

Output Current 

50 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 

1476 mW 

Storage Temperature 

- 65°Cto + 150°C 


* Derate molded package 11.8 mW/'C above 25°C. 


Electrical Characteristics (TTL Logic) Notes 2 and 3 
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Switching Characteristics Notes 2 and 4 


Conditions 


tcooL Clock to Data Out Low Delay 


1 cdoh Clock to Data Out High Delay 


tDiDOH Data In to Data Out High Delay 


^didol Data l n to Data Out Low Delay 


s Data Set-Up Time to Clock 


t H Data Hold Time 


t CPW Clock Pulse Width 


l csDOH Chip Select to Data Out High Delay 


tcsDOL Chip Select to Data Out Low Delay 


t scs Data Set-Up Time to Chip Select 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the 
device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 75°C ambient temperature range in still air and across the specified supply varia- 
tions. All typical values are for 25'C and nominal supply. 

Note 3: All currents Into device pins are shown as positive; all currents out of device pi ns are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% pointoftheECLsignalanda 
50S1 resistor to -2V Is the load. ECL input rise and fall times are 2.0 ns ±0.2 ns from 20% to 80%. TTL input characteristic is 0V to 3V with t r = tf < 3 ns 
measured from 10% to 90%. 


Switching Time Waveforms 


DP8481 














































DP8482 


National 

Cominnnrli isilv>r 


Level Translators/ Buffers 

PRELIMINARY 



Level Translator with Latch 


General Description 

This circuit translates ECL input levels to TTL output 
levels and provides a fall-through latch. The TRI-STATE® 
outputs are designed to drive large capacitive loads. The 
clock and chip select inputs are ECL. 


Features 

■ 16-pin flat-pack or DIP 

■ TRI-STATE outputs 

■ ECL control inputs 

■ 5.5 ns typical propagation delay with 50 pF load 

■ Outputs are TRI-STATE during power up/down for 
glitch free operation 

■ 100k ECL input compatible 


Logic and Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Truth Table 


Dl 

DO 

CK 

CS 

H 

L 

L 

L 

L 

H 

L 

L 

X 

DO 

H 

L 

X 

Hi-Z 

X 

H 


H = high level (most positive) 
L= low level (most negative) 
X = don't care 


Order Number DP8482N or DP8482F 
See NS Package N16A or F16B 
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Absolute Maximum Ratings (Note d 

V EE Supply Voltage -8V 

VccSupply Voltage 7 V 

Input Voltage GNDtoV EE 

Output Voltage 5.5V 

Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

StorageTemperature -65°Cto +150°C 

* Derate molded package 1 1 .8 mW/°C above 25°C. 


Electrical Characteristics (ttl Logic) Notes 2, 3 and 4 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

o 

> 

Output Low Voltage 

l 0L = 8mA 



0.5 

V 

V OH 

Output High Voltage 

l 0H = -1 mA 

2.5 



V 

ES 

Output Low Drive Current 

Force 5V with Output Low 


150 


mA 

E3 

Output High Drive Current 

Force 0V with Output High 


-150 


mA 

E5 

TRI-STATE Output Current 



1 


mA 

•cc 

Supply Current 




62.5 

mA 


Electrical Characteristics (ecl Logic) Notes 2 and 3 


Recommended Operating Conditions 

V EE Supply Voltage -4.5V ±7% 

V cc Supply Voltage 5.0V ±10% 

T a . Ambient Temperature 0 o Cto85°C 


Parameter | 

Conditions 

Ta 

Min 

Typ 

Max 

Units 

V,L 

Input Low Voltage 

V EE = -4.5V 


-1810 


-1475 

mV 

V| H 

Input High Voltage 

V EE = -4.5V 


-1165 


-880 

mV 

mm 

Input Low Current 




0.5 


aA 

s 

Input High Current 




350 


/*A 

■5 

Supply Current 





-50 

mA 


Switching Characteristics Notes 2 and 5 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tcDOL 

Clock to Data Out Low Delay 

C L = 50 pF 


6.75 

11.5 

ns 

l CDOH 

Clock to Data Out High Delay 

C L = 50 pF 


6.75 

11.5 

ns 

l DIDOH 

Data In to Data Out High Delay 

C L = 50 pF 


5.5 

9.5 

ns 

tDIDOL 

Data In to Data Out Low Delay 

C|_ = 50 pF 


5.5 

9.5 

ns 

l S 

Data Set-Up Time 

C L = 50 pF 

3.0 

1.0 


ns 

t H 

Data Hold Time 

C L = 50 pF 

3.0 

1.0 


ns 

l CPW 

Clock Pulse Width 

C E = 50 pF 

5.0 

3.0 


ns 

tzE 

Delay from Chip Select to 
Active State from Hi-Z State 

C E = 50 pF 


8 


ns 

»EZ 

Delay from Chip Select to Hi-Z 
State from Active State 

C L = 50 pF 


8 


ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across theO'C to 85 °C ambient temperature range in still air and across the specified supply varia- 
tions. All typical values are for T^ = 25'C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: When DC testing lip or Igp a 15n resistor should be in series with the output. Only one output should be tested at a time. 

Note 5: Unless otherwise specified, all AC measurements are referenced from the 50% level of the ECL input to the 0.8V level on negative transitions or the 
2.4V level on positive transitions of the output. ECL input rise and fall times are 0.7 ns ±0.1 ns from 20% to 80%. 
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DP8482 


Switching Time Waveforms 



DO 

Vol+0.3V,-^" 

^ SI CLOSED 

* 

DO 


SI OPEN 

** 

*S1 closed 
**S1 open 

Test Load 


7 V 

t 



O / 

/si 



>500 


tr 

INCLUDING PROBE 
AND JIG CAPACITANCE 1 

£500 
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TO National 
wlA Semiconductor 


Level Translators/Buffers 

PRELIMINARY 


DP8483 TTL to 100k ECL Level Translator with Latch 


General Description Features 

This circuit translates TTL input levels to ECL output 
levels and provides a fall-through latch. The outputs are 
gated with CS providing for wire ORing of outputs. The 
clock and chip select inputs are ECL. 


■ 16-pin flat-pack or DIP 

■ ECL control inputs 

■ CS provided for wire ORing of output bus 

■ 100k ECL I/O compatible 

■ 4.0 ns typical propagation delay 


Logic and Connection Diagram Truth Table 

Dual-ln-Line Package 



TOP VIEW 
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DP8483 


Absolute Maximum Ratings (Note d 

V EE Supply Voltage -8V 

V cc Supply Voltage 7V 

Input Voltage (ECL) GNDtoV EE 

Input Voltage(TTL) -1Vto5.5V 

Output Current 50 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 1476 mW 

Storage Temperature -65°Cto + 150°C 

* Derate molded package 1 1 .8 mW/°C above 25°C. 


Recommended Operating Conditions 


V EE SupplyVoltage 
V cc Supply Voltage 
T a , Ambient Temperature 


- 4.5V ± 7% 
5.0V ± 10% 
0°Cto85°C 


Electrical Characteristics (TTL Logic) Notes 2 and 3 


Conditions 


Parameter 


Input Low Voltage 


Input High Voltage 


Input Low Current V| N = 0.5V 


V, N = 2.5 V 


i N = -12 mA 


IL 

Input Low Current 

IH 

Input High Current 

/clamp 

Input Clamp Voltage 


Supply Current 


Electrical Characteristics <ecl Logic) Notes 2 and 3 


Parameter 


Input Low Voltage 


Input High Voltage 


Input Low Current 


Input High Current 


Output Low Voltage 


Output High Voltage 


Output Low Voltage 


Output High Voltage 


Supply Current 


Conditions 


V EE = -4.5V 


V EE = -4.5V 


V EE = -4.5V 


V EE = -4.5V 


V EE = -4.5V 


V EE = -4.5V 
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Switching Characteristics Notes 2 and 4 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

l CDOL 

Clock to Data Out Low Delay 



4.0 

6.5 

ns 

l CDOH 

Clock to Data Out High Delay 



4.0 

6.5 

ns 

tDIDOH 

Data In to Data Out High Delay 



4.0 

6.5 

ns 

tDIDOL 

Data In to Data Out Low Delay 



4.0 

6.5 

ns 

ts 

Data Set-Up Time to Clock 


3.0 

1.0 


ns 

t H 

Data Hold Time 


3.0 

1.0 


ns 

tcPW 

Clock Pulse Width 


5.0 

3.0 


ns 

tcSDOH 

Chip Select to Data Out High Delay 



3.0 

4.5 

ns 

tcSDOL 

Chip Select to Data Out Low Delay 



3.0 

4.5 

ns 

t scs 

Data Set-Up Time to Chip Select 


5.5 

3.0 


ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics’* provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across theO'C to85°C ambient temperature range in still air and across the specified supply varia- 
tions. All typical values are for 25 °C and nominal supply. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative. All voltages are referenced to ground, unless 
otherwise specified. 

Note 4: Unless otherwise specified, all AC measurements are referenced from the 1.5V level of the TTL input and to/from the 50% point of the ECL signal and a 
50t! resistor to -2V is the load. ECL input rise and fall times are 0.7 ns ±0.1 ns from 20% to 80%. TTL input characteristic is 0V to 3V with t r = tf < 3 ns 
measured from 10% to 90%. 


Switching Time Waveforms 




tCOOH 


tDIDOH 



















































DS1630/DS3630 



National 

Semiconductor 


Level Translators/Buffers 


DS1630/DS3630 Hex CMOS Compatible Buffer 


General Description 

The DS1630/DS3630 is a high current buffer intended 
for use with CMOS circuits interfacing with peripherals 
requiring high drive currents. The DS1630/DS3630 
features low quiescent power consumption (typically 
50juW) as well as high-speed driving of capacitive loads 
such as large MOS memories. The design of the DS1630/ 
DS3630 is such that V cc current spikes commonly 
found in standard CMOS circuits cannot occur, thereby, 
reducing the total transient and average power when 
operating at high frequencies. 


Features 

■ High-speed capacitive driver 

■ Wide supply voltage range 

■ Input/output may interface to TTL 

■ Input/output CMOS compatibility 

■ No internal transient V cc current spikes 
* 50/uW typical standby power 


Equivalent Schematic and Connection Diagrams 


Vcc 



Typical Applications 


Dual-lr>-Line Package 



OUT 1 IN 1 OUT 2 IN 2 OUT 3 IN 3 GNO 
TOP VIEW 


Order Number DS1630J, DS3630J 
or DS3630N 

See NS Package J14A or N14A 


74C 74C 

CMOS CMOS 

FAMILY DS3G30 FAMILY 



LINE 


CMOS To Transmission Line Interface 


v* 



CMOS To CMOS Interface LED Driver 
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Absolute Maximum Ratings (Notei) 


Operating Conditions 


Supply Voltage 
Input Voltage 
Output Voltage 

Lead Temperature (Soldering, 10 seconds) 


16V 
16V 
16V 
300° C 


Supply Voltage (Vcc> 
Temperature (T A ) 
DS1630 
DS3630 


MIN 

3 


-65 

0 


MAX 

15 


+125 

+70 


Electrical Characteristics (Notes 2 and 3) 


UNITS 

V 


°c 

°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l| NH Logical "1" Input Current 

! 

V| N = V cc . Iout = -400,uA 

DS1630 


90 

200 

pA 

DS3630 


90 

200 

/iA 

V|n — Vcc — 2.0V, Iout = 16 m A 

DS1630 


0.5 

3.2 

mA 

DS3630 


0.5 

1.5 

mA 

l, NL Logical "0" Input Current 

V, N = 0.4V, l OUT = 16 mA 

DS1630 


-0.15 

-1 

mA 

DS3630 


< 

o 

o 

CJ1 

o 

-800 

pA 

V OH Logical "1" Output Voltage 

Vin = Vcc. 'out = ~400/iA 

DS1630 

< 

o 

o 

1 

Vcc-0.75 


V 

DS3630 

| Vcc-0.9 | 

Vcc-0-75 


V 

V|n = Vcc — 0.4V, Iout = I® 

DS1630 

EgHU 

Vcc-2.0 


V 

DS3630 


0 

CN 

1 

O 

u 

> 


V 

V OL Logical "0" Output Voltage 

V,N =0V, l OUT = 400^tA 

DS1630 


0.75 

1 

V 

DS3630 


0.75 

0.9 

V 

V in =0V, l OUT = 16 mA 

DS1630 


0.95 

1.3 

V 

DS3630 


0.95 

1.3 

V 

V, N = 0.4V, Iqut = 16 mA 

DS1630 


1.2 

1.6 

V 

DS3630 


1.2 

1.5 

V 


Switching Characteristics V cc = 5.0V, T a = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Propagation Delay to a Logical "0" 

C L = 50 pF 


30 

45 

ns 





40 

60 

ns 



C L = 500 pF 


50 

75 

ns 

Ipdl 

Propagation Delay to a Logical "1" 

C L = 50 pF 


15 

25 

ns 



C L = 250 pF 


35 

50 

ns 



C L = 500 pF 


50 

75 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1630 and across the 0°C to 
+70°C range for the DS3630. All typicals are given for Vcc = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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DS1630/DS3630 



















































































































Typical Performance Characteristics 


Vqh vs Temperature, 
V|N = V CC 


Vqh Active vs Temperature 


Vol vs Temperature 


-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


-65 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


TEMPERATURE CC) 


Vql vs Temperature 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (”0 


tpdo vs Load Capacitance 



100 200 300 400 500 

LOAD CAPACITANCE (pF) 


Propagation Delay vs Vcc 


tpdl vs Load Capacitance 


Propagation Delay 
vs Temperature 


100 200 300 400 500 

LOAD CAPACITANCE (pF) 


-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE ("0 


AC Test Circuit and Switching Time Waveforms 


INPUT V + 



C L includes probe and jig capacitance 



Pulse Generator characteristics: PRR = 1.0 MHz, PW = 500 ns. t r = t f < 10 n 
V|N = 0 to Vcc 
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Egl National 
£A Semiconductor 


Level Translators/Buffers 


DS7800/DS8800 Dual Voltage Level Translator 

General Description Features 


The DS7800/DS8800 are dual voltage translators 
designed for interfacing between conventional TTL 
or LS voltage levels and those levels associated 
with high impedance junction or MOS FET-type 
devices. The design allows the user a wide latitude 
in his selection of power supply voltages, thus pro- 
viding custom control of the output swing. The 
translator is especially useful in analog switching; 
and since low power dissipation occurs in the “off" 
state, minimum system power is required. 


Features 

■ 31 volt (max) output swing 

■ 1 mW power dissipation in normal state 

■ Standard 5V power supply 


Temperature range: 
DS7800 
DS8800 


-55 C to +125 C 
0°C to +70°C 


Compatible with all MOS devices 


Schematic and Connection Diagrams 



Metal Can Package 



Order Number DS7800H 
or DS8800H 
See NS Package H10C 


Typical Applications 


4-Channel Analog Switch 


Bipolar to MOS Interfacing 


•sv -mv 


L 1 | 

| 


LL i 


•Analog signals within the range of +8V to -8V. 


1 P 

r ~» 

— ■+— T~"*\ 1 I MOS SHIFT I 

H -n /°T | REGISTER | 

TTL { OS7800 I 

sss | 

I T 
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DS7800/DS8800 







DS7800/DS8800 



Switching Characteristics T a = 25°C, nominal power supplies unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO 

Transition Time to Logical 
"0" Output 

T a = 25°C, C = 15 pF (Note 8) 

25 

70 

125 

ns 

tpdl 

Transition Time to Logical 
"1" Output 

T a = 25°C, C = 15 pF (Note 9) 

25 

62 

125 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7800 and across the 0°C to 
+70°C range for the DS8800. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Current measured is drawn from V3 supply. 

Note 5: Current measured is drawn from Vqc supply. 

Note 6: All typical values are measured at T A = 25° C with Vqc = 5.0V, V 2 = -22V, V3 = +8V. 

Note 7: Specification applies for all allowable values of V2 and V3. 

Note 8: Measured from 1 ,5V on input to 50% level on output. 

Note 9: Measured from 1 ,5V on input to logic "0" voltage, plus 1 V. 
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Theory of Operation 


The two input diodes perform the AND function 
on TTL input voltage levels. When at least one 
input voltage is a logical "0", current from V cc 
(nominally 5.0V) passes through R 1 and out the 
input(s) which is at the low voltage. Other than 
small leakage currents, this current drawn from V cc 
through the 20 kfZ resistor is the only source of 
power dissipation in the logical "1” output state. 

When both inputs are at logical "1" levels, current 
passes through R 2 and diverts to transistor Q 1( 
turning it on and thus pulling current through R 2 . 
Current is then supplied to the PNP transistor, Q 2 . 
The voltage losses caused by current through Q 1( 
D 3 , and Q 2 necessitate that node P reach a voltage 
sufficient to overcome these losses before current 
begins to flow. To achieve this voltage at node P, 
the inputs must be raised to a voltage level which 
is one diode potential lower than node P. Since 
these levels are exactly the same as those exper- 
ienced with conventional TTL, the interfacing 
with these types of circuits is achieved. 

Transistor Q 2 provides "constant current switch- 
ing" to the output due to the common base con- 
nection of Q 2 . When at least one input is at the 
logical "0" level, no current is delivered to Q 2 ; so 
that its collector supplies essentially zero current 
to the output stage. But when both inputs are raised 
to a logical "1" level current is supplied to Q 2 . 

Selecting Power Supply Voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit. The 
range of operation for power supply V 2 is shown 
on the X axis. It must be between -25V and -8V. 
The allowable range for power supply V 3 is gov- 
erned by supply V 2 . With a value chosen for V 2 , V 3 
may be selected as any value along a vertical line 
passing through the V 2 value and terminated by 
the boundaries of the operating region. A voltage 
difference between power supplies of at least 5V 
should be maintained for adequate signal swing. 


Since this current is relatively constant, the collec- 
tor of Q 2 acts as a constant current source for the 
output stage. Logic inversion is performed since 
logical "1" input voltages cause current to be sup- 
plied to Q 2 and to Q 3 . And when Q 3 turns on the 
output voltage drops to the logical "0" level. 

The reason for the PNP current source, Q 2 , is so 
that the output stage can be driven from a high 
impedance. This allows voltage V 2 to be adjusted 
in accordance with the application. Negative volt- 
ages to -25V can be applied to V 2 . Since the out- 
put will neither source nor sink large amounts of 
current, the output voltage range is almost exclu- 
sively dependent upon the values selected for V 2 
and V 3 . 

Maximum leakage current through the output tran- 
sistor Q 3 is specified at 10 juA under worst-case 
voltage between V 2 and V 3 . This will result in a 
logical "1" output voltage which is 0.2V below V 3 . 
Likewise the clamping action of diodes D 4 , D 5 , and 
D 6 , prevents the logical "0" output voltage from 
falling lower than 2 V above V 2 , thus establishing 
the output voltage swing at typically 2 volts less 
than the voltage separation between V 2 and V 3 . 




Switching Time Waveforms 



DS7800/DS8800 





DS7810/DS8810, 

DS7811/DS8811, DS7812/DS8812 



National 

Semiconductor 


Level Translators/Buffers 


DS7810/DS8810 Quad 2-Input TTL-MOS Interface Gate 
DS7811/DS8811 Quad 2-Input TTL-MOS Interface Gate 
DS7812/DS8812 Hex TTL-MOS Inverter 


General Description 


These Series 54/74 compatible gates are high out- 
put voltage versions of the DM5401 /DM7401 
(SIM54 01/SN7401), D M 5 4 0 3 / D M 7403 
(SN5403/SN7403), and DM5405/DM7405 
(SN5405/SN7405). Their open-collector outputs 
may be "pulled-up" to +14 volts in the logical "1" 
state thus providing guaranteed interface between 
TTL and MOS logic levels. 


In addition the devices may be used in applications 
where it is desirable to drive low current relays or 
lamps that require up to 14 volts. 


Schematic and Connection Diagrams 



DS7810/DS8810, DS781 1/DS881 1 
Dual-1 n-Line Package 



TOP VIEW OHIO 


Order Number DS7810J, DS8810J, 
or DS8810N 

See NS Package J14A or N 14 A 
Dual-ln-Line Package 


14 

13 

12 

11 

10 

9 . 

M 

H>°- 

rOn 

-{>- 


-t>J 

n 

2 

3 

TOP 

4 

VIEW 

s 

1 [/ 

CND 


Order Number DS7812J, DS8812J, 
DS7812W or DS8812N 
See NS Package J14A, N14A or W14A 



Vcc 



Order Number DS7811J, DS8811J, 
DS781 1W or DS8811N 
See NS Package J14A, N14A or W14A 
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Absolute Maximum Ratings (Note d 


Vcc 7V 

Input Voltage 5.5V 

Output Voltage 14V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1254 mW 

Molded Package 1106mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

“Derate cavity package 8.36 mW/° C above 25° C; derate 
molded package 8.85 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage (Vcc) 
DS78XX 
DS88XX 

Temperature (T/\) 
DS78XX 
DS88XX 


PARAMETER 


Input Diode Clamp Voltage 


Logical ''1" Input Voltage 


Logical " 0 " Input Voltage 


Logical "1" Output Current 


Logical "0" Output Current 


Logical "1" Output Breakdown Voltage 


Logical "0" Output Voltage 


Logical "1" Input Current 


Logical "0" Input Current 


Logical "0" Supply Current 
(Each Gate) 


Logical "1" Supply Current 
(Each Gate) 


V C c — Max 


V cc = Max, V IN = 5.0V 


V cc = Max, V IN =0V 


Switching Characteristics t a = 25 °c, v cc = sv 



CONDITIONS 


V cc = 5.0V, T a = 25°C, l, N = -12 mA 


V qq — Min 


V cc ~ Min 


Vcc — Min, 

Vqut = 10V I V| N = 0.0V 


V cc = Min, V IN = 2.0V, V oux = 0.4V 


Vcc Min, V, N - 0V, l 0UT — 1 mA 


V C c = Min, V| N = 2.0V, I 0 ut = 16 mA 


V, N =2.4V 


V|m — 5.5V 


V cc = Max, V, N = 0.4V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

t pd0 Propagation Delay Time to a 

Logical "0" 

Cqut = 15 pF, R l = Ik 

■ 

12 

18 

t pd1 Propagation Delay Time to a 

Logical "1" 

18 

29 

45 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range " they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS781C, DS7811,and DS7812 
and across the 0°C to +70°C range for the DS881 C, DS881 1 , and DS881 2. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Typical Applications 


GROUND 

INPUT 

CLOCK Vo 


Note: Normal voltages applied to M0S shift 
registers have been shifted by +10V for this +10V - 
application. 



4-23 


DS7810/DS8810, 
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DS7810/DS8810, 

DS7811/DS8811, DS7812/DS8812 
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17WA National 
£m Semiconductor 


Level Translators/Buffers 


DS78L12/DS88L12 Hex TTL-MOS Inverter/Interface Gate 

General Description 

The DS78L1 2/DS88L1 2 is a low power TTL to with V cc levels up to +14V without resistive 

MOS hex inverter element. The outputs may be pull-ups at the outputs and still providing a guar- 

"pul led up'' to +14V in the logical "1" state, thus anteed logical “1" level of V cc - 2.2V with an 

providing guaranteed interface between TTL and output current of -200/t A. 

MOS logic levels. The gate may also be operated 


Schematic and Connection Diagrams 



Typical Applications 


TTL Interface to MOS ROM 
Without Resistive Pull-Up 



AC Test Circuits 



T 


FwVcc -UV 

Figure 1 



Dual-In-Line Package 



Order Number DS78L12J, DS88L12J 
Order Number DS88L12N 
Order Number DS78L12W 
See NS Package J14A, N14A or W14A 


TTL Interface to MOS ROM 
With Resistive Pull-Up 



Switching Time Waveforms 
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DS78L12/DS88L12 





DS78L12/DS88L12 


Absolute Maximum Ratings (Note d Operating Conditions 

MIN MAX UNITS 

Supply Voltage 15V Supply Voltage (Vcc> 

Input Voltage 5.5V DS78L12 . 4.5 5.5 V 

Output Voltage 15V DS88L12 4.75 5.25 V 

Storage Temperature Range -65°C to +1 50°C Temperature (Ta) 

Maximum Power Dissipation* at 25°€ DS78L12 -55 125 °C 

Cavity Package 1308 mW DS88L12 0 70 °C 

Molded Package 1207 mW 

Lead Temperature (Soldering, 10 sec) 300°C 

*Derate cavity package 8.72 mW/° C above 25°C; derate 
molded package 9.66 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V| H Logical "1" Input Voltage 

V cc = 14.0V 

2.0 

1.3 


V 

Vcc = Min 

2.0 

1.3 


V 

V 1L Logical "0" Input Voltage 

V cc = 14.0V 


1.3 

0.7 

V 

V cc = Min 


1.3 

0.7 

V 

V OH Logical "1" Output Voltage 

V IN = 0.7V 

V cc = 14.0V, l OUT =-200pA 

11.8 

12.0 


V 

Vcc = Min, Iqut = 200/jA 

14.5 

15.0 


V 

[ V, N = 0V, V cc = Min, l OUT = -5.0pA (Note 6) 




V 

V OL Logical "0" Output Voltage 

V IN = 2.0V 

Vcc ~ 14.0V, Iout “ 12 mA 


0.5 

1.0 

V 

Vcc = Min, Iout = 3.6 mA 


0.2 

0.4 

V 

l IH Logical "1" Input Current 

V| N = 2.4V 

V cc = 14.0V 


<1 

20 

PA 

V cc = Max 


<1 

10 

PA 

Vin = 5.5V 

V cc = 14.0V 


<1 

100 

PA 

V cc = Max 


' <1 

100 

PA 

l| L 1 Logical "0" Input Current 

V IN = 0.4V 

V cc = 14-OV 


-320 

-500 

PA 

Vcc = Max 


-100 

-180 

PA 

l sc Output Short Circuit Current 

Vqut = OV 
(Note 4) 

V cc = 14.0V 

-10 

-25 

-50 

mA 

V cc = Max 

-3 

-8 

-15 

mA 

l CCH Supply Current — Logical "1" 

(Each Inverter) 

V, N =0V 

V cc = 14.0V 


0.32 

0.50 

mA 

V cc = Max 


0.11 

0.16 

mA 

Iccl . Supply Current — Logical “0" 

(Each Inverter) 

V IN = 5.25V 

V cc = 14.0V 


1.0 

1.5 

mA 

V cc = Max 


0.3 

0.5 

mA 

Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 

PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

tpdO Propagation Delay to a Logical "0" 

from Input to Output 


V cc = 5.0V (Figure 2) 


27 

45 

ns 

Vcc = 14.0V (Figure 1) 


11 

20 

ns 

tpdi Propagation Delay to a Logical "1" 

from Input to Output 

T A = 25°C 

V cc = 5.0V (Figure 2), (Note 5) 


79 

100 

ns 

Vcc = 14.0V (Figure 1) 


34 

55 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS78L12 and across the 0°C to 
+70°C range for the DS88L12. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5; t pc jl for V^c = 5.0V is dependent upon the resistance and capacitance used. 

Note 6 : Vqh = V CC -1.1V for the DS88L12 and V cc - 1.4V for the DS78L12. 
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National 

Semiconductor 


Level Translators/Buffers 


DS7819/DS8819 Quad 2-Input TTL-MOS AND Gate 


The DS7819/DS8819 is the high output voltage 
version of the SN5409. Its open-collector outputs 
may be "pulled-up" to 14V in the logical "1" 


state thus providing guaranteed interface between 
TTL and MOS logic levels. 


Schematic and Connection Diagrams 




M 2 3 « 5 6 7 


Order Number DS7819J or DS8819J 
Order Number DS8819N 
Order Number DS7819W 
See NS Package J14A, N14A or W14A 
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DS7819/DS8819 


Absolute Maximum Ratings (Note d Operating Conditions 


Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 sec) 


7.0V 

Supply Voltage (Vqc> 

MIN 

MAX 

UNITS 

5.5V 

DS7819 

4.5 

5.5 

V 

15V 

— 65°C to +150°C 

DS8819 

Temperature (T A ) 

4.75 

5.25 

V 

1 254 mW 

DS7819 

-55 

+125 

°c 

1106 mW 
300° C 

DS8819 

0 

70 

°c 


‘Derate cavity package 8.36 mW/°C above 25° C; derate 
molded package 8.85 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

V C c = Min 

2.0 



V 

V|L 

Logical "0" Input Voltage 

V qq — Min 



0.8 

V 

mm 

Logical “1" Output Current 

V cc = Min 

V IN = 2.0V, V OUT = 10V 



40.0 

mA 

wm 


V !m = 4.5V, V 0UT = 14V 



1.0 

mA 

VoL 

Logical "0" Output Voltage 

V cc = Min, V 

in = 0.8V, Iqut = mA 



0.4 

V 

IlH 

Logical "1" Input Current 

M 9 x 

V IN = 2.4V 



40.0 

A A 



V IN = 5.5V 



1.0 

mA 

BB 

Logical "0" Input Current 

V cc = Max, V, N = 0.4V 



-1.6 

mA 

jja 

Logical "1" Supply Current 

V cc = Max, V IN = 5V 


11.0 

21.0 

mA 

Eli 

Logical "0" Supply Current 

V cc = Max, V IN = 0V 


20.0 

33.0 

mA 

v CL 

Input Clamp Voltage 

V cc = 5.0V, T a = 25°C, l, N = -12 mA 



-1.5 

V 

Switching Characteristics t a = 

25°C, V cc = 5V 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^pdO 

Propagation Delay to a Logical "0" 

Cqut _ 

15 pF, R l =400f2 


16.0 

24.0 

ns 

tpdl 

Propagation Delay to a Logical "1" 


16.0 

32.0 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55° C to +125°C temperature range for the DS7819 and across the 0°C to 
+70°C range for the DS8819. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 




t, M t - 10n$ 
PW= 100 ns 
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Section 5 

Display Controllers/ 
Drivers 



TEMPERATURE RANGE 
• 55 °C to + 125 °C 0°C to +70°C 

DESCRIPTION 

PAGE 

NUMBER 

— 

DP8350 

Series CRT Controllers 

5-6 


AN-199 

A Low Component Count Video Data Terminal 
Using the DP8350 CRT Controller and the 
INS8080 CPU 

5-30 

— 

AN-212 

Graphics Using the DP8350 Series of CRT 
Controllers 

5-44 

— 

AN-243 

Graphics/Alphanumerics Systems Using 
the DP8350 

5-48 

— 

AN-270 

Software Design for a High Speed (38.4 kbaud) 
Data Terminal 

5-76 

— 

DP-XXX 

Advanced Graphic CRT Controller, AGCRTC 

5-104 

— 

DS75491 

Quad Segment Driver 

5-106 

— 

DS75492 

Hex Digit Driver 

5-106 

DS55493 

DS75493 

Programmable Quad Segment Driver 

5-109 

DS55494 

DS75494 

Saturating Hex Digit Driver 

5-111 

— 

DS8654 

8-Output Display Driver 

5-113 

— 

DS8656 

Print Head Diode Array 

5-113 

— 

DS8664 

14-Digit Decoder/Driver 

5-117 

— 

DS8666 

14-Digit Decoder/Driver (POS Systems) 

5-120 

— 

DS8669 

Dual Digit, BCD-to-7-Segment LED Decoder/Driver 

5-123 

■ — 

DS8692 

8-Output, 350 mA, Transistor Array 

5-126 

— 

DS8693 

Printing Calculator Solenoid Driver 

5-126 

— 

DS8694 

Printing Calculator Solenoid Driver with Clock 

5-126 

— 

DS8859A 

Serial Input Hex Latch LED Driver (High Level) 

5-133 

— 

DS8861 

MOS, LED 5-Segment Driver 

5-136 

— 

DS8863 

MOS, LED 8-Digit Driver 

5-136 

— 

DS8867 

8-Segment LED Constant Current Driver 

5-139 

— 

DS8869A 

Serial Input, Hex Latch LED Driver (Low Level) 

5-133 

— 

DS8870 

Hex LED Digit Driver 

5-141 

— 

DS8871 

8-Digit LED Driver 

5-143 

— 

DS8872 

9-Digit LED Driver 

5-143 

_ 

DS8873 

9-Digit LED Driver, Low Battery Indicator 

5-143 

— 

DS8874 

9-Digit Shift Input LED Driver 

5-145 

— 

DS8877 

6-Digit LED Driver 

5-147 

DS7880 

DS8880 

7-Segment Decoder/Driver 

5-149 

— 

DS8881 

16-Digit Vacuum Fluorescent Grid Driver 

5-152 

— 

DS8884A 

7-Segment Decoder/Driver 

5-156 

— 

DS8885 

MOS-to-High Voltage Cathode Buffer 

5-158 

— 

DS8887 

8-Digit High Voltage Anode Driver 

5-160 

DS7889 

DS8889 

8-Segment High Voltage Cathode Driver 

5-160 

— 

DS8891A 

6-Digit High Voltage Anode Driver 

5-164 

DS7897A 

DS8897A 

8-Digit High Voltage Anode Driver (Low Level) 

5-160 

— 

DS8963 

18V DS8863 

5-136 

— 

DS8973 

9-Digit LED Driver, 5.5V, V C c 

5-166 

— 

DS8975 

9-Digit LED Driver with Low Battery Indicator 

5-166 

— 

AN-84 

Driving 7-Segment Gas Discharge Display Tubes 
with National Semiconductor Circuits 

5-169 

— 

AN-99 

Driving 7-Segment LED Displays with 
National Semiconductor Circuits 

5-173 


'Also available screened In accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s “The Reliability Handbook". 




DP8350 CRT CONTROLLER SERIES SELECTION GUIDE 


Item 

No. 

Parameter 

DP8350 

Value 

DP8352 

Value 

DP8353 

Value 

1 

2 

Character Font Size 
(Reference Only) 

Dots per Character (Width) 

(5) 

(7) 

(7) 

Scan Lines per Character (Height) 

(7) 

(9) 

(9) 

3 

4 

Character Field Cell 
Size 

Dots per Character (Width) 

7 

9 

9 

Scan Lines per Character (Height) 

10 

12 

12 

5 

Number of Video Characters per Row 

80 

32 

80 

6 

Number of Video Character Rows per Frame 

24 

16 

25 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

240 

192 

300 

8 

Frame Refresh Rate (Hz) 

fl =60 

fO = 50 

fl =60 

fO = 50 

fl =60 

fO = 50 

9 

Delay after Vertical Blank Start to Start of Vertical Sync 
(Number of Scan Lines) 

■ 

30 

27 

53 

0 

32 

10 

Vertical Sync Width (Number of Scan Lines) 

10 

10 

3 

3 

3 

3 

11 

Interval between Vertical Blank Start and Start of Video 
(Number of Scan Lines of Video Blanking) 

20 

72 

68 

120 

20 

84 

12 

Total Scan Lines per Frame (Item 7 + Item 11) 

260 

312 

260 

312 

320 

384 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

15.6 kHz 

15.6 kHz 

19.20 kHz 

14 

Number of Character Times per Scan Line 

100 

50 

102 

15 

Character Clock Rate (Item 13 x Item 14) 

1.56 MHz 

0.78 MHz 

1.9584 MHz 

16 

Character Time (1 - Item 15) 

641 ns 

1282 ns 

510.6 ns 

17 

Delay after Horizontal Blank Start to Horizontal Sync Start 
(Character Times) 

0 

6 

5 

18 

Horizontal Sync Width (Character Times) 

43 

4 

9 

19 

Dot Frequency (Item 3 x Item 15) 

10.92 MHz 

7.02 MHz 

17.6256 MHz 

20 

Dot Time (1 Item 19) 

91.6 ns 

142.4 ns 

56.7 ns 

21 

Vertical Blanking Output Stop before Start of Video 
(Number of Scan Lines) 

1 

0 

1 

22 

Cursor Enable on All Scan Lines of a Row? (Yes or No) 

Yes 

Yes 

Yes 

23 

Does the Horizontal Sync Pulse Have Serrations during 
Vertical Sync? (Yes or No) 

No 

Yes 

No 

24 

Width of Line Buffer Clock Logic “0” State within a 
Character Time (Number of Dot Time Increments) 

4 

5 

5 

25 

Serration Pulse Width, if Used (Character Times) 

- 

4 

- 

26 

Horizontal Sync Pulse Active State Logic Level (1 or 0) 

1 

0 

1 

27 

Vertical Sync Pulse Active State Logic Level (1 or 0) 

0 

0 

1 

28 

Vertical Blanking Pulse Active State Logic Level (1 or 0) 

1 

1 

1 


Video Monitor Format: Ball Brothers TV-12, TV-120 or Equivalent. (DP8350) 
Video Monitor Format: RS-1 70-Compatible (Standard American TV). (DP8352) 
Video Monitor Format: Motorola M3003 or Equivalent. (DP8353) 
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LED DISPLAY SEGMENT DRIVERS 

Drivers/ 

Package 

lo/Segment 

ImAl 

VMAX 

(V) 

Comments 

Device Number 

Page 

No. 

Sink* 

(Common 

Anode) 

Source 

(Common 

Cathode) 

Input 

Supply 

0°C to +70°C 

-55°C to +125°C 

4 


30 

10 

10 

Programmable constant current 

DS75493 

DS55493 

5-109 

4 

50 

50 

15 

10 


DS75491 


5-106 

5 

50 

50 

15 

10 


DS8861 


5-136 

6 

32 


5.5 

7 

Programmable output, active high latch 

DS8859A 


5-133 

6 

32 


5.7 

7 

Programmable output, active low latch 

DS8869A 


5-133 

8 


18 

10 

7 

Constant current output 

DS8867 


5-139 

8 


50 

36 

36 


DS8654 


5-113 

14 

25 


6.6 

7 

BCD input, dual-display driver 

DS8669 


5-123 

* Digit drivers with output sink capability may be used to drive segments of "common anode" displays 








LED DISPLAY DIGIT DRIVERS 





lO /Digit 

.. 








VMAX 





Drivers/ 

Sink 

Source 

(V) 

Comments 

Device Number 

Page 

PdcKdQe 

(Common 

(Common 




0°C to +70°C 

-55° C to +125°C 

No. 


Cathode) 

Anode) 







4 


50 

10 

10 


DS75491 


5-106 

6 

50 


10 

10 

DS75492 pinout, 4.5V to 9V systems 

DS887.7 


5-147 

6 

150 


10 

10 

Enable control 

DS75494 

DS55494 

5-111 

6 

250 


10 

10 


DS75492 


5-106 

6 

350 


10 

10 

DS75492 pinout, Darlington output 

DS8870 


5-141 

8 

40 


11 

11 


DS8871 


5-143 

8 

350 


25 

25 

Open-collector saturating outputs 

DS8692 


5-126 

8 

500 


15 

10 


DS8863 


5-136 


500 


23 

18 


DS8963 


5-136 



50 

36 

36 


DS8654 


5-113 

9 

40 


11 

11 


DS8872 


5-143 


40 


11 

11 

Low battery indicator 

DS8873 


5-143 


50 


10 

10 

Serial shift register input 

DS8874 


5-145 


100 


10 

10 

3-cell operation— low battery indicator 

DS8973 


5-166 


100 


10 

10 

No low battery indicator 

DS8975 


5-166 

10 

400 


9.5 

45 

Serial input 

DS3654 


3-29 

14 

80 


10 

10 

On-board osc., 4 line code input, low battery 

DS8664 


5-117 






indicator 





80 

13 

10 

10 

6 sink, 8 source outputs 

DS8666 


5-120 











Device 

Type 


Ground driver 
(segments) 
Anode driver 
(digit) 


VACUUM FLUORESCENT DISPLAY DRIVERS 


Drivers/ 

Package 


8 I 7-segment plus DP 


4 line BCD input 


Devic e Number Page 

-55°C to +125° C No. 



DS8654 

DS8881 


PRINTER DRIVERS 



5-5 


Selection Guide 




































DP8350 Series 


Semiconductor 


Display Controllers/Drivers 


DP8350 Series CRT Controllers 


General Description 

The DP8350 Series of CRT Controllers are single-chip 
bipolar (l 2 L technology) circuits In a 40-pin package. They 
are designed to be dedicated CRT display refresh cir- 
cuits. Three standard products are available, designated 
DP8350, DP8352, DP8353. Custom devices, however, are 
available in a broad range of mask programmable options. 

The CRT Controller (CRTC) provides an internal dot rate 
crystal controlled oscillator for ease of system design. 
For systems where a dot rate clock is already provided, 
an external clock may be inputted to the CRTC. In either 
case system synchronization Is made possible with the 
use of the buffered Dot Rate Clock Output. 

The DP8350 Series has 11 character generation related 
timing outputs. These outputs are compatible for sys- 
tems with or without line buffers, using character ROMs, 
or DM86S64-type latch/ROM/shift register circuits. 

12 bits (4k) of bidirectional TRI-STATE® character mem- 
ory addresses are provided by the CRTC for direct inter- 
face to character memory. 

Three on-chip registers provide for external loading of the 
row starting address, cursor address, and top-of-page 
address. 

A complete set of video outputs is available Including 
cursor enable, vertical blanking, horizontal sync, and 
vertical sync. 

The DP8350 Series CRTC provides for a wide range of 
programmablility using internal mask programmable 
ROMs: 

TRI-STATE Is a registered trademark of National Semiconductor Corp. 


Connection Diagram 


REGISTER SELECT B 
VERTICAL BUNKING 


• Character Field (both number of dots/character and 
number of scan lines/character) 

• Characters per Row 

• Character Rows per Video Frame 

• Format of Video Outputs 

The CRTC also provides system sync and program inputs 
including Refresh Control, Reset, and Address Mode. 

Features 

■ Internal crystal controlled dot rate oscillator 

■ External dot rate clock input 

■ Buffered dot rate clock output 

■ Timing pulses for character generation 

■ Character memory address outputs (12 bits) 

■ Internal cursor address register 

■ Internal row starting address register 

■ Interna! top-of-page address register (for scrolling) 

■ Programmable horizontal and vertical sync outputs 

■ Programmable cursor enable output 

■ Programmable vertical blanking output 

■ 2 programmable refresh rates, pin selectable 

■ Programmable characters/row (128 max.) 

■ Progammable character field size (up to 16 dots x 16 
scan line field size) 

■ Programmable scan lines/frame (512 max.) 

■ Programmable character rows/frame 

■ Single +5V power supply 

■ Inputs and outputs TTL compatible 

■ Direct interface with DM86S64 character generator 

■ Ease of system design/application 


Vcc (+5 V) 
REGISTER SELECT A 


RAM ADDRESS ENABLE 


LINE I LC 2 
COUNTER < 
OUTPUTS I LCl 

{ LCo 

CLEAR LINE COUNTER 
ADDRESS MODE 
LINE BUFFER 
RECIRCULATE ENABLE 
LINE RATE CLOCK 
HORIZONTAL SYNC 
RESIT 

LINE BUFFER CLOCK 
EXTERNAL CHAR/ 
LINE CLOCK 
L5A0 VIDEO SHIFT REGISTER 


in DP 8350 31 

DP 8352 

11 DP 8353 30 


^ RAM ADDRESS 
ic l COUNTER 
3 /OUTPUTS/ 

A6 ( REGISTER 
. 1 INPUTS 


All J 

LATCH CHARACTER 
GENERATOR ADDRESS 
DOT RATE CLOCK 

XI ) CRYSTAL 
} OSCILLATOR 
X2 I INPUTS 


Order Number DP8350N, DP8352N or DP8353N 
See NS Package N40A 





Block Diagram 


LINE BUFFER 
RECIRCULATE 
ENABLE 


REGISTER ADDRESS INPUTS 

mm 



TIMING AND CONTROL LOGIC 


IBM 
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The Video Display 

Discussion of the CRT Controller necessitates an under- 
standing of the video display as presented by a raster 
scan monitor. The resolution of the data displayed on the 
monitor screen is a function of the dot size. As shown in 
Figure 1, the dot size is determined by the frequency of 
the system dot clock. The visible size of the dot can be 
modified to less than 100% by external gating of the 
serial video data. The CRT Controller organizes the dots 


into ceil groupings that define video rows. These cells 
are accessed by a specific horizontal address output 
(4096 maximum) and are resolved by a row scan-line- 
counter output (16 maximum) as shown in Figure 2. The 
relation of the video portion of a frame to the horizontal 
blanking and vertical blanking intervals is shown in 
Figure 3 in a two-dimensional format. 


SYSTEM 
DOT CLOCK 


jinnjwLRnjiJinjL 


SERIAL VIDEO DATA 
INPUTED TO MONITOR 


-VISIBLE INTENSIFIED DOT 


GATED DOT PROVIDES SPACE 
BETWEEN CONSECUTIVE DOTS 


Figure 1. Dot Definition 


SCAN LINE (ELECTRON BEAM TRACE) 

\ ADDRESS HHH 


BEGINNING 
OF FRAME 


BEGINNING/ 
OF ROWS 




TYPICAL POSITION 
OF HORIZONTAL 
RETRACE 



TYPICAL POSITION 
OF VERTICAL 
RETRACE 


Figure 2. Character Cell Definition 

(Example Shown is a 7 x 10 Character Cell) 


Figure 3. Frame Format Definition 
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Character Generation/Timing Outputs 


of video characters per row. For custom requirements, 
the duty cycle of this output is mask programmable. 

Line Buffer Recirculate Enable: This output is provided 
to control the input loading mode of the data shift regis- 
ter (line buffer) when used in a system design. The format 
of this output is intended for shift registers that load ex- 
ternal data into the input with the mode control in the 
low state, and load output data into the input (recircu- 
late) with the mode control in the high state. This output 
will transition to the low state, synchronous with the line 
rate clock falling edge, for one complete scan line of each 
row. The position of this scan line will either be the first 
scan line of the addressed row, or the last scan line of 
the previous row depending upon the logic level of the 
address mode input (pin 11), tabulated in Table 3. 


The CRT controller provides 11 interface timing outputs 
for line buffers, character generator ROMs, DM86S64- 
type latch/ROM/shift register combination character 
generators, and system status timing. All outputs are 
buffered to provide TTL compatible direct interface to 
popular system circuits such as: 

• DM86S64 Series Character Generators 

• MM52116 Series Character ROMs 

• DM74166 Dot Shift Register 

• MM5034, MM5035 Octal 80-Bit Shift Registers (Line 
Buffers) 

Dot Rate Clock: This output is provided for use in 
system synchronization and interface to the dot shift 
register used in character generation. This output is 
non-inverting with respect to an external clock applied 
to the XI oscillator input (see Figure 6). The dot rate 
clock output exhibits a 50% duty cycle. All CRTC output 
logic transitions are synchronous with the rising edge of 
the Dot Rate Clock output. 

Latch Character Generator Address (Character Rate 
Clock): This output provides an active clock pulse at 
character rate frequency which is active at all times. 
The rising edge of this pulse is synchronous with the 
beginning of each character cell. This output is in- 
tended for direct interface to character/video genera-, 
tion data latch registers. 

Line Rate Clock: This output provides an active clock 
pulse at scan-line rate frequency (horizontal frequency), 
which is active at all times. The falling edge of this pulse 
is synchronous with the beginning of horizontal blanking. 
This output is intended for direct interface to character 
generation scan line counters. 

Load Video Shift Register: This output provides a char- 
acter rate signal intended for direct interface to the video 
dot shift register used in character generation. Active low 
pulses are outputted only during video time. As a result 
of the inactive time, horizontal and vertical video blank- 
ing can be derived from this output signal. 

Clear Line Counter: This output signal is active only 
during the first scan line of all rows. It exhibits an active 
low pulse identical and synchronous to the Line Rate 
Clock and is provided for direct interface to character 
generation scan line counters. 

Line Counter Outputs (LC 0 to LC 3 ): These outputs clock 
at line rate frequency, synchronous with the falling edge 
of the line rate clock, and provide a consecutive binary 
count for each scan line within a row. These outputs are 
provided for system designs that require decoded infor- 
mation indicating the present scan line position within a 
row. These outputs are always active, however, the next 
to the last row during vertical blanking will exhibit an in- 
valid line count as a function of internal frame synchro- 
nization. 

Line Buffer Clock: This output directly interfaces to data 
shift registers when they are incorporated as line buffers 
in a system design (see Figure 16). This signal is active at 
character rate frequency and is intended for shift regis- 
ters that shift on a falling edge clock. This output is inac- 
tive during all horizontal blanking intervals yielding the 
number of active clocks per scan line equal to the number 


Memory Address Outputs/Inputs and Registers 

Address Outputs (Ag-A^): These 12 address bits (4k) 
are bi-directional TRI-STATE® outputs that directly inter- 
face to the system RAM memory address bus. 

In the output mode (enabled), these outputs will exhibit 
a specific 12-bit address for each video character cell to 
be displayed on the CRT screen. This 12-bit address 
increments sequentially at character rate frequency 
and is valid at the address bus 2 character times prior to 
the addressed character appearing as video on the CRT 
screen. This pipelining by 2 characters is provided to 
allow sufficient time for first, accessing the RAM mem- 
ory, and second, accessing the character generation 
memory with the RAM memory data. Since a character 
cell is comprised of several scan lines of the CRT beam, 
the sequential address output string for a given video 
row is identically repeated for each scan line within the 
row. The starting address for each video scan line is 
stored within an internal 12-bit register called the Row 
Start Register. At the beginning of each video scan line, 
the internal address counter logic is preset with the 
contents of the Row Start Register (see Figure 4). To 
accomplish row by row sequential addressing, internal 
logic updates the Row Start Register at the beginning of 
the first scan line of a video row with the last address + 1 
of the last scan line of the previous video row. Since the 
number of address locations on the video screen display 
is typically much less than the 4k dimension of the 12-bit 
address bus, an internal 12-bit register called the Top Of 
Page Register, contains the starting address of the.first 
video row. Internal logic loads the contents of this top 
of page register into the Row Start Register at the begin- 
ning of the first scan line of the first video row. The Top 
Of Page Register is loaded with address zero whenever 
the Reset input is pulsed to the logic "0” state. 


In the input mode (disabled), external addresses can be 
loaded into the internal 12-bit registers by external con- 
trol o f the register select A, register select B, and register 
load inputs (see Table 1). As a result of specific external 
loading of the contents of the Row Start Register, Top 
Of Page Register, and the Cursor Register, row by row 
page scrolling, non-sequential row control, and cursor 
location control, can easily be accomplished. 



5-9 


DP8350 Series 




DP8350 Series 


During the non-video intervals, the address output oper- 
ation is modified. During all horizontal blanking intervals, 
the incrementing of the address counter is inhibited and 
the address count is held constant at the last video ad- 
dress + 1 . For example, if a video row has an 80 character 
cell format and addressing for the video portion of a 
given scan line starts at address 1, the address counter 
will increment up through address 81. Address 81 is 
held constant during the horizontal blanking interval 
until 3 character times before the next video scan line. 
At this point, the address counter is internally loaded 
with the contents of the Row Start Register which may 
contain address 1 or 81 as a function of internal control, 
or a new address that was loaded from the external bus. 
During vertical blanking, however, this loading of the 
internal address counter with the contents of the Row 
Start Register is inhibited providing scan line by scan 
line sequential address incrementing. This allows mini- 
mum access time to the CRTC when the address counter 
outputs are being used for dynamic RAM refresh. 

RAM Address Enable Input: At all times the status of 
the bi-directional address outputs is controlled exter- 
nally by the logic level of the enable input. A ‘low’ logic 
level at this input places the address outputs in the TRI- 
STATE® (disabled) input mode. A ‘high’ logic level at 
this input places the address outputs in the active (en- 
abled) output mode. 

Register Load/Select Inputs: When the Register Load 
input is pulsed to the logic ‘low’ state, the Top Of Page, 
Row Start, or Cursor Register will be loaded with a 12-bit 
address which originates from either the internal address 
counter or the external address bus (refer to discussion 
on register loading constraints). The destination register 
is selected prior to the load pulse by setting the register 
select inputs to the appropriate state as defined in 
Table 1. 


Table 1. Register Load Truth Table 


Register 
Select A 
(Pin 39) 

Register 
Select B 
(Pin 1) 

Register 
Load Input 
(Pin 38) 

Register Loading 
Destination 

0 

0 

0 

No Select 

0 

1 

0 

Top-of-Page 

1 

0 

0 

Row-Start* 

1 

1 

0 

Cursor 

X 

X 

1 

No Load 

•During the vertical blanking interval, a load to this regis- 
ter is internally routed to the Top-Of-Page register. 


Internal Registers and Loading Constraints: There are 3 
internal 12-bit registers that facilitate video screen 
management with respect to row-by-row page scrolling, 
non-sequential row control and cursor location. These 
registers can be loaded with addresses from the exter- 
nal address bus while the address outputs are disabled 
(RAM address enable inut in the low state), by control- 
ling the register select and load inputs within the con- 
straints of each register. 


The Row-Start Register (RSR) holds the starting address 
for each scan line of the video portion of a frame. The 
video addressing format is completely determined by the 
contents of this register. With no external loading, the 
RSR is automatically loaded by internal control such 
that row-by-row sequential addressing is achieved. Re- 
ferring to Figure 4, the RSR is loaded automatically once 
for each video row during the first addressed scan line. 
The source of the loaded address is internally controlled 
such that the RSR load for the first video row comes from 
the Top-Of-Page Register. The RSR load for all subse- 
quent video rows comes from the address counter which 
holds the last displayed address + 1. If no'h-sequential 
row formatting is desired, the RSR can be loaded exter- 
nally with a 12-bit address. However, this external load 
must be made prior to the internal automatic load. Gen- 
erally speaking, the external load to the RSR should be 
made during the video domain of the last addressed scan 
line of the previous row. Figure 4 indicates the internal 
automatic loading intervals which must be avoided, if the 
load must be made during the horizontal blanking inter- 
val. Once an external address has been loaded to the 
RSR, the next occurring internal automatic RSR load will 
be inhibited by internal detection logic. If an external 
load is made to the RSR during the vertical blanking 
interval, the 12-bit address is loaded into the Top-Of- 
Page Register instead of the RSR as a result of Internal 
control. This internal function is performed due to the 
fact that the address loaded into the RSR for the first 
video row can only come from the Top-Of-Page Register. 

The Top-Of-Page register (TOPR) holds the address of the 
first character of the first video row. As a function of 
internal control the contents of this register are loaded 
into the RSR at the beginning of the first addressed 
scan line of the first video row (see Figure 4). This 
loading operation is strictly a function of internal 
control and cannot be overridden by an external load to 
the RSR. For this reason, any external load to the RSR 
during the vertical blanking interval is interpreted 
internally as a TOPR load. When the Reset input is 
pulsed to the logic “0” state, the TOPR register is 
loaded with address zero by internal control. This yields 
a video page display with the first row of sequential 
addressing beginning at zero. Page scrolling can be 
accomplished by externally loading a new address into 
the TOPR. This loading operation can be performed at 
any time during the frame prior to the interval where the 
TOPR is loaded automatically into the RSR (see Figure 
4). Once the TOPR has been loaded, it does not have to 
be accessed again until the contents are to be modified. 

The Cursor Register (OR) holds the present address of 
the cursor location. A true comparison of the address 
counter outputs and the contents of the CR results in a 
Cursor Enable output signal delayed by two character 
times. When the Reset input is pulsed to the logic “0” 
state, the contents of the CR are set to address zero by 
internal control. Modifying the contents of the CR is 
accomplished by external loading at any time during 
this frame. Typically, loading is performed only during 
intervals when the address outputs are not actively 
controlling the video display. Once the CR has been 
loaded, it does not have to be accessed again until the 
contents are to be modified. 
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First Addressed Scan Line of a Video Row 


LINE BUFFER 
RECIRCULATE 
ENABLE OUTPUT 


A 


7 


-HORIZONTAL BLANKING- 


SCAN LINE Z/////////////l 
DOMAINS "/////////////j 


RSR 

A 

WMMmMmMMA 




1 

t 

Ll 
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2nd Through Last Addressed Scan Lines of a Video Row 


LINE BUFFER 
RECIRCULATE 
ENABLE OUTPUT 


X 


-HORIZONTAL BLANKING- 


- VIDEO- 


SCAN LINE /////////,,,,. 
DOMAINS Z/////////////\ 


Note 1: Dimensions "are in character time intervals. 

Note 2: “A” denotes the interval that the address counter is 
preset with the contents of the Row Start Register. 

Note 3: “RSR” denotes the interval that the Row Start Register 
is internally loaded with either the contents of the Top-Of-Page 
Register (1st video row) or the last video address + 1 from the 
address counter. 

Figure 4. Automatic Internal Loading Intervals 


Video-Related Outputs 

Horizontal Sync: This output provides the necessary 
scan line rate sync signal for direct interface to either 
three-terminal or composite sync monitors. The pulse 
width, position, and logic polarity are mask program- 
mable, in character time increments, for custom require- 
ments. This output may also be mask programmed to 
have RS-170 compatible serration pulses during theverti- 
cal sync interval (refer to DP8352 format and Figure 15). 

Vertical Sync: This output provides the necessary frame 
rate sync signal for direct interface to either three-terminal 
or composite sync monitors. The pulse width, position, 
and logic polarity are mask programmable, in scan line 
increments, for custom requirements. 

Cursor Enable: This output provides a signal that is in- 
tended to be combined with the video signal to display a 
cursor attribute which serves as a visual pointer for video 
RAM location. Internally, the 12-bit address count is 
continuously being compared with the 12-bit address 
stored in the Cursor Register. When a true compare is 
detected, an active high level signal will be present at 
the Cursor Enable output, delayed by 2 character times 
after the corresponding address bus output. The signal 


is delayed by 2 character times so that it will be coinci- 
dent with the video information resulting from the cor- 
responding address. Mask programmability allows the 
cursor enable output signal to be formatted such that a 
signal will be outputted for all addressed scan lines of a 
video character cell or any single scan line of that cell. 
The cursor enable output signal is inhibited during the 
horizontal and vertical blanking intervals so that video 
blanking is maintained. When the addressing is ad- 
vanced by setting the address mode input (pin 1 1) in the 
logic "0” state, the cursor enable signal will also be 
shifted with respect to the scan line count. Specifically, 
for a character cell with the cursor output active on all 
addressed scan lines of the cell, the first scan line of 
the cursor signal will occur at the last scan line count of 
the previous video row, and the last scan line count of 
the addressed character cell will have no cursor output 
signal. This mode of operation gives rise to a unique 
situation for the first video row where the first addressed 
scan line of a character cell has no cursor output signal 
since its advanced scan line position is inhibited by the 
vertical blanking interval. 
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CRT System Control Functions 

Refresh Control Input: This input provides a logic level 
selectable CRT system refresh rate. Typically, this input 
will select either a 60 Hz or 50 Hz refresh rate to provide 
geographical marketing flexibility. However, mask pro- 
grammability provides the capability of a wide range of 
frequencies for custom requirements. For definition of 
the input logic truth table and the refresh rate format, 
refer to Table 2 and the standard device type format 
tables. 


Table 2. Refresh Rate Select Truth Table 


Refresh Control 
(Pin 3) 
Logic Level 

Frame Refresh Rate 

Symbol 

DP8350 

DP8352 

DP8353 

1 

fl 

60 Hz 

60 Hz 

60 Hz 

0 

fO 

50 Hz 

50 Hz 

50 Hz 


Vertical Blanking Output: This output provides a signal 
that transitions at the end of the last video scan line of 
the last video row and indicates the beginning of the 
vertical blanking interval. This signal transitions back to 
the inactive state during the row of scan lines just prior 
to the first video row. The transition position within this 
last row of vertical blanking, as well as the active logic 
polarity, is a function of the particular device format 
(item 21 of the format tables) or is mask programmable 
for custom requirements. 

Address Mode: When a system utilizes a line buffer shift 
register, the first scan line of addressing for a row is used 
to load the shift register. As a result of this loading 
operation, addressing for a particular row will not begin 
accessing the video RAM until the second scan line of 
addressing for the row. It also follows that the first scan 
line of a row can only exhibit addressed data for the pre- 
vious video row that is in the shift register. This offset in 
addressing becomes a problem for character generation 
designs that output video on the first scan line of a row 
(with respect to the line counter outputs). The result is 
invalid data being displayed for the first scan line. One 
solution would be to utilize a Character generation de- 
sign that began outputting video on the second scan line 
of a row. However, since most single chip character 
generators begin video on the first scan line, the DP8350 
series CRT controller provides a pin selectable advanced 
addressing mode which will compensate for addressing 
shifts resulting from shift register loading. Referring to 
Table 3, a high logic level at this input will cause address- 
ing to be coincident with the scan line counter positions 
of a row, and a low logic level at this input will cause 
addressing to start on the last scan line counter position 
of the previous row. This shifted alignment of the ad- 
dressing, with respect to the designated scan lines of a 
row, is diagrammed in Figure 5. Characteristically, it fol- 
lows that, when addressing is advanced by one scan line, 
the Line Buffer Recirculate Enable output and the Cursor 
Enable output are also advanced by one scan line. This 
advanced position of the Cursor Enable output may 
deserve special consideration depending upon the sys- 
tem design. 


Table 3. Address Mode Truth Table 


Address Mode 
Input (Pin 11) 

(Logic Level) 

New Row Addressing At Address 
Outputs and Line Buffer Recirculate 
Enable Logic Low Level 

(Scan Line Position) 

0 

Last scan line of previous row 

1 

First scan line of row 


Full/Half Row Control: This control input is provided 
for applications that require the option of half-page ad- 
dressing. As an example, if the normal video page format 
is 80 characters/row by 24 rows, setting this input to the 
logic “0” state will cause the video format to become 
evenly spaced at 80 characters/row by 12 rows. Specifi- 
cally, when this input is in the logic “0” state, row ad- 
dressing is repeated for every other row. This yields suc- 
cessive groups of two rows of identical addressing. The 
second row of addressing, however, has the Load Video 
Shift Register output and the Cursor Enable output inter- 
nally inhibited to provide the necessary video blanking. 
Setting this input to the logic “1” state yields normal 
frame addressing. 


External Character/Line Rate Clock: This input is in- 
tended to aid testing of the CRTC and is not meant to be 
used as an active input in a CRT system. When this 
input is left open, it is guaranteed not to interfere with 
normal operation. 

Reset Input: This input is provided for power-up syn- 
chronization. When brought to the logic “0” state, device 
operation is halted. Internal logic is set at the beginning 
of vertical blanking, and the Top-Of-Page Register and 
the Cursor Register are loaded with address zero. When 
this input returns to the logic "1” state, device operation 
resumes at the vertical blanking interval followed by 
video addressing which begins at zero. This input has 
hysteresis and may be connected through a resistor to 
V C c and through a capacitor to ground to accomplish a 
power-up Reset. The logic "0” state should be main- 
tained for a minimum of 250ns. 
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Figure 5. Address Mode Functionality 
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Crystal Inputs XI and X2: The “Pierce”-type oscillator 
is controlled by an external crystal providing parallel 
resonant operation. Connection of external bias.compo- 
nents is made to pin 22 (XI) and pin 21 (X2) as shown in 
Figure 6. It is important that the crystal be mounted in 
close proximity to the XI and X2 pins to ensure that 
printed circuit trace lengths are kept to an absolute mini- 
mum. Typical specifications for the crystal are shown in 
Table 4 for each of the standard products, DP8350, 
DP8352, and DP8353. When customer mask options re- 
quire higher frequencies, it may be necessary to change 
the crystal specifications and biasing components. If 
the CRTC is to be clocked by an external system dot 
clock, pin 22 (XI) should be driven directly by Schottky 
family logic while pin 21 (X2) is left open. The typical 
threshold for pin 22 (XI) is V cc /2. 


Table 4. Typical Crystal Specifications 


Parameter 

Specification 

DP8350 DP8352 DP8353 

Type 

At-Cut 

Frequency 

10.92MHz | 7.02MHz | 17.6256MHz 

Tolerance 

0.005% at 25 °C 

Stability 

0.01% from 0°Cto +70 °C 

Resonance 

Fundamental, Parallel 

Maximum Series 
Resistance 

50Q 

Load 

Capacitance 

20 pF 


Vcc 



Figure 6. Dot Clock Oscillator Configuration with 
Typical External Bias Circuitry Shown 


Custom Order Mask Programmability: The DP8350 
Series CRT controller is available in three standard op- 
tions designated DP8350, DP8352, and DP8353. The 
functional format of these devices was selected to meet 
the typical needs of CRT terminal designs. In order to 
accommodate specific customer formats, the DP8350 
series CRT controller is mask programmable with a 
diverse range of options available. The items listed in 
the program table worksheet indicate the available 
options, while Table 5 tabulates the programming con- 
straints. 


Table 5. Mask Programming Limitations 


Desig- 

nation 

Parameter 

Min. Max. 
Value Value 

f DOT 

Dot Rate Frequency 

DC 30 MHz 

fcHAR 

Character Rate Frequency 

DC 2.5 MHz 

— 

Line Buffer Clock Logic “0” 
Width (Item 20 x Item 24) 

200 ns 

Item 3 

Dots per Character Field 
Width 

4 16 

item 4 

Scan Lines per Character 
Field 

2 16 

Item 12 

Scan Lines per Frame 

512 

Item 14 

Character Times Video 

5 122 

per Row Blanking 

6 TS3 

Item 11 

Scan Lines per Vertical 
Blanking 

(Item 4) 
+ 2 

If the cursor enable output, Item 22, is active on only one 
line of a character row, then Item 21 value must be either 
“1” or “0” or equivalent to the line selected for the 
cursor enable output. 
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DP8350 Series Custom Order Format Table 

This table is provided as a worksheet to aid in determining the programmed configuration for custom mask options. Refer 
to Table 5 for a list of programming limitations. 


Character Font Size 
(Reference Only) 


Character Field Block Size 


Dots per Character (Width) 


Scan Lines per Character (Height) 


Dots per Character (Width) 


Scan Line per Character (Height) 


5 Number of Video Characters per Row 


6 Number of Video Character Rows per Frame 


Number of Video Scan Lines (Item 4x Item 6) 


8 Frame Refresh Rate (Hz) (two pin selectable frequencies allowed) (Item 13 Item 12) f1= 


9 Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 


10 Vertical Sync Width (Number of Scan Lines) 


Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 


12. Total Scan Lines per Frame (Item 7 + Item 11) 


13 Horizontal Scan Frequency (Line Rate) (kHz) (Item 8 x Item 12) 


14. Number of Character Times per Scan Line 


15 Character Clock Rate (MHz) (Item 13 x Item 14) 


16 Character Time (ns) (1 + Item 15) 


17 Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 


18 Horizontal Sync Width (Character Times) 


19 Dot Frequency (MHz) (Item 3 x Item 15) 


20 Dot Time (ns) (1 + Item 19) 


21 Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 
(Range = Item 4 - 1 line to 0 lines) 


22 Cursor Enable on all Scan Lines of a Row? (Yes or No) If not, which Line? 


23 Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 


24 Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) (Typically Vi Item 3 rounded up) 


25 Serration Pulse Width, if used (Character Times) (See Figure 13) 


26 Horizontal Sync Pulse Active state logic level (1 or 0) 


27 Vertical Sync Pulse Active state logic level (1 or 0) 


28 Vertical Blanking Pulse Active state logic level (1 or 0) 


Video Monitor: Manufacturer and Model No. (For Engineering Reference) 
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Absolute Maximum Ratings (Note d 

Supply Voltage, Vcc 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 seconds) 300°C 


Operating Conditions (Note 6) 

Min. Max. 

Vqc, Supply Voltage 4.75 5.25 

Ta, Ambient Temperature 0 +70 


Electrical Characteristics v C c = 5v±5%, t a =o°c to+7o°c (Notes 2 , 3 , and 5 ) 


Parameter 

V| H 

Logic “1” Input Voltage 
All Inputs Except XI, X2 RESET 
RESET . 

V | l 

Logic “0” Input Voltage 
All Inputs Except XI, X2 

Vhys 

RESET Input Hysteresis 

Vclamp 

Input Clamp Voltage 
All Inputs Except XI, X2 

l|H 

Logic “1” Input Current 
A 0 -A 11 


All Other Inputs Except XI, X2 

IlL 

Logic "0” Input Current 
A 0~ A 11 


All Other Inputs Except XI, X2 

VoH 

Logic “1” Output Voltage 

Vol 

Logic “0” Output Voltage 


Output Short Circuit Current 

1 

Power Supply Current (Note 10) 


Conditions 



Enable Input = 0V, 

V CC = 5.25V, V| N = 5.25V 


V cc = 5.25V, V| N = 5.25V 


Enable Input = 0V, 

V cc = 5.25V, V|n = 0.5V 


V cc = 5.25V, Vin = 0.5V 


Ioh = -100pA 


| 0H = -1 mA 


l 0 L = 5mA 


V C c = 5V, V OU t = 0V (Note 4) 


V cc = 5.25 V 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power 
supply range. All typical values are forTA = 25°C and Vcc = 5.0V and are intended for reference only. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are refer- 
enced to ground, unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Electrical specifications do not apply to pin 17, external char/line clock, as this pin is used for production testing only. 

Note 6: Functional operation of device is not guaranteed when operated beyond specified operating condition limits. 

Switching Characteristics v cc = s.ov ± 5%, t a = 25 °c (Note d 


Parameter 

Load 

Circuit 

Symmetry 

Dot Rate Clock Output High 
Symmetry With Crystal Control 

1 

tpdl 

XI Input to Dot Rate Clock 
Output Positive Edge 

1 

tpdO 

XI Input to Dot Rate Clock 
Output Negative Edge 

1 

*D1 

Dot Clock to Load Video Shift 
Register Negative Edge 

1 

tD2 

Dot Clock to Load Video Shift 
Register Positive Edge 

1 

l D3 

Dot Clock to Latch Character 
Generator Positive Edge 

1 

*D4 

Dot Clock to Latch Character 
Generator Negative Edge 

1 



Typ. 

Max. 

Units 

50% -2 

50% + 1 

ns 

17 

22 

ns 

21 

26 

ns 

6.0 

10 

ns 

11 

15 

ns 

8!o 

13 

ns 

6.0 

10 

ns 
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DP8350 Series 


Switching Characteristics (contu) v cc =5.ov±5%, t a =25°c (N ote i) 


Parameter 

Load 

Circuit 

Notes 

Min. 

Typ. 

Max. 

Units 

tD2-*D3 

Latch Character Generator Positive 
Edge to Load Video Shift Register 
Positive Edge 

1 


0 

3.0 

. 

ns 

tD5 

Dot Clock to Line Buffer Clock 
Negative Edge 

1 



23 

35 

ns 

tpwi 

Line Buffer Clock Pulse Width 

1 

8,9 

N(DT) 


N(DT)+12 

ns 

*D6 

Dot Clock to Cursor Enable Output 
Transition 

1 




36 

ns 

tD7 

Dot Clock to Valid Address Output 

1 



15 

25 

ns 

t D8 0 

Latch Character Generator to Line 
Rate Clock Neg. Transition 

1 

8,10 


425 + DT 

500 + DT 

ns 

tD8, 

La'tch Character Generator to 
Line Rate Clock Pos. Transition 

1 

8,10 


300 + DT 

400 + DT 

ns 

tD9 0 

Latch Character Generator to 
Clear Line Counter Neg. Transition 

1 

8,10 


525 + DT 

700 + DT 

ns 

1D9, 

Latch Character Generator to 
Clear Line Counter Pos. Transition 

1 

8,10 


290 + DT 

400 + DT 

ns 

tD8 1 ~tD9 1 

Clear Line Counter Pos. Transition 
to Line Rate Clock Pos. Transition 

1 

10 


10 

60 

ns 

tmo 

Line Rate Clock to Line Counter 
Output Transition 

1 



60 

120 

ns 

tD1 1 

Line Rate Clock to Line Buffer 
Recirculate Enable Transition 

1 



195 

300 

ns 

*D12 

Line Rate Clock to Vertical 
Blanking Transition 

1 



160 

300 

ns 

tD13 

Line Rate Clock to Vertical Sync 
Transition 

1 



220 

300 

ns 

tpi4 

Latch Character Generator to 
Horizontal Sync Transition 

1 



96 

150 

ns 

l S1 

Register Select Set-up Before 
Register Load Negative Edge 



0 



ns 


Register Select Hold After Register 
Load Positive Edge 



0 



ns 

*S2 

Valid Address Input Set-Up Before 
Register Load Positive Edge 



250 



ns 

*H2 

Valid Address Hold Time After 
Register Load Positive Edge 



0 



ns 

tpW2 

Register Load Required Pulse Width 



150 

65 


ns 

^LZ> ^HZ 

Delay from Enable Input to Address 
Output High Impedance State from 
Logic “0” and Logic "1” 

2 



15 

30 

ns 

tzi. tZH 

Delay from Enable Input to Logic 
“0” and Logic “1” from Address 
Output High Impedance State 

2 



17 

30 

ns 

Note 7: Typical values are for Vcc = 5.0V and T A = 25'C and are meant for reference only. 
Note 8: "DT” denotes dot rate clock period time, item 20 from option format table. 

Note 9: “N” denotes value of item 24 from option format table. 

Note 10: Revised since last issue. 
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Switching Waveforms 


SYMMETRY = ^ X 100% 


tr = t| < 10 ns 
X2 (PIN 21) = OPEN 



DOT RATE CLOCK -f-1.5V -V-1.5V - 4 - 1.5V 


Figure 7. Dot Rate Clock Output Waveform Symmetry 
with Crystal Control 


DOT RATE CLOCK 



Figure 8. XI Input to Dot Rate Clock Output 
Propagation Delay 


CJ= 
_1 F 

i 

— »db|-* — 



Note 1: All measurement points are 1.5V 

Figure 9. Dot/Character Rate Timing 



LINE COUNTER 
OUTPUTS LCo-lCs 


|<—tDI4 (NOTE II 


Note 1: Actual polarity and position of the horizontal sync start and stop points is a function of the particular device format. 
Note 2: All measurement points are 1.5V. 

Figure 10. Character/Line Rate Timing 
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Switching Waveforms (cont’d) 
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Note 1: All measurement points are 1.5V. 
Note 2: t r = tf < 10ns. 

Note 3: Address enable (pin 37) = 0V. 


Figure 11. Register Select and Load Waveforms 

Timing Diagrams 


Figure 12. Address Output Enable/Disable 
Waveforms 


t" BLANKING ■ "T" TIME T" BLANKING *■ 

ir~Linrijnj^ajnj^ 

■* u 


ir 


ENABLE OUTPUT | 


rrir 


T-T--I— r i(T~ T~i r ~rfr 


~i — err 1 

L Z< U 1 


1 — — i r 1 r 1 1 — i 

i i I jjli i i„ jij i i i 


■ihi 1 

1 


Note 1: One full row before start of video the line counter is set to zero state — this provides line counter synchronization in cases 
where the number of lines in vertical blanking are not even multiples of the number of lines per row. 

Note 2: The position of the line buffer recirculate enable logic low level is a function of the logic level of the address mode input (see 
Table 3). 

Note 3: The stop point of the vertical blanking output active signal is a function of device type or custom option, and will always be 
within one row prior to video. 

Note 4: The transition start and stop points of the vertical sync output signal are a function of device type or custom option. 

Figure 14. Line/Frame Rate Functional Diagram 
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(NOTE 2) 


P = HORIZONTAL SCAN TIME PERIOD (ITEM 14 FROM PROGRAM TABLE) 

H = HORIZONTAL SYNC WIDTH (ITEM 18 FROM PROGRAM TABLE) 

S = SERRATION PULSE WIDTH (ITEM 25 FROM PROGRAM TABLE) 

T1 = P-H (MAX) 

T2 = H-1 CHARACTER TIME (MAX) 

Note 1: The vertical sync transition point is always coincident with the beginning of horizontal blanking. 

Note 2: T1 and T2 intervals represent the range of alignment offset between the vertical sync pulse and the serration pulse envelope 
and is a function of the horizontal sync position with respect to the beginning of horizontal blanking. 


Figure 15. Serration Pulse Format 
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Timing Diagrams (cont’d) 
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Note 1: The horizontal sync output start and stop point positions are a function of device type or custom option. 

Note 2: The position of the recirculate enable output logic “0” level is dependent on the state of the address mode input. When address 
mode = “0”, recirculate enable occurs on the max. line of a character row (solid line) and the address counter outputs roll over to the new 
row address at point A. When address mode=“1”, recirculate enable occurs on the first line of a character row (dashed line) and the 
address counter outputs roll over to the new row address at point B. 

Note 3: The address counter outputs clock to the address of the last character of a video row plus 1. This address is then held during 
the horizontal blanking interval until video minus three character times. At this point the outputs are modified to the contents of the 
Row Start Register (RSR). 


Figure 13. Character/Line Rate Functional Diagram 
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Figure 16. General System Block Diagram 
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Figure 17. Dot-By-Dot Graphics Block Diagram 
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DP8350 CRT Controller 


Table 6. Characteristic Format 


Item 

No. 

Parameter 


Character Font Size 

Dots per Character (Width) 

1 

(Reference Only) 

Scan Lines per Character (Height) 

■ 

Character Field Cell Size 

Dots per Character (Width) 

1 

Scan Line per Character (Height) 

5 

Number of Video Characters per Row 

6 

Number of Video Character Rows per Frame 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

8 

Frame Refresh Rate (Hz) 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

10 

Vertical Sync Width (Number of Scan Lines) 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

12 

Total Scan Lines per Frame (Item 7 + Item 11) 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

14 

Number of Character Times per Scan Line 

15 

Character Clock Rate (Item 13 x Item 14) 

16 

Character Time (1 ■+■ Item 15) 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

18 

Horizontal Sync Width (Character Times) 

19 

Dot Frequency (Item 3 x Item 15) 

20 

Dot Time (1 + Item 19) 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

24 

Width oMJne Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) 

25 

Serration Pulse Width, if used (Character Times) 

.26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 


Video Monitor Format: Ball Brothers TV-12, TV-120 or Equivalent. 
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Figure 18. DP8350 Video Character Signals 
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DP8352 CRT Controller 


Table 7. Characteristic Format 


Item 

No. 

Parameter 

Value 

1 

Character Font Size 

Dots per Character (Width) 

(7) 


(Reference Only) 

Scan Lines per Character (Height) 

(9) 


Character Field Cell Size 

Dots per Character (Width) 

9 

■ 

Scan Line per Character (Height) 

12 

5 

Number of Video Characters per Row 

32 

6 

Number of Video Character Rows per Frame 

16 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

192 

8 

Frame Refresh Rate (Hz) 

fl =60 

o 

in 

II 

o 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

27 

53 

10 

Vertical Sync Width (Number of Scan Lines) 

3 

3 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

68 

120 

12 

; 

Total Scan Lines per Frame (Item 7 + Item 11) 

260 

312 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

15.6 kHz 

14 

Number of Character Times per Scan Line 

50 

15 

Character Clock Rate (Item 13 x Item 14) 

0.78 MHz 

16 

Character Time (1 ■+• Item 15) 

1282ns 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

6 

18 

Horizontal Sync Width (Character Times) 

4 

19 

Dot Frequency (Item 3 x Item 15) 

7.02 MHz 

20 

Dot Time (1 ■+■ Item 19) 

142.4 ns 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

0 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) 

Yes 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

Yes 

24 

Width of Line Buffer Clock logic “0" state within a Character Time 
(Number of Dot Time increments) 

5 

25 

Serration Pulse Width, if used (Character Times) 

4 

26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

0 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

0 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 

1 


Video Monitor Format: RS-170-Compatible (Standard American TV). 
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DP8350 Series 



Figure 24. DP8352 60 Hz Refresh Rate Frame Signals 



Figure 25. DP8352 50 Hz Refresh Rate Frame Signals 



TYP 


Figure 26. DP8352 Serration Pulse Format 
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DP8353 CRT Controller 


Table 8. Characteristic Format 


Item 

No. 

Parameter 

Value 

1 

Character Font Size 

Dots per Character (Width) 

(7) 

2 

(Reference Only) 

Scan Lines per Character (Height) 

(9) 

3 

Character Field Cell Size 

Dots per Character (Width) 

9 

4 

Scan Line per Character (Height) 

12 

5 

Number of Video Characters per Row 

80 

6 

Number of Video Character Rows per Frame 

25 

7 

Number of Video Scan Lines (Item 4 x Item 6) 

300 

8 

Frame Refresh Rate (Hz) 

fl =60 

f0 = 50 

9 

Delay after Vertical Blank start to start of Vertical Sync (Number of Scan Lines) 

0 

32 

10 

Vertical Sync Width (Number of Scan Lines) 

3 

3 

11 

Interval between Vertical Blank start and start of Video 
(Number of Scan Lines of Video Blanking) 

20 

84 

12 

Total Scan Lines per Frame (Item 7 + Item 11) 

320 

384 

13 

Horizontal Scan Frequency (Line Rate) (Item 8 x Item 12) 

19.20 kHz 

14 

Number of Character Times per Scan Line 

102 

15 

Character Clock Rate (Item 13 x Item 14) 

1.9584 MHz 

16 

Character Time (1 + Item 15) 

510.6ns 

17 

Delay after Horizontal Blank start to Horizontal Sync start (Character Times) 

5 

18 

Horizontal Sync Width (Character Times) 

9 

19 

Dot Frequency (Item 3 x Item 15) 

17.6256 MHz 

20 

Dot Time (1 ■+■ Item 19) 

56.7 ns 

21 

Vertical Blanking Output Stop before start of Video (Number of Scan Lines) 

1 

22 

Cursor Enable on all Scan Lines of a Row? (Yes or No) 

Yes 

23 

Does the Horizontal Sync Pulse have Serrations during Vertical Sync? (Yes or No) 

. No 

24 

Width of Line Buffer Clock logic “0” state within a Character Time 
(Number of Dot Time increments) 

5 

25 

Serration Pulse Width, if used (Character Times) 

- 

26 

Horizontal Sync Pulse Active state logic level (1 or 0) 

1 

27 

Vertical Sync Pulse Active state logic level (1 or 0) 

1 

28 

Vertical Blanking Pulse Active state logic level (1 or 0) 

1 

Video Monitor Format: Motorola M3003 or Equivalent. 
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DP8350 Series 



Figure 27. DP8353 Video Character Signals 



Figure 28. DP8353 Scan Line Signals 



Figure 29. DP8353 60 Hz Refresh Rate Frame Signals 
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A Low Component Count 
Video Data Terminal Using 
the DP8350 CRT Controller 
and the INS8080 CPU 

INTRODUCTION 

The DP8350 is an I^L — LS technology integrated 
circuit, designed to provide all control signals for a 
cathode ray tube (CRT) display system. This application 
note explains a system using the DP8350 and the 
INS8080 microprocessor. The design philosophy shows 
how the DP8350 interfaces to the INS8080, completing 
the function of a video data terminal with a minimum 
component count. After reading and understanding this 
application note the reader will realize the ease and 
flexibility of designing video terminals with the DP8350*. 
To thoroughly understand this application note the 
reader must be familiar with the DP8350 and the 
IIMS8080 microprocessor. 

The video data terminal described is divided into the 
following sections, (Figure 1). 

The DP8350 CRT controller (CRTC). 

The 8080 juP system which includes ROM, RAM, 
interrupt instruction port, oscillator, and control 
support chips. 

The character generator. 

The communication element. 

The keyboard and baud rate select ports. 

THE CRTC 

The DP8350 generates all the required control and 
timing signals for displaying video information on the 
video monitor. Here is a summary of the controller's 
functions: 

Dot clock, control, and counter outputs for the 
character generator. 

Bidirectional RAM address refresh counter for 
refreshing the video RAM and allowing microproces- 
sor loading to the internal DP8350 registers. 

Direct drive horizontal and vertical sync signal 
outputs. 

Direct cursor address location output. The cursor is 
internally delayed or pipelined, allowing for the 
access time of video RAM and the character generator 
ROM, (Figure 1). 

THE CPU 

The microprocessor provides CRTC, operator, and ex- 
ternal machine control for the system. When the CRT 
controller is not actively refreshing the video RAM, 
(i.e., during vertical retrace or blank scan lines), the 
microprocessor is enabled for system housekeeping, 
(Figure 2). This method of multiplexing the RAM with 
*The DP8350 is equivalent to the INS8276 
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the CPU and the CRTC eliminates the need for line 
buffers. 

THE CHARACTER GENERATOR 

The character generator consists of 3 elements: an 
address latch to hold the input address to the character 
ROM allowing for the access time of the ROM; the 
character ROM that stores the ASCII character in a form 
for parallel to serial conversion by the shift register; 
the shift register converts the character ROMs parallel 
output to serial form. The serial output from the shift 
register is the true video output, modulating the video 
monitors electron beam which writes characters on the 
screen. All of the 3 elements of the character generator 
are combined in the DM8678, ( Figure 3). The DP8350 
CRTC provides all the control signals for the DM8678. 

THE COMMUNICATION ELEMENT 

The INS8250 is the asynchronous communication 
element (ACE) for the data terminal. The ACE allows 
the CPU portion of the data terminal communication 
with peripherals or host computers at the correct baud 
rate, (Figure 1). The ACE is programmed by the CPU to 
send and receive serial data at the standard baud rates 
from 110 to 4800 baud. The ACE, in conjunction with 
the DS1488 and DS1489 line drivers and receivers, also 
provides full RS232C synchronous communication if 
higher baud rates are desired. System communication 
speed must always be considered to insure the baud rate 
does not exceed the time required for the CPU to 
process a data byte. Asynchronous communication 
at baud rates higher than 4800 are possible by adding 
a line buffer. 

SYSTEM INITIALIZATION 

Application of the terminal's power supply resets the 
microprocessor, the communication element, and the 
CRT controller. Resetting the ACE is necessary to clear 
the interrupt. Resetting the CRTC is not absolutely 
necessary since the microprocessor loads the cursor and 
top of page registers in the initialization routine. 

Following the reset all interrupts are disabled to avoid 
unwanted interrupts from the CRTC, ACE, or I/O ports. 
Refer to the initialization routine in the flowchart. 

The stack pointer is loaded to the bottom of scratch pad 
RAM (3FFFH) for use as the register save pointer, 
( Figure 4). 

The entire RAM is written with ASCII spaces generating 
a cleared screen. After completion of the screen clear 
loop the CPU writes 000H to the cursor and the top of 
page registers in the DP8350 CRTC. The routine homes 
the cursor to the upper left corner of the screen. The 
top of page register was loaded with 000H, therefore, 
the video RAM is refreshed by the CRTC from that 
starting address to the last address on the screen of video 
RAM (1920 characters). 
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EPROM 
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The cursor is internally pipelined by the CRTC to allow for access time of the RAM and the character generator. 


FIGURE 1. Video Data Terminal Detailed Block Diagram 


Abbreviations: 

LR CLK Line rate clock 

CLC Clear line counter 

LVSR Load video shift register 

LCGA Latch character generator address 

Line CNT Line counter 

EN Enable 

VID Video 

KB INT Keyboard interrupt 

VB Vertical blanking 















CHAR NO. 1 
(000H) 


CHAR NO. 80 
(04FH) 



CRTC Hi-2 
CPU ON 


A NEW ROW START INTERRUPT 
OCCURS WHEN THE LINE COUNTER 
OUTPUTS INCREMENT TO LINE 8. 
THE DP8350 ROW START REGISTER 
IS THEN LOADED WITH THE NEXT 
STARTING ROW ADDRESS DETER- 
MINED FROM THE NEW ROW START 
LOOKUPTABLEINRAM. 


FIGURE 2. Row Start Interrupting and Multiplexing the INS8080 with the DP8350 


CLOCK 
CONTROL 
5 V 



FIGURE 3. DM8678 Character Generator Block Diagram 






The CPU is ready to perform the communication element 
(ACE) load routine. First, the baud rate divisor for the 
ACE must be determined. The baud rate select switch 
is read providing a code which corresponds to the ap- 
propriate 16-bit divisor for the ACE. This divisor 
determines the baud rate at which the ACE will com- 
municate. Any additional programming requirements 
needed for the ACE to communicate with host computer 
systems could also be done at this time. The software in 
this system does not contain any additional programming 
for the ACE. There are many programming modes 
related to the ACE. Details of these modes are beyond 
the scope of this application note. 

The row start look-up table, (Figure 5), is loaded up by a 
simple algorithm that loads and adds the data for 
referencing a row number to that row's starting address. 
The reference table, (Figure 6), is initialized next by 
direct loading. This table provides the CPU with top of 
page, bottom of page, next row load, cursor row, and 
scratch row numbers for system housekeeping. 

Finally, the new row start and vertical interrupt latches 
are cleared, (Figure 7). The register pointers are loaded 
and the CPU is forced in a wait loop with interrupts 
enabled. 

NONSEQUENTIAL ADDRESSING 

The data terminal described here was designed for 
non-sequential starting row addressing. In many systems 
sequential row addressing is used. If a character row 
consists of 10 scan lines the RAM is addressed 10 
repetitive times from 000H through 04FH, (Figure 2). 
The next row is refreshed in the same manner from 
050H to 09FH. The starting row address is sequential 
000H, 050H, 0A0H— EBOH for row numbers OH, 1H, 
2H,— 2FH, respectively. Non-sequential row addressing 
would be equivalent to 050H, 000H, 0A0H— EBOH for 
row numbers 1H, 0H,-2FH, respectively, (Figure 4). 

In conjunction with the CPU, non-sequential row 
addressing is quite easily accomplished with the DP8350 
since this is one of the features designed into the part. 
Accomplishing this task basically requires the following 
sequence of events. Assume the CRTC has finished 
writing a video row in the middle of the monitor's 
screen. This system has a 5 x 7 character font in a 7 x 10 
field, (Figure 2). At the completion of the last video 
scan line 7 the CRTC line counters continue to count 
the last 3 lines. Video is not present since the character 
is only 7 scan lines high. The blank scan lines are 7, 8, 
and 9 permitting the CRTC address outputs to be 
TRI-STATED®, allowing the CPU to run. When the line 
counter outputs increment to scan line 8 an interrupt 
signals the CPU. The interrupt occurring is the new row 
start interrupt. The interrupt routine fetches the next 
CRTC row number from the reference table (Figure 6). 
This number is converted to the new starting row 
address, explained later, and loaded to the CRTC row 
start register. The CPU finishes the routine by clearing 
the interrupt, readying itself for the next new row start 
interrupt. The entire routine takes 1 scan line of time, 
approximately 64 ps. The CRTC continues to scan 
the video RAM from that new starting address on 
for the next 7 repetitive scan lines of the next row. 
Many advantages become apparent using the non- 
sequential addressing scheme. Scrolling up or down 
with the cursor always on the screen may be done 


faster and easier from a hardware/software standpoint. 
Exchanging one row with another row is fast since 
it is not necessary to rewrite the video RAM. Row 
swapping is useful for higher end terminals requiring 
row editing functions. 


ADDRESS MAP 



FIGURE 4. RAM Organization 
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ROW 

NUMBER 



ADDRESS 

ROW 

DATA 

3 F 0 0 

3 0 

3 F 0 1 

3 0 

3 F 0 2 

3 0 

3 F 0 3 

3 0 

3 F 0 4 

3 1 

3 F 0 5 

3 1 

3 F 0 6 

3 1 

3 F 0 7 

3 2 

3 F 0 8 

3 2 

3 F 0 9 

3 2 

3 F 0 A 

3 3 

3 F 0 B 

3 3 

3 F 0 C 

3 3 

3 F 0 D 

3 4 

3 F 0 E 

3 4 

3 F 0 F 

3 4 

3 F 1 0 

3 5 

3 F 1 1 

3 5 

3 F 1 2 

3 5 

3 F 1 3 

3 5 

3 F 1 4 

3 6 

3 F 1 5 

3 6 

3 F 1 6 

3 6 

3 F 1 7 

3 7 


j NRS LOW 

ADDRESS 

ROW 

DATA 


ROW 

NUMBER 


rraarrai i 


3 F 3 0 
3 F 3 1 
3 F 3 2 
3 F 3 3 



NRS HIGH 


ROW 

DATA 


3 F 1 8 3 7 

3 F 19 3 7 

3 F 1 A 3 8 

3 F 1 B 3 8 

3 F 1 C 3 8 

3 F 1 D 3 9 

3 F 1 E 3 9 

3 F I F 3 9 

3 F 2 0 3 A 

3 F 2 1 3 A 

3 F 2 2 3 A 

3 F 2 3 3 A 

3 F 2 4 3 B 

3 F 2 5 3 B 

3 F 2 6 3 B 

3 F 2 7 3 C 

3 C 



FIGURE 5. New Row Start Look Up Table 


NRS LOW 


ADDRESS 


3 F 4 8 
3 F 4 9 


3 F 4 F 
3 F 5 0 
3 F 5 1 
3 F 5 2 
3 F 5 3 
3 F 5 4 
3 F 5 5 
3 F 5 6 
3 F 5 7 



ROW 

DATA 

8 

0 

D 

0 

2 

0 

7 

0 

C 

0 

1 

0 

6 

0 

B 

0 

0 

0 

5 

0 

A 

0 

F 

0 

4 

0 

9 

0 

E 

0 

3 

0 

8 

0 

D 

0 

2 

0 

7 

0 

C 

0 

1 

0 

6 

0 

B 

0 


FUNCTION 

ADDRESS 

DATA 

INITIALIZED 

DATA 

Last Row # ' 

3F60 

XY 

17 

8080 Row # 

3F61 

XY 

00 

First Row # 

3F62 

XY 

00 

Character # 

3F63 

XY 

00 

CRTC Row# 

3F64 

XY 

00 

Row Save # 

3F65 

XY 

00 

Temp. 1 

3F66 

XY 

00 

Temp. 2 

3F67 

XY 

00 


COMMAND 

FUNCTION 

OUT 40 

Clear new row start and vertical 

IN 80 

IN 40 

interrupt latches 

Read keyboard 

Read baud rate select switch 


FIGURE 7. Input/Output Space 


FIGURE 6. Reference Table 


DEVICE 

ADDRESS* 

. ROM 
RAM 
CRTC 
ACE 

0000 to 0FFF 
3000 to 3FFF 
5000 to 5FFF 
9000 to 9007 


*Direct device selecting was used 
to minimize the system component 
count 


ROW 

NRS HIGH 

NRS LOW | 

NUMBER 

ADDRESS 

ROW 

ADDRESS 

ROW 

DEC HEX 

DATA 

DATA 

32 2 0 

3 F 2 0 

3 A 

3 F 5 0 

0 0 


Row Start Address_ 
for Row 20H. 
3XXX Selects RAM. 
5XXX Selects CRTC. 


FIGURE 8. CPU Addressing Space 


FIGURE 9. Example From the New Row Start Look Up Table 
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ROW LOADING DETAILS 

Obtaining the next starting row address for the CRT 
controller is accomplished by an addressing and adding 
scheme from the new row start look-up table. The same 
scheme is used to determine any needed address, given 
the row number. 

Figure 9 shows a row number and address taken from 
the new row start look-up table. 

The row number is loaded from the reference table in 
RAM to a register. The CPU determines the starting 
address from the row number and stores it in a 16-bit 
pointer register. The higher order 4 bits contain address 
for the RAM or the CRT controller, (Figure 8). 

Here are the details of how this is accomplished. Refer 
to the new row start interrupt in the software listing and 
Figure 9. 

The CPU D-E registers are loaded to point to a row 
number in the reference table. The number is put in the 
accumulator and moved into the E register. The D-E 
register in this example now contains 3F20 which points 
to NRS HIGH ROW DATA (3A). The addressed data is 
moved to the accumulator and then to the H register. 
If it was desired to point to the CRTC then 20H would 
have been added to it first. The D-E register still con- 
tains 3F20H. To obtain the NRS LOW ROW DATA the 
E register is moved to the accumulator and 30H is added 
to it. Now the D-E register contains 3F50H and points 
to NRS LOW ROW DATA (00H). The data is loaded to 
the accumulator and then to the L register. The H-L 
registers contain 3A00H which is the starting row address 
for row number 20H. The method just described is used 
throughout the terminals program to move the cursor, 
load the top of page, and load the new starting row 
address in the CRTC. 

VERTICAL INTERRUPT 

The vertical interrupt occurs when the CRTC has 
completed refreshing a video page (1920 characters) 
of information. Vertical blanking identifies that condi- 
tion and interrupts the CPU forcing it to the vertical 
interrupt routine. Refer to the vertical interrupt in the 
flow chart. The' routine moves the first row number to 
the CRTC row number, updating it so the next new row 
start load occurs with the top of the page address or the 
first row of the video screen. 

KEYBOARD INTERRUPT 

The external keyboard requirements are ASCII outputs 
with a suitable strobe to interrupt the CPU for keyboard 
servicing. Refer to the keyboard interrupt in the flow 
chart. After the keyboard buffer is read the data byte 
is tested for a (CNTL E), new baud rate command. If the 
test fails the CPU writes the data byte to the ACE. 
Passing the test forces the CPU to read the baud switch 
and load the ACE with the new baud rate. 

ACE INTERRUPT 

As mentioned above, a data byte read from the keyboard 
that is not a baud rate command enters the accumulator. 
The CPU writes the data byte from the accumulator to 


the transmitter holding register in the ACE. The ACE 
proceeds to shift out the data byte, with the appropriate 
start and stop bits, serially from the (SOUT) output. 
The data is shifted to the serial input (SIN) of the ACE 
and loaded into the receiver holding register. When the 
register is full the ACE interrupts the CPU, initializating 
the ACE service routine. Refer to the ACE interrupt in 
the flow chart. 

The CPU reads the receiver holding register in the ACE. 
Reading the ACE resets the interrupt. The data byte 
now resides in the accumulator. The CPU tests for a 
control or an escape function. The function is executed 
if test conditions are met. Refer to the keyboard interrupt 
routine in the software listing. The data byte is written 
to the video RAM at the cursor address which appears 
on the monitor screen. The cursor and character numbers 
are incremented as long as it is not at the end of a row. 
A character at the end of a row requires further testing 
to recognize the following situations. Is it the last row 
on the monitor's screen? Or is it on the maximum row 
of the video RAM? Essentially, the cursor is forced to 
stay visible on the video monitor's screen and video 
RAM is always kept out of scratch pad RAM, (Figure 10). 



The video screen is allowed to scroll only through the video 
RAM (000H to EFFH). The CPU keeps the video screen within 
these bounds by loading the new row start register with that 
address range only (row 00H to 2FH). 

FIGURE 10. Drum Analogy for the RAM 


FULL/HALF DUPLEX OPERATION 

The data terminal and a host computer in the full 
duplex mode of operation would receive the serial in- 
formation, process it, and send it back to the SIN 
input of ACE. Using the terminal in a stand-alone 
mode for testing, the serial out SOUT is tied to the 
serial in SIN of the ACE. In the half duplex mode 
a data byte is sent to the host computer at the same 
time it is sent to the terminal. When the data terminal 
is set up to communicate with a host computer the 
full duplex mode of operation is desirable. 



5-35 


AN-199 



















DP8350/I IMS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 


New Row Start Interrupt 


Vertical Interrupt 


SAVE 8080 
REGISTERS 


SAVE 8080 
REGISTERS 


LOAD CRTC 
ROW* TO CRTC 


MOVE FIRST ROW i 
TO CRTC ROW * 


RESET INTERRUPT 
LATCH 


GET CRTC ROW 
ADDRESS 



LOAD TO CRTC 
TOP OF PAGE 
REGISTER 
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DP8350/INS8080 VIDEO DATA TERMINAL BASIC SOFTWARE FLOW CHART (Continued) 

ACE Interrupt 



CNTL 
OR ESC 
FUNCTION 


PUT BYTE TO 
RAM 




LAST 

CHARACTER 
OF ROW? 


INCREMENT 
CHARACTER * 





INCREMENT 
8080 ROW # 


GET 8080 
ROW# ADDRESS 


ZERO CHARACTER 

# 


/ IS \ 


/ FIRST ROW # X V£ S 

ZERO FIRST 

X EQUAL TO / W 

ROW# 

\LAST ROW 


Tno 
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, AL BRILLIGTT-JIM TROUTNER 


0000 F3 

0001 31FF3F 
0004 C: 33 GOO 


0033 C34F02 
003 B 210030 
003E 0E20 
0040 3E3F 

0042 71 

0043 23 

0044 EC 
0043 C24200 
0043 OEOO 
004 A 3E40 
004C 71 

00 4 D 23 
00 4£ BC 
004F C 24 COO 

0052 CD8700 

0053 CD9300 


0053 21003F 
005B 11303F 
005E 010030 

0061 70 

0062 79 

0063 12 

0064 C650 

0066 4F 

0067 73 

0068 CEOO 
006A 47 
006B 2C 
00 6C 1C 
006D 7B 
006E FE60 
0070 C26100 


/ D I SABLE I NTERRUP TS 
.LOAD STACK POINTER 
.•JUMP TO INITILIZE ROUTINE 

i NEW ROW START INTERRUPT 


/ VERT I CAL I NTERUPT 
/ 1ST RAM ADDRESS 
i ASCII SPACE INTO C REG 
/MAX RAM ADDRESS 
.ASCII SPACE INTO MEM 
.NEXT RAM ADDRESS 
; MAX RAM ADDRESS? 

/ IF NO THEN NEXT ADD 


N. R. S. HIGH ADDRESS 
N. R. S. LOW ADDRESS 
N. R. 5. ADDRESS DATA 
STORE TO N. R S DATA TABLE 1 
N. R. S. DATA LOW TO ACC 
STORE TO N. R. S. DATA TABLE I 
ACC READY FOR NEXT LOAD 
ACC TO N R. S. DATA HIGH 
N. R S. DATA TO ACC 
ADD CARRY BIT TO DATA HIGH 
MOVE RESULT TO N. R. S. DATA \ 
INCREMENT N. R. S. HIGH ADD 
INCREMENT N. R. S. LOW ADD 
N R. S. ADD LOW TO ACC 
MAX TABLE ADDRESS 
IF FALSE JUMP 


/ REFERENCE TABLE INITILIZE 


C31C01 

1 17E00 B1200: 
C31C01 

115400 El 800 
C31C01 

114C00 B2000: 
C31C01 

113F00 B2400- 
C31C01 

112AOO B3600: 
C31C01 

112000 B4S00- 
C31C01 

111300 B7200 
C31C01 

111000 B9600 
C31C01 


011C 010390 ACELD: 
01 IF 3E83 
0121 02 

0122 0E01 
0124 7 A 

0123 02 • 

0126 OEOO 

0128 7B 

0129 02 
012A CEO 3 
012C 7° 

0120 02 
012E 0E01 

0130 79 

0131 02 

0132 OEOO 

0134 D1 

0135 C9 


0136 DB80 

0138 FB 

0139 FE05 
013B CA9300 
013E FE12 

0140 CA4803 
0143 FE13 
0145 CA3403 

0148 02 

0149 C9 


014A OA 
014B FB 
014C FE7E 
014E CA7001 
0151 FE7F 
0153 CA7001 

0156 5F 

0157 E660 

0159 CA7001 
015C 3A663F 
015F B3 

0160 77 


POINT B C TO ACE 

IN I T BAUD LOAD - 8 BITS 

DO INI T BAUD LOAD 

POINT TO BAUD HIGH 

GET BAUD HIGH 

STORE BAUD HIGH TO ACE 

POINT ACE TO BAUD LOW 

GET BAUD LOW 

STORE BAUD LOW TO ACE 

RESET DLAB TO ZERO 

INI T ACE T/R 

PUT TO ACE 

INTERRUPT ENABLE REG 
SELECT RECEIVED DATA INTERP' ' 
LOAD IT 

RESTORE B-C ACE POINTER 
RESTORE D-E REGISTERS 
RETURN 


KEYBOARD INTERRUPT ROUTINE 


READ KEYBOARD 
ENABLE INTERRUPTS 
NEED BAUD RATE? (CNTL E) 
IF YES GO TO BAUD ROUTINE 
INVERT NEXT CNTL R 


; ACE I NTERUPT ROUTINE 


; SAVE CHAR IN REG. E 
/ MASK OUT BITS FOR CNTL TEST 
; IF ZERO JMP TO CNTL FUNC 
/ LOAD INVERT MASK 
/ OR MASK AND CHAR 
.STORE DATA BYTE TO RAM 


/ CLEAR PERIPHERAL INTERRUPT FLOPS 


007 A 11603F 
007 D 210030 
0080 010090 


/POINT D-E TO REFERENCE TABLE 
/POINT H-L TO 1ST RAM LOCATE 
; POINT B-C TO ACE 


0161 1E63 

0163 1A 

0164 23 

0165 FE4F 
0167 CABE01 
016A C601 
016C 12 
016D C3B301 


/WAIT LOOP FOR INTERUPTS 


/POINT B-C TO CHAR 4 
/LOAD CHAR 4 TO ACC. 

/NEXT CHAR LOCATION 
/LAST CHAR OF ROW? 

/ IF TRUE JUMP TO NEXT ROW 
; INCREMENT CHAR 4 
/STORE CHAR 4 TO RAM REF 
/PUT CURSOR 


/HOME AND CLEAR CNTL A <SOH> 


0087 210050 HMCUR : 

008 A 3E02 

00 8 C 77 

008D 3C- 

008E 77 

008F 210030 

0092 C9 


. POINT B-C TO CRTC 
/ T. 0 P. REGISTER SELECT 
/ T. 0. P. LOAD 
/CURSOR REGISTER SELECT 
/ CURSOR LOADS TO T O. P 
/POINT H-L TO 1ST RAM ADD.- 
. RETURN 


/SAVE ROW 4 CNTL Q <DC1) 
/ADVANCE CURSOR CNTL L <FF) 


/SAVE D-E REGISTERS 
/ READ BAUD SELECT CODE 
/ZERO THE HIGH ORDER 4 BITS 


/BACKSPACE CNTL H <BS) 


/UP CURSOR CNTL K (VT) 


/CLEAR ROW CNTL X (CAN) 


/RING BELL CNTL G (BEL). 

/ INVERT NEXT CNTL R <DC2) 


/ INVERT ROW CNTL S (DC3) 


/ STORE CURSOR TO CRTC 


01B3 7C 
01E4 C620 
01 B6 67 
01B7 3603 
01B9 7C 
01 BA D620 
01 BC 67 
01BD C9 


/ H REG TO ACC. 

/ SET H-L REG TO CRTC ADD. 

/ H IS CRTC ADD. 

/CURSOR REGISTER SELECT 
zH REG SET BACK TO VIDIO RAM 
/ ADDRESS 


00D4 116305 13110: 
00D7 C31C01 
OODA 11F303 B 1 50 : 
OODD C31C01 
OOEO 11F901 B300: 
00E3 C31C01 
00E6 11FC00 3600 : 


/BAUD RATE SET UP ROUTINES 


/110 BAUD DIVISOR 
/GO TO ACE LOAD ROUTINE 
/ 150 BAUD DIVISOR 


01 BE CDDC01 NXRO: 
01C1 CDF301 
01C4 E5 CL ROW 

01C5 1E60 
01C7 1A 
01C8 C601 
01CA FE30 
01CC CAD701 


Continued on page 5-42 


/GO TO NEXT ROW SUBROUTINE 
/ ZERO CHARACTER 
/SAVE H. L 

/POINT D. E TO LASTROW 
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FEATURES 

■ Keyboard input port 

■ Serial I/O up to 9600 baud 

4k bytes RAM 
Ik byte ROM 

■ 2 video pages 

■ 80 x 24 characters 

■ 5x7 character font, 7x10 
field size 

■ Block cursor 

■ Single crystal 

■ Maximum CPU time/frame 
without line buffers 

■ Line or page scroll capa- 
bility 

■ Full cursor control 

■ Complete software flexi- 
bility 

■ Modem control capability 

■ Low component count 

■ Field reverse 

■ Clear screen, clear row, 
home and clear 

■ Row swap (row 
change) 
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HORIZONTAL SYNC 
VERTICAL SYNC INOTE1) 


Note 1 : See DP8350 data sheet for sync details. 
Note 2: SW open reverses video page. 


NEW ROW START LOGIC 


Parts: 

1 - DP8350 
1 - DP8228 
1 - DP8224 
1 - INS8080A-2 
1 - INS8250 
8 - MM5257 
1 -MM2708 

1 - DM81 LS95 

or DM81 LS96 

2 - DM74LS32 
(V C c 14, 7 GND) 

1 - DM74LS74 
(V C c 14,7 GND) 

1 - DM74LS08 
(VcC 14, 7 GND) 

1 - DM74LS04 
(V CC 14.7GND) 

1 - DM74LS73 
(V CC 14, 11 GND) 
1 - DM74365 

1 - DM74148 
1 - DM7474 
1 - DP8212 
1 - DM74LS86 

1 - DM8678CAB 

2 — Res. arrays, 

3.3k 

1 -21.84 MHz 
Xtal 

Bypass capacitors 
on all parts 


CHAR GEN/LATCHl 



20 

RS 232 
CONNECTOR 

l/A D SI 489 

i 

1 1/4 DS14B9 

6 

^ 1/4 DS148B 

_ 

V4 DS1489 

— 

S-232 

-j— 


RETRACE 
BLANK f.F. 

KB INPUT 
PORT 









.LOAD H. L WITH ADD OF LASTRO 1 


.CURSOR TO THE BEGINNING OF R 


01 DC IE 4.0 
’ 01 DE I A 
: 0 1 DF ED 
’ 01 EO 23 
i 01E I BE 
01E2 CA050 


3E00 ZCHAR 
324.33F 
C 36 30 I 


POINT D-E REO TO LAST ROW 
PUT LAST ROW « TO ACC 
EXCHANGE H-l. WITH D-E 
H-L IS NOW AT 8030 ROW * 
COMPARE LAST ROW « WITH 
8030 ROW N IF TRUE SCROLL 


.TEST FOR MAX ROW AND 
. JUMP TO ZERO ROW IF TRUE 
. ZERO ROW 

. INCREMENT THE 8080 ROW It 
.POINT H-L TO CHAR « 


. PUT CHAR N TO ZERO 
. AND STORE 

.00 TO PUT CURSOR ROUTINE 


8080 ROW M TO ZERO 
N R S ADDRESS HIGH 
N R S DATA HIGH TO D REG 
N R S ADDRESS LOW 
N P S DATA LOW TO E REG 
EXCHANGE H-L WITH D-E 


.POINT D-E TO 3080 ROW* 

. PUT 8080 ROW « TO ACC 
.POINT D-E TO ROW SAVE 
.STORE ROW SAVE N IN REF TAD' 
. return 


H-L ROW DATA LOAD ROUTINE 


.LOAD ACC WITH D-E DATA 
.POINT D-E TO N P S DATA HI 
.ROW * TO N R S DATA, HIGH 
. ROW * TO H REG 
.RUT 1ST ROW * TO ACC 
. ACC TO N R S ADD LOW 
.POINT D-E TON P S DATA LOW 
. ROW * TO N R S DATA LOW 
, ROW N TO L REG 
, RETURN 


. DG NEXT ROW SUBROUTINE 

.OFF SCREEN CLEAR RQW ROUTINE 

. MOVE REFERENCE ROW N TO H-L 

.LOAD H-L 

. CHAR « TO ACC 

. ADD THE CHAR * TO THE 

.FIRST ROW ADDRESS 

, IF A CARRY OCCURED ADD TO 

, THE DATA HIGH 

, H-L POINTS TO LINE FED ROW 

.PUT CURSOR TO LINE FED ROW 


.POINT H-L TO LAST ROW* 

, BEFORE SCRATCH TABLES 
, TEST FOP THE LAST ROW 
..JUMP TO ZERO LAST ROW IF TP 
. INCREMENT TO NEXT ROW 


POINT H-L TO FIRST ROW* 

IS FIRST LOW = TO LAST ROW 
JUMP TO ZERO FIRST P 
INCREMENT TO NEXT ROW 
POINT H-L TO 8080 ROW 
GO TO INCREMENT ROW ROUTINE 


.RUT FIRST ROW* TO ZERO 
.POINT H-L TO 8080 ROW 
.GO TO INCREMENT ROW ROUTINE 


.NEW ROW START INTERRUPT 


POINT D-E TO CRTCROW * 
.LOAD ACC WITH • CRTC ROW * 
.MRS DATA ADD HIGH TQ E 
.ROW DATA HIGH INTO ACC 


ACC TO N R S DATA LOW 

N R S DATA ADD LOW TO E REG 

ROW DATA LOW TO ACC 

N R S DATA ADD LOW INTO L 

STORE N R S . TO CRTC 

RESET NFS AND VERT INTER" 


TEST FOR CRTC MAX ROW 
IF TRUE ZERO ACC 
INCREMENT TO NEXT ROW 
STORE NEXT ROW NUMBER 


4 44 02A4 1E62 HOME 

447 02A6 1A 

448 G2A7 1E61 
448 02 A9 12 

4 50 02 A A CD8302 

451 02 AD 3E00 

452 02AF 32633F 

453 02B2 C 36301 


0265 1E65 SWAP 

02B7 CD8202 

02BA 224.6 OF 

0260 1E61 

02BF CD8202 

02 C 2 IE 65 

02C4 1A 

02C5 5R 

02C6 7C 

02C7 12 

02C8 7B 

02C9 C630 

02CB 5F 

02CC 7D 

02CD 12 

02CE 2A663F 

02D1 1E61 

02D3 1A 

02D4 5F 

0205 7C 
0204 12 
02D7 7B 
0208 C630 
02DA 5F 

0206 7D • 

02DC 12 
0200 C 39802 


486 

487 02EO 1E4.3 
433 02E2 1A 

489 02E2 FEOO 

490 02E5 CAEE02 

491 02E8 2D 


. MOVE REFERENCE ROW TO H-L 
.RUT CHAR * BACK 
, TO ZERO 

. RUT CURSOR HOME 


POINT D-E TO ROW SAVE « AND 
RUT IN H-L REG 
S t ORE ROW SAVE « TO TEMP 1 * 
POINT D-E T 0 3080 ROW * AND 
RUT ADDRESS IN H-L. REG 
POINT D-E TO ROW SAVE * AND 


RClN T THE D-E REO T 0 Chap 

TEl* -IP t m>E OAR « = 

TO ZERO .".'MR IP TP JE 
DECREMENT C«A c ■ 

•TORE DECREMENTED CHAR * 

dec w-u for new cursor i_o 


.POINT D-E TO FIRST ROW 
.LOAD 1ST POU « INTO ACC 
POINT D-E TO CRTCROW * 

. UPDATE CRTCROW * 

. REMOVE MARKEF 
, POINT H L TO CRTS FIRST 


02F1 EE JR CUR 

02F2 2E4.1 

02F4 7E 

02R5 22 

OOF 4 BE 

02 r 7 CA080S 

02FA 25 

02FE RE 00 BAC^'l 
02 FD C A 1 EOS 
0300 25 


RESTORE ACC AND FLAGS 


0211 7E 

0212 RE 00 
0214 CA2A03 
0217 35 


0318 2E4.1 
031 A 7E 
03 IE C2RE02 


RETURN 
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i CHANGE 8080 ROW » 
i TO 230 AND STORE 
i JUMP TO POINTER EXCHANGE ROU 


A 0007 
B 0000 
B1800 OOF2 


i PUT THE 1ST ROW TO 
i 17H. 

i JUMP TO 8080 ROW # STORE 


i PUT ROW DATA IN H-L REG 
» INTILI2E LOOP COUNTER. 

; STORE ASCII SPACE IN MEM. 
i DECREMENT LOOP COUNTER. 

; RETURN IF ZERO BIT IS SET. 
iNEXT LOCATION 
j CLEAR NEXT LOCATION. 


BAUD 0093 
CHARNU 0063 
CLR0W1 0336 
CRTCRO 0064 
FIRSTR 0062 
HMCUR 0087 
INIT 003B 
IVERTR 0334 
LDHL1 0283 


CLRAM 0042 
CLR0W2 033B 
D 0002 
FRO 48 0324 
HOME 02A4 
INTACE 01 4A 
L 0005 


RESET 0352 
R0W808 0061. 
SCROLL 0203 
TEMPI 0066 
UPSCL 0308 
ZFRO 021E 


CLRAM 1 004C 
CL ROW 3 01C4 
DONE 0376 
FUNC 0170 
I MASK 0068 
INTKB 0136 
LASTRO 0060 
LOOP 0244 
LOOP 4 033D 
M 0006 
NXR01 01 DC 
RESET 1 0370 
ROWSAV 0065 
SP 0006 
TEMP2 0067 
VERTI 024F 
ZLRO 0219 


NO ERROR LINES 
SOURCE CHECKSUM » 403F 
OBJECT CHECKSUM « 0F51 
INPUT FILE 1.CRT30A. SRC ON JIMFM 
OBJECT FILE 1 : CRTSOA. LM ON JIMFM 


E 0003 
H 0004 
INCRO 01E5 


R048 031E 
ROZERO 01D7 
START 0000 
UFCUR 02F 1 
ZCHAR 01F3 
ZROW 01FB 


5S9 0370 IF RESET 1. RAR 

590 0371 E67F AN I 07F 

591 0373 C36403 JMP BACK 2 


; LOAD 1 ST ADD. OF 8080ROW TO 
i SET COUNTER 
; GET CHAR. 

; CK BIT 8 STATUS AND INVERT 


i MASK BIT 8 HIGH 
; STORE MOD. CHAR TO MEM 
; POINT TO NEXT MEM 


DEFINITIONS 


REFERENCES 


ACE — Asynchronous communication element 

CRTC — Cathode ray tube controller 

Video Page — Visible screen data 

Video RAM — Entire portion of RAM used only 

for display 

First Row # — Address for top row of video page 

Last Row # — Address for bottom row of video page 

CRTC Row # — Address for next row load 

8080 Row # — Address for cursor row 

Character # — Character location in a row 

XXXH are hexidecimal numbers 


National Semiconductor Data Sheets: 

DP8350 Series Programmable CRT Controllers 
INS8250 Asynchronous Communications Element 
DM8678 Bipolar Character Generator 
INS8080 Assembly and Reference Manuals 

National Semiconductor Application Notes: 

Simplify CRT Terminal Design with the DP8350, 
AN-198 


DM8678 Bipolar Character Generator, AN-167 

Data Bus and Differential Line Drivers and Receivers, 
AN-83 

Transmission Line Characteristics, AN-108 


Hardware Reference Manual BLC 80/10 Board Level 
Computer. National Semiconductor Microcomputer 
Systems Chapter 6 — System Interfacing. 
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Graphics Using the DP8350 National Semiconductor 

_ y t ® Application Note 212 

Series of CRT Controllers chariescannam 

December 1978 



The DP8350 CRT Controller series is a versatile building 
block for both low and high-end CRT terminal applica- 
tions. This application note demonstrates how the 
DP8350 may be used in CRT graphics applications. 
Although this presentation is general, when specific 
examples are given the DP8350 ROM programmed 
version of the DP8350 series will be used (80 characters 
per row, 24 character rows, 5x7 character, 7 x 10 
character field size). 

BACKGROUND INFORMATION 

The basic function of the DP8350 CRT controller is to 
control the elements of the "video loop" (Figure 1). A 
memory address generated by the CRT controller is 
presented to the CRT memory, which stores a record of 
what appears on the CRT display. The character gen- 
erator converts this stored information into serial video 
data to the CRT monitor. The intensity of the CRT 
electron beam is modulated by this video data and its 
position is controlled by the horizontal and vertical sync 

pulses generated by the CRT controller. , 

\ 

The CRT screen video area is divided into character cells 
(Figure 2). Each cell has a unique CRT memory address. 
The DP8350 must present the correct character cell 
address to the CRT memory at the appropriate CRT 
beam location. Use of the line counter outputs of the 
DP8350 make possible the subdivision of each char- 
acter cell address into the unique scan line of the present 
CRT beam location. 

For the DP8350 and its unique internal ROM program 
format, each character cell is composed of 70 dots (7 
dots wide and 10 dots high) Figure 3. When using the 
DP8350, each of these dots may be active video data. 
Typically however, in alphanumeric display systems, the 
character generator will provide cell to cell character 
spacing on the CRT screen by blanking some number of 
rows and columns of dots. That is why the DP8350's 
7x10 dot field is used with a 5 x 7 character generator 
(2 horizontal and 3 vertical dot spaces). 

In fact, it is the character generator that restricts the use 
of the full character cell dot field, not the DP8350! 
Using a character generator which allows video on every 
scan line and all dots of the cell width, makes graphic 
capability possible. This type of graphic display genera- 
tion is called "character generator graphics." 

All of the dots on the CRT display may also be inde- 
pendently controlled by a separate CRT memory address 
location; this is called "memory mapped graphics." 


Both of these graphics display generation techniques will 
be discussed here, with demonstrations of how the 
DP8350 series may be used to reduce total component 
count. 


CHARACTER GENERATOR GRAPHICS 


In this graphics system (Figure 4) the character generator 
block contains a ROM that has been programmed with 
graphic symbols whose size is contained within the 
character cell size. This ROM may at the same time 
contain alphanumeric characters that do not use the 
full character cell size. 

The block representation and operation of this system is 
the same as the alphanumeric's system previously de- 
scribed. The CRT memory presents the same character 
cell data to the character generator on every scan line of 
that character cell address. The character generator ROM 
is organized with addresses defining a particular symbol 
and addresses defining which scan line of a character row 
the CRT electron beam is currently on; thus defining 
the video data for that scan line of the symbol. The 
scan line address data comes directly from the DP8350. 
The parallel data that results is video data for that screen 
address cell width. This data is then serially shifted to the 
CRT monitor with a parallel to serial shift register. 

This system allows every scan line of a character row to 
have active video information; thus the graphics symbol 
may be programmed to all sides of the character cell 
providing continuity from cell to cell both horizontally 
and vertically. At the same time, the alphanumeric's 
character may be programmed with cell to cell spacing. 

Character generator graphics is the simplest most cost- 
effective approach to CRT graphics. It requires a mini- 
mum of software development and hardware support. 
The DP8350 CRT controller provides all the required 
timing and control pulses for the CRT memory, character 
generator, and CRT monitor. 

Graphics capability with this system, however, is some- 
what limited since individual dot control is not possible; 
only character cell symbol control is available. This 
system does apply well in such applications as bar 
graphs, circuit schematics, or flow charts and when 
these need to be combined with alphanumeric data. 
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FIGURE 1. Elements of the "Video Loop' 
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ROW 1 
ROW 2 
ROW 3 
ROW 4 


ROW 22 
ROW 23 
ROW 24 


FIGURE 2. CRT Screen Cell Address Map Presented to 
CRT Memory by the DP8350 (Top of Page Register 
Contains Address 0) Character Cells Per Row = 80 
Character Rows Per Frame = 24 


C CELL DOT WIDTH 


NUMBER OF 
SCAN LINES PER 
CHARACTER CELL 


THE DP8350 HAS 
7 X 10 3 70 DOTS PER 
CHARACTER CELL 


CELL 

WIDTH 


FIGURE 3. The DP8350 Character Cell is 
7 Dots Wide and 10 Dots High 



FIGURE 4. Character Generator Graphics 
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CHARACTER GENERATOR GRAPHICS-WITH 
LINE BUFFERS 

Modification of the character generator graphics block 
diagram is possible with the addition of a recirculating 
line buffer placed between the CRT memory and the 
character generator { Figure 5). In this case the character 
generator addresses for a character row are loaded 
serially into this shift register on the scan line before the 
first video scan line of a character row. These addresses 
are then recirculated for the number of scan lines per 
character row minus one (then the next character row of 
addresses is loaded). This system allows access to the 
CRT memory by the system controller on all but one 
scan line of a video character row. In contrast, the 
system previously described would have allowed access 
only during blanking intervals. In systems that require 
heavy access to the CRT memory to update screen 
information, this approach is very attractive. 

In this case, as before, all the required control pulses for 
the "video loop" are provided by the DP8350 CRT 
controller. 


a system will be greater— both software and hardware. 
In any case, the DP8350 easily adapts to such a system 
as demonstrated in Figure 6. 

In this approach, if you subdivide each character cell 
such that each scan line of the cell may be independently 
addressed, then from the CRT memory block instead of 
8 bits of data defining a character cell code to the 
character generator, you get 8 bits of direct video data. 
Then the CRT memory block serves double duty— CRT 
memory storage and symbol or character generator. All 
that is left to do is convert this parallel video data to 
serial video data as before. 

In the case of the DP8350 internal ROM format program, 
each cell is 7 dots wide; thus only 7 bits of video data 
are needed per character cell/scan line address. The 
DP8350 addresses the memory block as before with the 
character cell address, but in this case also with the scan 
line address. In this manner, the DP8350 series has a 
maximum address capability of 16 bits (64k). 

VARIATIONS 


MEMORY MAPPED GRAPHICS 

If a very high resolution graphics display is required, 
every dot of the CRT display may be independently 
controlled. In this case, every dot of the CRT screen 
may be mapped to a specific CRT memory data bit— thus 
the name Memory Mapped Graphics. This type of 
system is obviously a more costly type of graphics, since 
to control every dot not only is there a need for more 
CRT memory, but the microprocessor overhead in such 


If memory mapped graphics is desirable but standard 
alphanumerics is also required, combination of these 
techniques is possible. For example, if only a small 
portion of the CRT screen need be memory mapped and 
the remainder can be character generator alphanumerics 
and/or graphic symbols. In this case a higher order data 
bit from CRT memory defines whether the lower order 
data bits are graphics video data or ASCII and graphics 
symbol code. Figure 7 is a block diagram of such a 
system. 



FIGURE 5. Character Generator Graphics (With Line Buffer) 
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DOT FREQUENCY 
CRYSTAL 


FIGURE 6. Dot by Dot (Memory Mapped) Graphics 



FIGURE 7. Combined Character Generator and Memory Mapped Graphics. 


SUMMARY 

This application note has demonstrated 2 basic graphics 
techniques that may be implemented using the DP8350 
CRT controller. Variations to these techniques are 
possible such as changing character cell sizes and sub- 
dividing the character cell into dot blocks. In most cases, 
these variations are done to decrease hardware or soft- 
ware overhead. Since the DP8350 series of CRT con- 
trollers offer display format flexibility through internal 
ROM program variations— the device adapts equally well 


to these graphics variations as it does to the standard 
applications. 


The fact that all the required control functions for the 
"video loop" are contained within the same chip— the 
DP8350-makes it very effective in these types of appli- 
cations; as a result it will produce the minimum chip 
count and cost. 
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Graphics/ 

Alphanumerics Systems 
Using the DP8350 


National Semiconductor 
Application Note 243 
Mike Evans 
April 1980 



This application note summarizes some CRT terminal circuits, each with an increasing degree of graphics 
capability, and then goes into detail to describe a system having full graphics capability, with all dots individually 
programmable. All these applications use the DP8350 CRT Controller. 

Here are some of the features of the full graphics system. 


Hardware Features 

• The hardware is designed for a 24 row by 80 
column display, with 7 dots per column and 10 
lines per row 

• All ICs are made by National Semiconductor 

• Low l.C. cost, all parts readily available 

• Fits on one standard BLC80 (SBC80) card 

• System performance only limited by software 

• 8080 Mnemonics — useable with STARPLEX or 
Intellec Development Systems 

• All graphics programs very fast 

Example: One dot takes 500 jjs maximum to 
plot 

• During display time, each 7-dot cycle may be 
shared by the microprocessor 

• 8 bit word comprises MSB as attribute and next 
7 bits as 7 dot word of a character line 

• Can input display data serially or parallel 

• Can output display data serially or parallel 

• Baud rate programmable from 110 to 56k baud 

• Can be used as slave to main system 

• Can copy characters from alphanumeric ROM or 
symbol EPROM 

• 13k bytes of RAM available for user software or 
back-up display storage 

• Analog inputs — joystick or waveforms 

• Easily expandable to color graphics 


Software Features 

• The software is programmed for any display 
configuration of rows, columns, dots per column 
and lines per row. The hardware is designed for a 
24 row by 80 column display, with 7 dots per 
column and 10 lines per row. 

• Can perform most dumb terminal functions, 
Including scrolling 

• Simultaneous display of alphanumerics and 
graphics 

• Identical terminals can display same information 
with inputs from either 

• Can save displays in computer storage 

• Can load displays from computer storage 

• Can erase any part of display or all of it 

• Can draw a rectangle linking any 2 horizontal and 
2 vertical coordinates 

• Can transfer In 1/10th second max any area of 

display to any other area or to/from back-up 
display storage * 

• Smooth movement of subject in any direction 

• Immediate display of fixed diagrams 

• In-system emulation of programs available 


The DP8350 CRT Controller provides incrementing video 
addresses starting from the Top of Page address, or 
from a new Row Start address. These addresses and the 
Cursor address are loaded into their respective regis- 
ters from the address bus. All video control signals are 
provided by the 8350, so that apart from the crystal oscil- 
lator, no extra video circuitry is required. 


The DP8350 has so far been considered to be useable 
only in dumb terminals, whereas in fact is is easy to 
adapt it to more complex terminals with full graphics 
capability. Following is a summary of the functions of 
the various combinations of alphanumerics/graphics 
displays beginning with a dumb terminal using a monitor 
with 24 x 80 characters. 
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Dumb Terminal 

The basic dumb terminal design is shown in Figure 1. 
Usually the microprocessor loads the Character Position 
RAM (or Refresh RAM) only during horizontal or vertical 
blanking, or during the last 3 lines of a row. The CRTC 
then sequentially addresses this RAM during display 
time. The ASCII data from this RAM (for the character 
selected) is outputted to the ROM of the Character Gen- 
erator. The 7-dot word of this character for the line being 
displayed is then loaded into a shift register, and shifted 
out as video to the monitor during the next 7-dot cycle. 
The ROM, line counter and shift register can be one 1C, 
such as the DM8678 DAB Character Generator, which 
contains all ASCII upper case characters. 


The logical choice of CRT Controller for this simple CRT 
terminal is the DP8350, which mates perfectly with the 
DM8678. The most common application is for a 24 row by 
80 column display with the character field comprising 
of 10 lines each of 7 dots. The character itself occupies 
7 lines each of 5 dots, leaving 3 lines for vertical charac- 
ter spacing, and 2 dots for horizontal character spacing. 

Refer to AN198 and AN199 for further information on 
alphanumeric applications of CRTs. 



1 15jiS BUNKING 


50 MS LINE L 


15mS BUNKING L + 1 


uP CAN 

: H USE ADORE! 


-CRTC ON ADDRESS BUS- 


Figure 1. Simplest CRT Terminal 


Disadvantages for Graphics 

• Only characters in the Character Generator ROM can be selected 

• Characters not continuous to adjacent fields 

• Microprocessor thru-put 30% of maximum — not desirable for graphics 
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Alphanumeric Characters with Extra 
Symbols 

When characters or symbols are required that are 
different from those in the ROM, then an extra EPROM 
such as the MM2716 can be added as shown in Figure 2. 
The standard characters can be selected from a sepa- 
rate ROM such as the MM52116FDW which contains all 
128 standard ASCII characters. The EPROM is pre- 
programmed with additional characters or symbols. The 
8350 outputs sequential addresses to the Refresh RAM, 
and each address is two dot cycles ahead of the shifting 
dot word. 


The data out from the RAM must be valid 150ns after 
each address change. The MSB of the data selects ROM 
or EPROM, and the remaining 7 bits select the character. 
The line of the character is decoded from the 4-bit line 
counter outputs coming from the 8350. The ROM/EPROM 
now has 640-1 50 ns (>450 ns) to output the valid dot word. 
This has to be latched into an octal latch and held for one 
dot' cycle before it can be loaded into the 7-bit shift 
register. The dots are then shifted out in the dot cycle. 



Refresh RAM MSB: 

0 selects alphanumeric ROM 

1 selects symbol EPROM 

Figure 2. Fixed Character ROM + Symbol EPROM 

Disadvantages For Graphics 

• Fixed graphics possible with continuous display, but limited to 128 different characters, and 128 standard alphanumerics, 
for all 1920 positions. 

• Also it is not possible to change characters/symbols once the EPROM has been programmed. 

• The Microprocessor is still slow thru-put. 
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Limited Graphics Terminal 

To be able to generate any graphics symbol, a character 
RAM must replace the fixed ROM characters. Charac- 
ters or symbols can be loaded into the RAM as required 
from a ROM or a pre-programmed EPROM like the 
MM2716 (refer to Figure 3). But now, new graphics 
characters can be written into the RAM from the Micro- 
processor. These can either.be derived internally from 
the /jP or obtained directly from peripherals (such as 
serially to an Asynchronous Communications Element 
like the INS8250, or parallel from an external I/O port). 


This limited graphics application thus requires two 
RAMs, the Refresh RAM (or Character Position RAM), 
and the Character RAM. The Refresh RAM outputs the 
selected character address, and the 8350 line counter 
outputs select the line in the Character RAM. The 7 dots 
outputted from this RAM are latched into the Octal Latch 
and held for one dot cycle. The 8th bit of data can be 
used as an attribute control bit., The 7 LSBs are then 
loaded into the 7-bit shift register. 


4-BIT LINE 
COUNTER 


MM2716 

CHARACTER/ 

SYMBOL 

EPROM 


MM52116FDW 

ALPHA- 

NUMERICS 

ROM 


FROM PERIPHERALS ' 


CHARACTER 

RAM 


OCTAL LATCH 

VIDEO 

REGISTER 



Figure 3. Character RAM with ROM/EPROM Look-Up 


Disadvantage for Graphics 

• Only 256 possible characters per display, with the 8-bit data bus, but can re load different characters for a new frame. 
Advantages 

• Can now load standard characters or symbols from EPROM, either at switch-on or during normal running. 

• Can also load characters/symbols/graphics from the pP or peripherals, e.g., to create graphics drawings to connect to 
adjacent positions. 

• Can now be a very fast system — by isolating the ^P address bus from the CRTC address bus, the pP can share the dot 
cycle with CRTC. 

• Refresh RAM and character RAM can be made the same 1C by using one 8k x 8 quasistatic RAM. 
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With the new 8k x 8 quasistatic RAMs such as the 
NMC4864, the first quarter can be used as a Refresh 
RAM for the 1920 character positions. The RAM data 
outputs containing the character address can then be 
latched into an octal tri-state latch. If the 8350 address 
bus is then disabled, the octal tri-state latch can feed 
back to the RAM second half address inputs, along with 
the enabled 8350 line counter outputs. The data out 
from the RAM now contains the next 7-dot word to be 
displayed and this is then loaded into the shift register. 
This takes the last two thirds of the dot cycle, the first 
third is for the ^P. With the fast cycle time of the quasi- 
static RAMs this 3 part cycle can easily be accom- 
plished in one 7-dot cycle. (Refer to Figure 4.) 


With the method just described it is only possible to 
display 256 different characters for any one page, 
because each character consists of 10 lines, almost 
filling the second half of the quasistatic RAM. If this is 
acceptable, then a limited graphics terminal can be 
easily implemented using a microprocessor, with one 
MM2716 instruction set EPROM, one MM52116FDW 
character ROM, one MM2716 symbol EPROM, one 
DP8350 CRT Controller, the NMC4864 quasistatic RAM, 
and a DM74166 shift register. The logic and drive 
circuitry required to control the sequencing comprises a 
further 15 SSI ICs. This application has not yet been 
built, awaiting availability of the quasistatic RAMs. 
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Figure 4. Limited Graphics Using a Buffered CRTC Address Bus and a Quasistatic RAM 

Advantages 

• Only one 1C, an 8k x 8 quasistatic RAM, used for both the refresh RAM and character RAM 

• Fast, although yP may be in the wait state for a maximum of 600ns. This is no problem because the fastest pP instruction 
cycle is Vs, so there will be no effect on maximum thru-put. 

Disadvantages 

• No quasistatics available at the time of writing 

• Full graphics capability not possible 
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Full Graphics Capability 

We need to be able to select any dot on the display, for 
full graphics capability, while still using the CRT 
controller to sequence every line of every row, as it does 
in the simple terminal (See Figure 5). 

With the standard 24x80 character display, full 
graphics can be achieved by using a 24. (rows) by 80 
(columns) by 10 (lines) address RAM, and selecting the 7 
dots as the data word for the character position on the 
display and the line of that character position. 

This means that alphanumeric characters can be 
displayed in exactly the same format as with a simple 
terminal, by copying the character from ROM or EPROM 
into the selected 10 line by 7-dot field, line by line. 


Full graphics capability is also easily implemented 
once the relevant software algorithms have been 
determined. 

So for full graphics, every dot is one bit of memory. 
There is no refresh RAM, refer to Figure 6. The CRTC 
scans through the Display RAM, a line at a time for each 
row on the CRT, causing the RAM outputs to be read 
every 7 dot cycle. The RAM output is shifted out two dot 
cycles later. The microprocessor may write into the Dis- 
play RAM each 7-dot word, with “I’s” representing dots. 



DOT IS AT LINE L. DOT d 

CHARACTER POSITION IS AT ROW r, COLUMN c 


Figure 5. Full Graphics Capability Requires Individual Dot Selection 



Figure 6. Full Graphics System 
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CRTC Address Bus Configuration 

The particular RAM address to be written into is 
determined by its 10x7 character field position and the 
selected line of that field; refer to Figure 7. 

The 11 least significant addresses A 0 to A 10 contain 
character position information from position 0 to 1919, 


and the next 4 addresses A^ to A 14 are the 8350 line 
counter outputs via a tri-state buffer. The most signifi- 
cant bit, A 15 is used to select the RAM when HI, and the 
EPROMs and peripherals when LO 
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Figure 7. RAM Addressing 
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Graphics Design Criteria 

In the simple CRT applications, the microprocessor is 
used mainly to re-write the Refresh RAM as new infor- 
mation is fed in, either from the keyboard, or from the 
main computer (via ACE). The /jP can still be used in this 
application for alphanumerics/graphics, but it is also 
desirable if it can perform graphics computations, such 
as drawing lines from the inputted coordinates. 

This requires the microprocessor to be able to write 7 
dot words quickly to the Display RAM. The best way to 
implement this is to time multiplex the dot cycle with 
the CRTC so that whenever the requires access to 
the Display RAM, it merely waits for its slot in the next 
dot cycle, which could be up to 640ns later. The infor- 
mation is either written or read after 360ns, that is a 
maximum of Ips after the memory access request, 
which is fast enough. Now the /jP no longer has to wait 
for blanking to be able to operate, it continues its normal 
operation and only enters the WAIT state during RAM 
access. Although this is for up to l^s, in fact it is in 
general invisible because the memory access takes 
at least 700ns. 

The Microprocessor 

The 8080A-2 was chosen for the following reasons: 

• FAST — takes 21.84 MHz (2 x 8350 frequency) divided 
by 9 (in the 8224), to give a clock cycle of 2.427 MHz, 
i.e., 0.41 ijS per microcycle, or 1.6 ms for a short 
instruction 

• Software can be developed on STARPLEX™ or 
Intellec Development Systems 

• INS8080A-2, DP8224 and DP8238 are low cost and 
available from National 

• Associated circuitry previously designed in 
Application Note AN199 

Note the DP8238 has advanced MEMW mode — 
desirable so that the microprocessor can go into the 
WAIT state earlier in the write cycle. 

Interrupts 

The INS8259 is ideal as as an Interrupt Controller, 
because most interrupt signals in the system are 
positive going, saving D-type flip-flops. It can also be 
used to mask off interrupts when necessary. 

Interrupt Priority 

1) Horizontal Sync from the 8350, highest priority if row 
start has to be quickly changed, normally masked off 


2) Paralleled 8-Bit I/O Port, highest priority if CRTC card 
is part of a master system, otherwise masked off 

3) Vertical Sync from the 8350, normally highest 
priority, need to quickly change the Top of Page 
register for scrolling, to change the display before 
the new frame begins 

4) ACE, INS8250 — during serial block transfers this 
will take highest priority 

5) Keyboard — the time to press the keys is much 
longer than the interrupt wait time so can be low 
priority 

6) A/D Converter — time for conversiqn is 100 ms so 
again can be low priority 

Display RAM 

The system requires a RAM with 24 x 80 x 10 addresses, 
each of 8 bits (representing 7 dots + 1 attribute bit), and 
a cycle time of 640ns/2 or 320ns. Using static RAMs 
19.2k bytes would require 40 ICs, whereas using dyna- 
mic RAMs 16 ICs are necessary, totalling 32k bytes. 
This leaves 13k bytes available as spare RAM. 

Advantages of Dynamic RAMs 

• Only 16, 16-pin packages instead of 40, 18-pin 
packages 

• Less than $10 for 16,000 bits 

• Fast access and cycle times using the MM5290-2 
(average cycle time is 320 ns). Even faster times with 
the 5V only 16k MM5295 

• Standby current only 5% of operating current 

• Less average power dissipation than for static RAMs 

This means average power dissipation is 30 mA x 12V x 
'A x Vz x 16 or 1.5W for all 16 packages (only one bank 
is accessed per cycle by the CRTC for half the dot cycle 
time). For 40, 4k x 1 static RAMs, average power is 
80mA x 50V x 40 or 16W. Note that if the MM5295 5V, 
16k x 1 dynamic RAM is selected, power dissipation will 
be even further reduced, with access and cycle times 
about half the 3 rail version. 

Disadvantages 

• Not easy to interface to 

• Need to be refreshed every 2ms — see “Refreshing 
of Dynamic RAMs” 

• 3 supply rails needed, + 12V, +5V, -5V, but these 
are already required for the 8080 
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Refreshing of the Dynamic RAMs 

With 16k dynamic RAMs all 128 rows of every RAM have 
to be refreshed every 2ms maximum to maintain valid 
data. It is possible to manipulate the addressing of the 
CRTC address bus to the dynamic RAM multiplexed ad- 
dress bus, so that there is no need for a separate refresh 
counter. This is because for any display row, the 8350 se- 
quences all 80 characters, starting at line 0 and ending at 
line 9. Thus we can use the 3 least significant bits of the 
line counter outputs (A^, A 12 , A 13 , from LCO, LC1, LC2) 
for three of the dynamic RAM row address bits, (corres- 
ponding to lines 0 to 7 of each display row), and the four 
least significant bits of the character position address 
(A 0 to A 3 ) for the remaining four RAM row address bits. 
See Figure 8. 

Unfortunately, because 19k addresses are required, it is 
necessary to use two banks of RAM (8 RAMs in each 
bank), giving a total of 32k x 8. This leaves 13k bytes 


available for scratch pad, display storage, and in- 
system emulation of programs. Therefore each row of 
this second bank of dynamic RAMs also has to be 
refreshed. By using address bit A 4 to select the bank, all 
rows of the dynamic RAMs are therefore refreshed every 
32 characters, which in fact Is eight lines, or in effect 
one row of the display. The worst case is when the 32 
characters are split over two display rows. There is no 
problem during the vertical blanking because the 8350 
still outputs incrementing addresses and LCGA con- 
tinues to activate the control logic. So refreshing still 
continues during blanking. Thus the longest period any 
RAM row goes without a refresh cycle is 65^s per 
line x 10 lines per rowx2 rows = 1.3ms, which is still 
within the 2 ms maximum at 70 °C. In other words, 
dynamic RAM refreshing is automatically performed by 
the 8350 sequencing the address and no extra circuitry 
is required. 


-80 CHARS - 



1 




ONE 

ROW 


Figure 8. Automatic RAM Refresh 
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CRT Controller 

A graphics/alphanumeric CRT Controller requires the 

following (See Figure 9): 

1) All monitor signals provided — the 8350 provides 
Vert/Horiz sync and vertical banking 

2) Cursor signal — the 8350 has cursor enable 

3) Fast dot clock, a 7-dot cycle clock continuous, and a 
shift register clock only during display — the 8350 
has dot clock, LCGA and LVSR 

4) Line counter output 4-bit, tri-state — the 8350 has 
line counter output (but not tri-state) 

5) Ability to set top of page, row start and cursor reg at 
any time — the 8350 can do this using LD REG, RA 
and RB inputs during the time the n P is on the CRTC 
address bus. RA and RB can be data bus bits DB0 
and DB1, and LD REG can be decoded from the 
address bus 


6) 50 Hz or 60 Hz capability — the 8350 has a frequency 
select input 

7) Incrementing position address, tri-state — the 8350 
has this, with a maximum enable/disable time of 30ns 

This parameter is important in this application 
where it is necessary to switch the memory from the 
CRTC address to the microprocessor address, and 
back to the CRTC address all in one 7 dot cycle of 
640ns. Other CRT controllers are not capable of 
enabling and disabling the CRTC address so quickly. 

Hence the DP8350 requires no extra circuitry apart from 
a Quad Latch to disable the Line Counter outputs. The 
8350 has internal ROMs which determine how many rows 
(24), columns (80), lines per row'(10), and.dots per column 
(7). Versions of the 8350 are available with other combi- 
nations. 
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Figure 9. 8350 Block Diagram 
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System Timing 

The standard timing for the dumb terminal type of 
application is shown in the timing section of Figure 1, 
with the microprocessor inactive during display time. 
This is undesirable for graphics applications where full, 
use of the microprocessor is required for computations 
and peripheral control with very fast baud rate. To deter- 
mine the timing sequence it is first necessary to calcu- 
late the CRTC frequency required for the dot clock. 

CRTC Frequency = d x [c + (characters during 
horizontal blanking)] x[(rxl) + (lines during vertical 
blanking)] x (line input frequency) 

where d =dots per character, 

c = columns on display 
r = rows on display 
I = lines per row 


For the standard 8350, 
f = 7 x (80 + 20) x [(24 x 10) + 20] x 60 Hz 
= 7 x 100 x 260 x 60 Hz = 10.92 MHz 

This is too slow for the DP8224 which divides the crystal 
frequency by 9 to provide the clock to the micropro- 
cessor. The 8224 frequency can therefore be 21.84 MHz 
as in Figure 10, and this is divided by 2 to provide the 
8350 dot clock of 10.92 MHz, or 91.6ns per dot. A 7-dot 
cycle is 641ns or 1.560 MHz. This is divided by 2, i.e., 
780kHz, to provide a clock frequency for the A/D con- 
verter. 

The 8080 frequency is 21 .84/9 MHz or 2.427 MHz. This 
frequency is also applied to the ACE to provide the 
clock for the Baud Rate divider. The baud rate is 
determined from 2.427 MHz/(16 x Baud Divisor). 




Figure 10. System Timing Control Circuit and Diagram 
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7 Dot Cycle Timing 

Figure 11 shows how the 7-dot cycle time of 641 ns can 
be time multiplexed into two separate control sequences; 
Microprocessor and CRTC. It is necessary that the new 
7-dot word to be displayed, is available at the com- 
mencement of the dot cycle shift. Therefore the 8350 
must access the CRTC address bus for the second half 
of the 7-dot cycle, in fact for the last 3 dots of the cycle. 
This allows the time period taken by the first 4 dots to 
be used by the microprocessor, so that the microproces- 
sor address output appears on the CRTC address bus for 
the first four dots, but only if a access is requested. 

The CRTC 15-bit address is time multiplexed into 7 rows 
and 7 columns to be applied to the dynamic RAMs, 
using 2 DS3648 muliplexer-drivers, with bit A4 selecting 
the bank. It is therefore necessary to latch in first the 
rows with RAS (Row Address Strobe), and then the 
columns with CAS (Column Address Strobe), for both 
the /jP half-cycle and the CRTC half-cycle. All the set-up 


and hold times are met by the circuitry of Figure 12. If 
the pP is not requesting RAM access during its half- 
cycle, then RAS does not occur, although CAS still 
does. This is because RAS enables CAS internally in the 
dynamic RAMs, so that if RAS does not occur, the CAS 
has no effect and the RAM remains in standby mode. 
This is also the case in selecting the banks with RASO 
or RAS1. 

In the second half-cycle, the CRTC always reads the 
RAM, so WE remains HI, but in the first half-cycle the mP 
may request a READ or WRITE. WE remains HI for 
READ, and for WRITE remains LO while RAS is low. Note 
that the 8350 outputs the address word two dot cycles in 
advance, and therefore it is necessary to latch and then 
hold the dot word for one dot cycle. It is then latched 
into the 7-bit parallel-in serial-out shift register. The 8th 
bit from the latch can be used as an attribute bit. 
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Figure 11. Memory Control Logic Timing Diagram 
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Figure 12 shows the Memory Control Logic required to 
correctly sequence the control signals and busses to 
the dynamic RAMs and associated components. The 
interfacing from the 8080 microprocessor (via signals 
MEMR and MEMW) is such that whenever the pP 
requests to read or write to the dynamic RAMs, the ^iP 
Access Flip-flops access the RAMs at the start of the 
next hP cycle. At the end of these four dots, the 
information has either been latched into an 8-bit latch 
(for READ), or written into the RAMs (for WRITE). The 
READY signal goes active at this time which ensures 
that valid information is read at the end of the pP cycle; 
refer to Figure 10. Also the fact that MEMR and MEMW 
occur at fixed intervals relative to the dot cycle signal, 
LCGA, means that system contention cannot occur. 
Therefore there is no need for arbitration between these 
two signals when a microprocessor cycle is requested. 

This also applies when selecting the 8350 to change 
Top of Page, Row Start and Cursor. To select any of 
these 3 registers, the yP data bus bits DO and D1 are 
connected to R A and R B to select the required register. 


The information to be latched into the selected register 
has to be valid on the the CRTC address bus. Because 
this is time shared with the 8350 address counter, which 
outputs the incrementing display addresses during the 
second half of every 7-dot cycle, the CRTC register 
information has to be valid for the first half of the next 
dot cycle. The CRTC is selected with DS6/7 and MEMW, 
so that REGISTER LOAD occurs just after the CRTC 
register information becomes valid on the CRTC 
address bus. The 8350 spec requires that the address be 
valid 250ns before REGISTER LOAD trailing edge (old 
data sheets do not state this), and that R A and R B are 
valid at the leading edge. Note that the 8350 internal 
address counter can be enabled or disabled within 30ns 
of the ADDRESS ENABLE changing state. 

All the Logic for Memory Control is Schottky, due to the 
very fast timing required in the system. Note that the 
cycle time of the CRTC half-cycle is 270ns, which is less 
than the 320ns specified for the MM5290-2. This 
parameter is specified at 320ns for power dissipation 
reasons, and because the pP is not fast enough to use 
its half-cycle every 7-dot cycle or 641 ns, the average 
cycle time is greater than 320ns 



Figure 12. 8350 Graphics Memory Control Logic 
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System Configuration 

Figures 13 and 14 together show the system block 
diagram. The peripheral components of Figure 13 are 
used with the microprocessor circuitry of Figure 14. The 
right hand half of Figure 14 is equivalent to the circuitry 
of Figure 12. 

The LS138 address decoder is used for both I/O and 
memory addressing. Referring to Figure 15 address 
map, the peripherals are designated as I/O, and the 
EPROMs, ROM, CRTC and dynamic RAMs as memory. 
With address bit A15 HI, the 32k dynamic RAM block is 
selected. With address bits A14 and A15 LO, the LS138 
outputs are selected. All, A12, and A13 are decoded to 


select which one of the LS138 outputs goes LO, so that 
when memory is addressed, each section is 2k bytes. 
This includes the CRTC which requires 4k bytes from 
3000H to 3FFFH for 2 pages. The top four address bits 
select the CRTC and the remaining 12 address bits are 
latched into the selected register. 

When addressing I/O, address bits A0-A7 also appear 
respectively on A8 to 15, so that with A6 and A7 LO, i.e., 
I/O address 00H to 3FH, each LS138 output is now 8 
bytes selected by A3, A4, and A5. Bits AO, A1, and A2 are 
then connected as required to the peripherals, to select 
the addressed byte. 



microprocessor /peripheral address bus 


t T 
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Peripherals 


I/O Port 

IN 00H or OUT 00H select the 8-bit parallel I/O port, which 
basically is two octal latches with tri-state outputs. The 8 
output bits may be connected to a master 8-bit data bus. 
When an external 8-bit data word is latched into the input 
octal latch, an interrupt causes this to be enabled on the 
uPdata bus, when acknowledged with the instruction IN 
OOH. To output to the master databus, OUT 00H causes 
the mP data to be latched into the output latch and this 
also provides an external interrupt to the master system. 
The master can then read this data by enabling the out- 
put octal latch. Data can be transferred fast because the 
I/O port normally has the highest priority interrupt (IR 3 of 
the 8259), when required. 

Interrupt Controller INS8250 

This was also mentioned in an earlier section. At initiali- 
zation, it is set up to remain in the fully nested mode, so 
that only higher priority interrupts may interrupt an 
existing interrupt. Otherwise a lower priority interrupt 
has to wait for the higher one to finish. Normally the 
horizontal sync interrupt to IR2 is masked off if there is 
no need to change ROW START or soft scroll display 
data off the screen line by line. The I/O address to select 
the 8259 can be either 10H or 11H; refer to the 8259 data 
sheet and the software to determine whether AO is ‘0’ or 
‘T. Each interrupt routine has to end with a SET END OF 
INTERRUPT instruction. 

Keyboard 

The instruction IN 18H reads the ASCII data on the key- 
board after a keyboard interrupt has been acknowledged. 

Serial I/O Using the ACE INS8250 

The INS8250 with its associated EIA RS 232 interface 
allows serial data to be received or transmitted 8 bits at 
a time, with the instructions IN 20H or OUT 20H. The 
baud rate is previously determined as described in the 
software section. Other ACE registers may be 
accessed, by connecting AO, A1 and A2 of the pP 
address bus to the same designations on ACE, so that 
ACE addresses are from 20H to 26H. During block 
transfers, such as dumping a picture on the screen into 
an external memory, or loading from the memory, the 
higher priority inputs can be masked off for fast 
transfers. 

Baud Rate Switch 

See ‘Baud Rate’ for application, the instruction OUT 
28H will read the 4 switch positions. 

A/D Converter ADC0808 

This 8 analog channel, 8-bit A/D converter, has first to 
be initializeded to commence a conversion on one of 
the channels. Address bits AO, A1 and A2 are used to 
select the channel, so that instruction OUT 3nH starts a 
conversion on INPUT n. The conversion takes about 
100/js with the 780kHz clock, so the pP can continue 
operating during conversion. The END OF CONVERSION 
signal then interrupts the ^P, which when acknow- 


ledged reads the 8-bit data with the instruction IN 3nH, 
although n is not important in reading the A/D. 

The A/D converter being only one 28-pin chip, is ideal for 
demonstrating the graphics capabilities of the system. 
For instance, an x-y joystick can be connected to INPUT 
0 and INPUT 1, so that the movement of the joystick 
draws on the screen. 


2k BYTES 

T, 



: interrupt controller: 

KEYBOARD 


ACE (8 REGISTERS) 
— BAUD RATE 


8 CHANNEL A/D CONVERTER 


Figure 15. I/O and Memory Map 
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System Operation and Software 

The software was developed purely for demonstration 
purposes to show the versatility and power of the 
system. All the software has been tested, but the system 
could be much more powerful with additional software. 
The 13k bytes of back-up RAM are also useful in this 
respect. The software was developed on National’s 
STARPLEX™ Development System. The instruction set 
so far is just under 4k bytes, so two 2716’s are used, but 
these may be replaced by 2732’s if the chip select pins 
are reconnected, so that extension up to 8k bytes is pos- 
sible with no extra 1C sockets. 

Parameter Definitions 

The software is structured as in Figure 16. The 
philosophy was to make it versatile, easy to understand, 
and easy to modify or add to. 

The registers are stored in the dynamic RAMs starting 
at FEOOH in the non-display section. The Top of Stack is 
also in the RAMs at the highest location, FFFFH. This 
allows for about 240 nested two-byte PUSHes or CALLS, 
which is comfortable. Any register may easily be relo- 
cated merely by changing its address, similarly any new 
registers may be added to the list. 

The addresses of the various memory and I/O locations 
are also listed and defined in the front section so these 
can be changed as desired. 

For complete versatility, the display parameters are 
also listed in the front section so that any different 
value of parameters from those listed need be changed 
only in this section. The values of the parameters or 
constants are those of the standard DP8350 around 
which the hardware has been designed. 

Thus by defining most parameters in the software once, 
at the beginning, the subsequent routines/subroutines 
will be valid for different applications and should not 
need to be altered, merely added to. Not many macros 
were used in order to save EPROM instruction space 

Interrupt Entry Locations 

These are in 8-byte increments beginning at 0010H. The 
16 bytes before this are saved for power-up initialization 
to disable interrupts and set Top of Stack. 


Each interrupt location calls that interrupt subroutine. 
At the end of the subroutine, the system returns to 
output an END OF INTERRUPT to the 8259, and then 
returns to the original subroutine in progress when the 
higher priority interrupt occurred. If no interrupt was in 
progress, the program returns to the WAIT LOOP which 
enables all unmasked interrupts to the pP. 

Look-Up Tables 

This has three sections. First, the BAUD RATE DIVISOR 
look-up table contains all the 16-bit divisors required for 
baud rates from 110 baud to 19k baud. 

The next look-up table contains PROGRAM LABELS, 
used in the SEARCH FOR PROGRAM subroutine. The 
first row contains all the first characters of the program 
labels, the second row contains the second character, 
up to the fourth row contains the fourth character. Each 
program consists of four characters. 

The third table is the address list so that once the 
SEARCH subroutine has located the desired label, it 
alters the program counter to the equivalent section of 
this table, which then calls up the program requested. 



REGISTERS 

PARAMETER 

ADDRESS 

DEFINITIONS 

CONSTANTS (8350 PARAMETERS) 


MACROS 



INTERRUPT RESTARTS 


LOOK-UP TABLES 


SYSTEM INITIALIZATION 


INTERRUPTS - VERT. KBD, A/D, ACE 


DUMB 

SPCE, RET. HTAB, VTAB, BACK SPCE 

TERMINAL 

LNFD, ATTRIBUTE, CLR ROW RIGHT 

FUNCTIONS 

SYMBOL, TAB, BAUD, CLR ROW, START. 


DISPLAY SELECTED CHARACTER 


HOUSEKEEPING - WAITS. ENDS 


CONVERSIONS 


ENTER DECIMAL NUMBERS & CONVERT TO BINARY. 
CONVERT Y AND X INPUTS TO DOT ADDRESS, WORD. 
CONVERT A/D CONVERTER INPUTS TO X, Y. 


DISPLAY PROGRAM 
REQUESTS, ETC. 

‘X = ’ ETC. 

•NUMBER TOO BIG’, ETC. 


1 

GRAPHICS 

PROGRAMS 

CLSC, LIST, PLOT, BYTE, HCHR, VLIN, HUN, 
DOTS, MOVD, WAVE, RECT, DMPO, DMPI, SAVE 
LOAD. DRAW, PONG, EXT N 


SYMBOLS. DRAWING SEQUENCES 


Figure 16. Graffiti — Software Structure 
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System Initialization 

After disabling interrupts and setting Top of Stack, the 
32k addresses of RAM are cleared one byte at a time, so 
that the screen is blank within half a second of switch- 
on. The cursor is then homed to the first character 
position. First the Top of Page register is set to 0 in the 
CRTC and then the cursor register is set to 0, both in the 
RAM and the CRTC. The column count is also reset. 

The ACE is next set up including the baud rate (see 
Baud Rate section). Next, the Interrupt Controller is set 
up, and after this the system enters the WAIT LOOP 
system, enabling the interrupts to wait for an interrupt. 

Interrupts 

1) Horizontal Interrupt is normally masked off but may 
be unmasked for two reasons: either during scrolling, 
so that each row can be soft scrolled off the screen a 
line at a time, or during editing to delete a row, so 
that a jump in ROW START to the next row has to 
occur every frame at this new row. This new row must 
be loaded after horizontal blanking of the last line 
before the jump row is to begin. 

Note that if the ROW START register is not loaded, 
each row start address is the last display address 
incremented. 

2) Port Interrupt is normally masked off, but must be 
unmasked if transfer of data to a master system is 
necessary. 

3) Vertical Interrupt is used for two purposes. One is to 
scroll the display by one row, once the scroll 
semaphore bit has been set in one of the associated 
subroutines, this is begun at vertical interrupt so that 
screen flicker does not occur. The other is to change 
a graphics display every frame so that smooth transi- 
tion of a subject across the screen is attained. An 
example of this is the program PONG. The flow chart 
for Vertical Interrupt is shown in Figure 17. 

4) ACE Interrupt is by far the most complex because 
data received by this chip then has to be operated on 
to determine what action to take. The flow chart for 
ACE Interrupt is shown in Figure 18. Assuming the 
interrupt is because ACE has received data available, 
the ASCII data is checked for a function input. If not 
a function, but a program is already in progress 
awaiting inputted data, then this character is saved 
in the Input Character register. If the character was 
entered while the cursor was in the first four 
positions of a row, then the character is saved in a 
register determined by the column position of the 
cursor. This saves the character to recall it in a look- 
up comparison later, while searching for a program. 
Unless the ASCII code was a function, the character 
is displayed in the cursor positon (see Displaying 
Characters). 


If the ASCII code entered is a function, then first 
CARRIAGE RETURN is checked for. If negative, then 
all the other functions are checked for and if positive, 
that particular function is executed. If the input is in 
fact a carriage return, then a check is made to see if 
the cursor was in the 5th position, signifying a four 
character graphics program has been requested. The 
system then goes to search in a look-up table for a 
program corresponding to the four ASCII characters 
entered in order. If a program is found, the system 
then calls the requested graphics program and exe- 
cutes it. If not, then a carriage return is executed. 

5) Keyboard Interrupt in most systems is a simple 
subroutine, merely accepting the ASCII data word 
from the keyboard and outputting it to the ACE (see 
Displaying Characters). 

6) A/D Converter Interrupt sets the A/D semaphore bit. 



RETURN 


Figure 17. Vertical Interrupt Flow Chart 
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Figure 18. ACE Interrupt Flow Chart 
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Functions 

A number of dumb terminal functions are available with 
the present software: carriage return, line feed, advance 
cursor, backspace, up cursor, tab 8 postions, clear row, 
clear row right of cursor, scroll up one row, and 
selecting attributes. Attributes available are half- 
intensity characters and character inversion. Each 7-dot 
location has its own attribute bit. 

Baud Rate 

The 4-bit BAUD SWITCH is used to select the BAUD 
RATE at switch on, or during operation if CTL E is 
entered. The pP then reads the switch setting and loads 
the corresponding 16-bit BAUD RATE DIVISOR into the 
INS8250 Asynchronous Communications Element. Baud 
rates from 110 to 19k are available, and up to 56k is 
feasible if the 8080A-2 pP is selected for fast data rates. 

Displaying Characters 

When a key is depressed, the keyboard outputs the 
ASCII code of the key selected, which is read by the pP 
when the keyboard interrupt is acknowledged. The pP 
then outputs the same ASCII data to the INS8250 ACE 
to be transmitted serially via the RS232 interface. This 
can be connected to a main computer, or an identical 
terminal, or back to the serial input of the ACE. When 
the ACE receives the returning 8 bits, it outputs a RE- 
CEIVED DATA AVAILABLE INTERRUPT or RCDA. The re- 
ceived data is then read by the pP, which selects the ASCII 
character from the 128 character ROM (MM52116FDW) 
using the ASCII code as address. The alphanumeric 
character is copied line by line into the dynamic RAM in 
the position of the cursor. 

Initially all RAM locations are ‘0’ and the dots are 
written as ‘T, in a 7-dot word. See Figure 19. Then every 
frame, as the 8350 scans each line, the 7-dot word for 
each character postion is latched from the RAM into the 
7-bit shift register, and outputted serially during the 
next 7-dot cycle so that each ‘1’ appears as a dot. The 
standard ASCII characters are displayed in a 7 line by 5 
dot format or font. The 7 lines are copied line by line into 
the first 7 lines of the 10 line character field, leaving 
lines 7 through 9 as vertical spacing between charac- 
ters. Data bits 1 through 5 are used for characters, 
leaving dots 0 and 6 as spacing between adjacent char- 
acters. The keyed character then appears on the screen 
and the cursor is incremented to the next position. 

Additional Symbols 

An additional 2716 EPROM with pre-programmed 
electronic symbols can be selected instead of the ROM, 
so that circuit diagrams can be drawn on the screen. 
Each symbol in the EPROM can be 10 lines of up to 7 
dots so that each character may be continuous into the 
next — a necessity for circuit diagrams. The EPROM is 
selected by typing CTL Z on the keyboard and then a 
key, which can be either upper or lower case. This then 
displays the appropriate symbol in a similar manner to 
an alphanumeric character. To return to alphanumerics 
again, another CTL Z is required from the keyboard. 

Two sequences are also stored in this EPROM, at 
addresses 1D00H and 1E00H. When either of these are 
called up by the program DRAW, a circuit diagram is 
drawn on the screen. This is an efficient way of storing 


circuit diagrams. Each circuit sequence, requires about 
200 bytes, which is not a lot to cover most of the screen, 
much less than the 19k bytes normally required to save 
every dot. 

Although the symbol EPROM was programmed for elec- 
tronic symbols, other kinds of symbols may be pro- 
grammed into this EPROM, such as mechanical symbols. 

Programming this EPROM is not easy. Assuming ASCII 
characters are to be used to select each symbol,- then 
the addresses A 6 ,A 5 , A 4 must be 100, 101, 110, 111 corres- 
ponding to ASCII codes 4XH to 7XH, where X is address 
A 3 , A 2 , A,, A 0 . The 4 lines LC 3, LC 2, LC 1 and LC 0 go to 
address bits A 10 , A g , A a , A 7 . The EPROM is selected with 
00011B to A 15 , A 14 , A 13 , A 12 , A 1v In other words, to select 
the first line of character A (41 H), the address would be 
1841 H, and for the second line 18C1H etc. 



RETURN 


Figure 19. Displaying a Character 
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INPUT y INTO ACC 


PRINT "NUMBER TOO BIG" 



SET ROW START AT -80 


INC. ROW START BY +80 
SUBTRACT to FROM y 


IS RESULT 
NEGATIVE? 


SAVE ROW START 


ADD 10 TO RESULT TO 
OBTAIN LINE NUMBER 


SHIR LER 3 POSITIONS 
TO CREATE MODIFIED 
LINE NUMBER 


SET MSB TO 1 TO 
ADDRESS DYN. RAMS 
AND SAVE LINE NUMBER 


IS H NOW ZERO? 


THEN COL. NUMBER IS 
256/7 OR 36 REM 4 


SR DOT NUMBER TO 4 


IS H NOW ZERO? 


IS RESULT 
NEGATIVE? 


ADO 7 TO RESTORE 
DOT NUMBER 

ADD COL. NUMBER TO 
ROW START IN H.L. 

H.L NOW CONTAINS 
CHARACTER POSITION 
IN ADDRESSES A 10 TO Ao 


ADO SAVED LINE 
NUMBER IN Am TO An 
WITH A 15 = 1 

H,L NOW CONTAINS 
RAM ADDRESS OF 
CHARACTER POSITION 
AND LINE NUMBER 

REG CONTAINS DOT NO. 


|SETCARRY=0,ACC=80Hl 


INPUT x INTO H, L 


STORE L IN ACC 
RESET COL NUMBER 


DOES H CONTAIN 
v ZERO? ^ 


IS L REG > 
.560-512 OR 48? „ 


THEN COL. NUMBER IS 
512/7 OR 73 REM 1 


SET DOT NUMBER TO 1 



SAVE DOT WORD 


OR WITH DOT WORD 
IN RAM LOCATION 


Figure 21. Flow Chart to Add Dot x, y to Display 
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Graphics Programs 

To perform various graphics functions it was decided to 
select the necessary software with four letter program 
labels, followed by a carriage return. As long as the 
label derived starts at the first column of a row, the 
program requested is called up and executed. Some 
programs request information from the operator. PLOT 
is an example of this, where the values Y1 and XI are re- 
quested by the display. The user types in the desired 
values in normal decimal, signifying the end of the num- 
ber with a carriage return. After both y and x have been 
entered, the program continues, in this case plotting a 
dot at Y1, XI. 

Conversion of Entered Decimal Numbers 

The conversion of the decimal numbers entered and 
saved in the Input Number registers, is performed by the 
subroutine ENTR. First the last decimal number entered 
(obviously units) is tested for ASCII number units and 
then saved. The second number (tens) if entered, is then 
tested and decremented until 0 is reached, and each 
decrement, 10 is added to the total number. Then the 
third number (hundreds) is tested and decremented to 0, 
each time 100 is added to the total. At the end of the 
conversion, H, L register contains the total number in 
binary. This is then saved in the respective register. 

Conversion of 2 Hexadecimal Characters to an 
8-Bit Word 

This subroutine takes 2 ASCII characters each in the 
range 0 to 9, A to F, and converts them to a binary word. 
First, the 3 ASCII code bits are masked off the number 
first entered. This is shifted left 4 times and added to 
the masked off 4 bits of the second number entered. 
This 8-bit word is now 7 dots plus one attribute bit. With 
this method, it is easy to write/read words quickly on to 
the display, in the selected location. This can be 
demonstrated with the program DMPI (dump-in) as in 
the next two sections. 


Display Loading 

The starting address is first entered (anywhere from 
8000 FI to FDFFFI) by keying in the first two hex numbers 
when requested by B = (byte), no carriage return, then 
the last two hex numbers. This is repeated for the end 
address. The bytes are then entered 2 ASCII characters 
at a time. If the addresses are between 8000F1 and 
CFFFFI, the words will appear on the display. For 
example, 7F will appear as 7 dots, or 83 will appears as 
the 2 right-hand dots with attribute. In this way a picture 
can be loaded on to the display. 

Use of Back-up RAM 

If the DMPI addresses are between DOOOH and FDFFFI, 
the information is stored in the back-up RAM. This is 
useful for in-system emulation, for example. By calling 
up the program EXT0 (External 0), if a program has 
previously been loaded in the back-up RAM, starting at 
address D000FI, this program will then be executed after 
EXT0, carriage return. Another use of this section of 
RAM is the storage of different sequences of circuit 
diagrams other than those in the symbol EPROM. The 
program DRAW can then call up the starting address. 

Additional Software 

The power and versatility of this system is easily 
demonstrated with the existing software. This can be 
added to as required with new software, calling up 
existing subroutines where possible. Up to 4k bytes of 
additional software can be incorporated without any 
hardware modifications (other than moving two links to 
select 2732s instead of 2716s). 

Conclusion 

So using all National Semiconductor ICs, at a cost of a 
few hundred dollars, the hardware for an intelligent 
terminal with full graphics capability can be fitted on 
one BLC80/SBC80 size card. The design is easily 
expandable to systems requiring color. The biggest 
modification is to the memory; instead of one bit per 
dot, 3 bits are required for blue, green, and red, to give 8 
possible combinations per dot. A small number of extra 
logic ICs are required, as are minor additions to the 
software. To select the color, a CTL key can be used 
followed by the code for the color. This color will then 
be written until changed by the CTL key. A different CTL 
key followed by a number could previously have set the 
background. 
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EXTERNAL C5 
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NOTES 1. STROBE INPUT MUST BE POSITIVE ( + ) 

2. ALL DEVICES BYPASSEO WITH 

0.1 50VDC CAPACITORS BETWEEN 
SUPPLY VOLTAGES AND GROUND. 

3. UNLESS OTHERWISE SPECIFIED. SSI 
LOGIC POWER AS FOLLOWS. 

V CC = PIN 14 
GND = PIN. 7 

4. FOR SERIAL TRANSFER TO OTHER 
SYSTEMS. LINK E1-E2. E3-E4. E5-E6. 


DP8350/INS8080 Full Graphics Video Terminal System — Peripheral Interface Block 
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DP8350/INS8080 Full Graphics Video Terminal System — Memory Control 










Layout of DP8350/INS8080 Graphics 


Present Capabilities of Alphanumerics/Graphics System 

Dumb Terminal Functions 

** All 128 ASCII Characters Displayable 
** Space 

** Carriage Return 

** Horizontal Tab (— )or(CTLL) 

** Backspace (-)or(CTL H) 

** Linefeed (i)or(CTLI) 

** Vertical Tab (t)or(CTLK) 

** Select/Deselect Attribute (CTL R) with SW-1 or S-3 

** Tab 8 Spaces (Tab) (CTL T) 

** Clear Cursor Row (CTL X) 

** Clear Row Right of Cursor (CTL S) 

** Initialize System (CTL A) 

** Select Baud Rate from 110 to 19,200 Using S-1 and CTL E 
** Scrolling Upwards 

Non-Standard Character/Symbol Selection 

** By selecting CTLZ, symbols can be displayed for each key of the keyboard, including shifted and control keys. Also 
can deselect back to standard ASCII characters with CTL Z. 








Graphics Programs 

*CLSC: Clears screen only, leaving 13k back-up RAM 

unaffected. 

'LIST: Lists all graphics programs. 

'PLOT: Plots a dot at X, Y. X is the number of hori- 

zontal dot positions from the left of screen, 
from 0 to 7 x 80 for the 8350, i.e., 0 < x < 

559. Y is the number of vertical dots from 
the top of the screen, from 0 to 10 x 24, i.e, < 
0 <Sy 239. The operator keys in the decimal 
values of Y and then X when requested by 
the display. 

*VLIN: Draws a vertical line between Y1 and Y2 at 

X. These values are entered decimally by 
keyboard when requested by the display. 

*HLIN: Draws a horizontal line between XI and X2 

at Y1. These values are entered decimally by 
keyboard when requested by the display. 

*RECT: Draws a rectangle linking lines XI, X2, Y1, 

and Y2. 

'PONG: Bounces a dot around the screen between 
the four walls of the display. 

'DRAW: Draws a diagram on the screen from a 

sequence'of operations saved in ASCII code 
in memory. The START address of the 
sequence is determined by the first four 
hexadecimal characters entered on the 
keyboard. The address 1D00H selects a DC 
voltage restoring circuit sequence located in 
the symbol EPROM. Address 1E00H selects 
a logic circuit and waveforms. Test 
sequences can be loaded into back-up RAM 
using program ‘DMPI’ at the starting and 
end address entered. This start address is 
then called up by ‘DRAW.’ The end address 
must contain 0 (zero). 

'SAVE: Saves in the back-up RAM a section of 

display contained within rows R1 to R2, and 
columns Cl to C2. These values are entered 
decimally by keyboard when requested by 
display. The start address in the back-up 
RAM is selected by the first four 
hexadecimal characters entered on the 
keyboard. 

'LOAD: Loads from the back-up RAM to a section of 
display bounded by R1, R2, Cl, C2. These 
values are entered decimally by keyboard 
when requested by the display. The back-up 
RAM start address is selected as in SAVE. 

'DOTS: Plots N dots on any line Y1 at postions XI, 
Y1; . . . XN, Y1; and then any new line 
entered in decimal by the operator. Ends the 
program by entering 0 (zero) when the next 
Y1 is requested. 


Uses the 8-channel 8-bit A/D converter to 
monitor the voltages on a X-Y joystick, an 
inhibit-draw switch, and an exit-program 
switch. In the DRAW mode consecutive dots 
are plotted to create a picture as described 
by the movement of the joystick. All these 
input signals are connected to the first A/D 
socket. In the inhibit DRAW mode the dot is 
moved around by the joystick as a cursor, 
and by keying in from the keyboard the 
desired charcter, this character will appear 
in the character field of the dot.This moving 
dot can be used to erase existing dots, or 
erase characters by keying ‘SPACE’ in the 
desired position. To exit the program, set the 
EXIT program switch in EXIT-DRAW mode 
with the Inhibit-Draw Switch in INHIBIT. 

Uses the A/D converter to create waveforms 
on the screen when the signals are 
connected to the second A/D socket. 

Unloads any part of RAM to an external 
system starting at an address keyed in by 
the operator in hexadecimal characters (four) 
and ending at another similarly entered 
address. The RAM is unloaded 7 dots at a 
time per line of character and converted to 
two ASCII characters and then transmitted 
serially. 

Loads any part of RAM from an external 
source (or the keyboard) starting at an 
address selected by the first four 
hexadecimal characters entered on the 
keyboard and ending at another similarly 
entered address. The RAM is loaded 7 dots 
at a time per line of character, keyed in by 
two hexadecimal characters, for each word. 
The addresses selected can be display 
addresses 8000H to CFFFH or back-up RAM 
addresses D000 to FFFFH (warning: FE00H 
upwards are registers and FFFFH 
downwards are stack). Thus a complete 
picture could be loaded on to the display. 
Alternately a program could be loaded into 
back-up RAM at EXTO (DOOOH), EXT 1 
(D800H), EXT2 (E000H), or EXT 3 (F000H). the 
characters ‘EXTn’ can then be typed in on 
the keyboard and this will then select the 
instructions beginning at address EXTn. 

Thus in-system emulation is easily 
accomplished. 

Executes a program beginning at RAM 
address DOOOH. The program must 
previously have been entered using DMPI 
selecting DOOOH as the starting address. 

As EXTO but starts at D800H. 

As EXTO but starts at EOOOH. 

As EXTO but starts at FOOOH. 
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Software Design for a High 
Speed (38.4 kbaud) 

Data Terminal 


INTRODUCTION 

This application note describes a high speed CRT ter- 
minal designed around the DP8350 CRT controller and the 
INS8080 microprocessor. The hardware is a modified ver- 
sion of the circuit described in Application Note AN-199. 
The software was redesigned and optimized for terminal 
speed and function. In its present form it is upwards com- 
patible with the Hazeltine 1500 video terminal and has a 
limited graphics capability. Furthermore, it is able to 
communicate with a host computer via an RS-232 port, at 
38.4 kbaud, without using fill-in characters or handshak- 
ing. One 2k by 8 EPROM contains all the software required 
to implement the terminal. An optional EPROM can be 
used to add features such as menu display or to transform 
the terminal into a calculator (in the local mode). The 
absence of the second EPROM does not affect the opera- 
tion of the terminal as the software checks for its 
presence. 

DATA TERMINAL FEATURES 

■ Modes: remote/local 

■ Limited graphics 

■ Window scrolling 

■ Line transmitting and local editing 

■ Hazeltine 1500 compatible* 

■ Video display: two pages, 24 x 80 characters/page 

■ Upper/lower case 

■ Scrolling plus screen roll up/roll down 

■ Cursor: blinking (two rates) 

■ Line, character insert/delete 

■ Attributes: dual intensity/inverse video 

■ Full duplex RS-232 port; 110-38400 baud 

■ Keyboard input: 7-bit parallel 

■ Full cursor control and addressing 

■ Cursor enable/disable 

■ Single board (BLC/SBC) compatible design 

*The majority of the software written for the Hazeltine 1500 will run with 

no modification. However, there are differences. 
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UNIQUE FEATURES 

Graphics Capability: The graphics capability of this 
terminal, although limited by the number of symbols (34), 
proves to be very helpful. Typical uses include digital 
waveform generation (e.g., logic analyzer display), and 
graph oriented displays such as histograms. A graphics 
menu is available in the local mode. Entering t from 
the keyboard will result in a two line menu display. Line 

23 displays upper and lower case characters, while line 

24 displays the corresponding graphics symbols (see 
Figure 3). In local, entering IB will switch the terminal to 
the graphics mode; the ESC key can be used to exit. In re- 
mote mode, the format requirements for graphics display 
generation are summarized by the flowchart shown at 
the bottom of this page. 

The same flowchart can be used in local, if the ‘‘lead-in”* 1 
block is omitted. 

Typical transmission sequences are: 

7E, 02, 42, 10, IB 

7E, 02, 63, 10, 10, 10 10, IB 

7E, 02, 42, 8, 8, 8, 4A, 7E, 0C, 7E, 0C, IB 

All the graphics symbols, along with the upper and lower 
case characters, are coded into one 2716 EPROM. As a 
result, both the character set and the graphics symbols 
may be customized. The total number of available fonts is 
128. The field on each displayed character is 7 rows by 10 
columns. The alphanumeric symbols occupy a 5 by 7 sub- 
field typically, except for those requiring descenders; they 
occupy a 5 by 9 section, while the graphics symbols utilize 
the whole 7 by 10 field. 

Transmit: The data terminal can transmit one line of text 
upon receipt of the 14H code from the keyboard in local 
mode. Alternately, the host CPU can request transmission 
by sending 14H prefixed by the 7E lead-in code. 


*Note that t indicates a control key entry. 
^Lead-in code: 7E. 



* ‘Includes the ASCII characters A-Q, a-q, space and DEL. 
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The same function can be used in a relatively unconven- 
tional way when programming in BASIC. The majority of 
BASIC interpreters used in small business systems or 
home computers incorporate a line-oriented editor, almost 
adequate for most of the tasks they have to perform. The 
basic problem with such editors is that they cannot 
change the flow of the program easily. In other words they 
cannot change line numbers. This is a shortcoming, as it is 
both annoying and tedious having to retype segments of 
text in order to change the program flow, just because the 
editor cannot handle altering line numbers only. 

This terminal offers an efficient solution to this problem. 
Simply stated, it allows changing line numbers only. Here 
is a brief description of a typical sequence leading to text 
and/or line number modification. Let us assume that a 
BASIC interpreter is used and that the program that needs 
to be changed is in memory. Using the list command, the 
program lines to be modified can be displayed. Now, while 
in the Command Mode of BASIC, the terminal is switched 
to local. The user has effectively at his disposal a screen- 
oriented editor. The cursor can be moved about and text 
changed as desired; that, of course, includes line 
numbers. When the editing is completed, the user posi- 
tions the cursor on the line that was altered and types IT. 
In response, the cursor scans the line, inverting the attri- 
butes. At the same time the line is transmitted to the host 
CPU in the same order as it was scanned, from left to right. 
Attribute inversion serves as feedback to the user. After 
the last character of each line has been transmitted, the 
cursor returns to the beginning of the following line. As a 
result, consecutive IT keyboard entries transmit succes- 
sive lines. Thus, altering the flow of a BASIC program in- 
volves entering the local mode, changing line numbers, 
transmitting the modified program lines, and switching 
back to on-line operation. All this can be accomplished at 
a fraction of the time usually required otherwise. Finally, 
entering similar lines of text such as the ones found in 
“PRINT” statements, can be accomplished easily by 
switching to local, typing the first line and transmitting it; 
then moving the cursor up one line, changing the line 
number along with parts of the text that are different, re- 
transmitting the line, and so on. In this way the user can 
create a long program segment while operating repetitive- 
ly on one line. 

Insert/Delete with Range: This is a rather unusual func- 
tion that can assist in generating psuedo “screen 
window” effects. Specifically, a pre-selected number of 
display lines can scroll while the rest of the display re- 
mains fixed. Each “window” is defined as N lines by 80 
characters, where: 1<N<48, counting from the current 
cursor location to the end of page. The brief BASIC pro- 
gram that follows demonstrates the use of this function. 
In this example the display lines 1 through 4, and 19 
through 24 remain “frozen’.’ The message (100 lines long) 
is displayed on lines 5 through 18, demonstrating the 
scrolling of a section of the display. 

100 PRINT CHR$ (&H7E) + CHR$(&H11) + “ d”; 

110 FOR I = 1 TO 100 

120 PRINT CHR$ (&H7E) + CHR$ (&H1D) + CHR$ (&H49) 
+ CHRS (12); 

130 PRINT, “WINDOW SCROLLING LINE:”, I, 

CHR$ (&H0D); 

140 NEXT I 


80 Character Software FIFO: This is one of the key items 
that allows terminal communication at 38.4 kbaud without 
handshaking. An 80 character first-in, first-out software 
buffer is used. The incoming characters are stored tempo- 
rarily in this buffer, while the microprocessor is servicing 
interrupts. As time becomes available, the characters are 
retrieved from the FIFO and processed. That includes per- 
forming a terminal function or moving an ASCII character 
to the video memory. The software allows for a large 
number of concurrent service requests such as row start, 
keyboard, as well as multiple ACE interrupts. 

Fast Service Routine for Row Start Interrupt: Conven- 
tional row start address look-up and loading are not done 
during the row start interrupt time; instead, a simple row 
counting routine is used. The terminal count (a software 
counter) generates a triggering signal for video RAM wrap- 
around address loading. The use of this technique im- 
proves the system throughput substantially. Cursor and 
Top of the Page address loading (i.e., writing to the appro- 
priate DP8350's registers) is done during the vertical 
retrace interval. 

Keyboard Controlled Mode Selection: The operating 
mode of the terminal can be selected from the keyboard. 
To aid the user in identifying which mode the terminal is in, 
two cursor blinking rates are used. The low rate indicates 
remote mode; a high rate indicates local. 


Other functions that can be selected from the keyboard 
are: 

1) Upper/lower case. The default mode upon power up is 
determined by reading the SW3 switch setting. 

2) Next page. A software switch that selects for display 
page one or two. 



Read Cursor In the local mode the present cursor loca- 
tion can be displayed on line 24, columns 79-80. For exam- 
ple, if the cursor is located on line 8, column 66, entering 
I E from the keyboard will result in a display of "Ag” at the 
bottom right hand corner of the screen. This can save time 
in looking up the ASCII equivalent codes of the X, Y cursor 
coordinates to be used in cursor addressing. (Note that, 
tE = ENQ = 05H.) 


The following is an example of how this could be used in a 
BASIC program. 

PRINT CHR$ (&H7E) + CHR$ (&H11) + “Ag" 


Upon execution of the above statement, the cursor will 
move to line 8, column 66. 


Menu Display: In the local mode the user has access to a 
menu display that summarizes the terminal’s functions, 
along with the corresponding control codes (see Figure 1). 
This feature is optional and resides in EPROM #2. The im- 
portant thing to note is that various kinds of menu/HELP 
displays can be implemented easily in this fashion. This 
function can be accessed from the keyboard. Alternately, 
a dedicated HELP key (that generates the ID code) can be 
used. 
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FIGURE 1. Sample Menu Display 
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FIGURE 3. Graphics Menu Shown at the Bottom of the Screen 


A complete listing of the software for the “High Speed Data Terminal” can be found on pages 5-84 through 5-103. A HEX dump 
of the character generator set is included on pages 5-82 and 5-83 and the schematic diagram on pages 5-79 and 5-80. 
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CONTROL FUNCTIONS SUMMARY 

Functions 

On-Line / Local 

Remarks 

Cursor Move/Control 

Line feed 

OA / OA 


Carriage return 

OD / OD 


Tab 

09 / 09 


Cursor up 

7E, 0C / 0C 


Cursor down 

7E.0B / OB 


Cursor left 

08 / 08 


Cursor right 

10 / 10 


Home 

7E, 12 / 12 


Home and clear 

7E, 1C / 1C 


Enable cursor 

7E, 03 / 03 


Disable cursor 

7E, 06 / 06 


Address cursor 

7E.11.X, Y / 

Remote only 

Read cursor 

7E.05 / 05 


Insert 

Character insert 

7E, IE / IE 


Line insert 

7E, 1A / 1A 


Line insert with range 

7E, 1D,49,Y 

Remote only 

Delete 

Character strip 

7E, 04 / 04 


Character delete 

7F / 7F 


Line delete 

7E, 13 / 13 


Linedeletewith range 

7E, 1D,53,Y / 

Remote only 

Cleartoendof line 

7E, OF / OF 


Cleartoendof page 

7E, 17 / 17 


Miscellaneous 



Local/remote 

/ 00 

Local only 

Upper/lowercase 

/ 7E 

Local only 

Next page 

7E,0E / 0E 


Keyboard lock 

7E, 15 / 15 


Keyboard unlock 

7E, 03 / 03 


Bell 

07 / 

Remote only 

Special Functions 



Function menu 

/ ID 

A summary of available functions and their corresponding 

Graphics on 

7E, 02 / 02 

codes (local mode only). 
Enter graphics mode. 

Graphics off 

7E, IB / IB 

Exit graphics mode. 

Graphics menu 

/ 11 

Line 23 displays upper and lower case characters and line 

Line transmit 

7E, 14 / 14 

24 the corresponding graphics symbols (local). 
Transmits the cursor line and inverts its attributes. 

Foreground follows 

7E, IF / IF 


Background follows 

7E, 19/19 


Clear foreground 

7E, 18 / 18 


Scale 

/ 07 

The line above the cursor becomes a scale (1-80). This is 

Roll up 

7E, 01 / 01 

an aid for graphics and text alignment (local). 

Roll down 

IE, 16 / 16 
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ADDR 


0 


1 


CHARACTER GENERATOR HEX DUMP (Continued) 


3456789ABCDEF 


400 

0 

1C 

22 

2E 

2A 

2E 

20 

IE 

0 

0 

0 

0 

0 

0 

0 

0 

410 

0 

1C 

22 

22 

3E 

22 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

420 

0 

3C 



3C 

22 

22 

3C 

0 

0 

0 

0 

0 

0 

0 

0 

430 

0 

1C 

2~» 

20 

20 

20 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

440 

0 

3C 

22 

22 

22 

22 

22 

3C 

0 

0 

0 

0 

0 

0 

0 

0 

450 

0 

3E 

20 

20 

3C 

20 

20 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

460 

0 

3E 

20 

20 

3C 

20 

20 

20 

0 

0 

0 

0 

0 

0 

0 

0 

470 

0 

1C 

22 

20 

20 

2E 

22 

IE 

0 

0 

0 

0 

0 

0 

0 

0 

480 

0 

22 

22 

22 

3E 

^2 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

490 

0 

1C 

e 

8 

8 

8 

8 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

4A0 

0 

IE 

4 

4 

4 

4 

24 

18 

0 

0 

0 

0 

0 

0 

0 

0 

4B0 

0 

22 

24 

28 

30 

28 

24 

22 

0 

0 

0 

0 

0 

0 

0 

0 

4C0 

0 

20 

20 

20 

20 

20 

20 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

4DC 

0 

22 

36 

2A 

2A 

22 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

4E0 

0 

22 

22 

32 

2A 

26 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

4F0 

0 

1C 

22 

22 

22 

22 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

ADDR 

0 
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3 

4 

5 

6 

7 

8 

9 

A 

B 

c 

D 

E 

F 
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0 
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22 

22 

3C 

20 

20 

20 

0 

0 

0 

0 

0 

0 

0 

0 

510 

0 

1C 

22 

22 

22 

2A 

24 

1A 

0 

0 

0 

0 

0 

0 

0 

0 

520 

0 

3C 

22 

22 

3C 

2B 

24 

22 

0 

0 

0 

0 

0 

0 

0 

0 

530 

0 

1C 

22 

20 

1C 

£7 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

540 

0 

3E 

8 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

550 

0 

22 

22 

22 

'22 

22 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

560 

0 

22 

22 

22 

14 

14 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

570 

0 

22 

22 

->-> 

2A 

2A 

2A 

14 

0 

0 

0 

0 

0 

0 

0 

0 

580 

0 

22 

22 

14 

6 

14 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

590 

0 

22 

22 

22 

1C 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

5A0 

0 

3E 

2 

4 

8 

10 

20 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

5B0 

0 

E 

8 

8 

8 

8 

B 

E 

0 

0 

0 

0 

0 

0 

0 

0 

SCO 

0 

20 

20 

10 

8 

4 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

5D0 

0 

38 

8 

8 

8 

8 

8 

38 

0 

0 

0 

0 

0 

0 

0 

0 

5E0 

0 

8 

1C 

2A 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

o 

0 

5F0 

0 

0 

8 

10 

3E 

10 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 


ADDR 

0 
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2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 

D 

E. 

F 

600 

10 

8 

4 

0 

0 • 

O 

0 

0 

0 

0 

0 

0 

0 

o 

0 

0 

610 

0 

0 

0 

1C 

2 

IE 

22 

IE 

0 

0 

0 

0 

0 

0 

0 

0 

620 

0 

20 

20 

20 

3C 

22 

22 

3C 

0 

0 

0 

0 

0 

0 

0 

0 

630 

0 

0 

0 

IE 

20 

20 

20 

IE 

0 

0 

0 

0 

o 

0 

o 

0 

640 

0 

*“> 

2 

2 

IE 

22 

22 

IE 

0 

0 

0 

0 

0 

0 

0 

0 

650 

0 

0 

0 

1C 

22 

3E 

20 

1C 

0 

0 

0 

o 

0 

0 

0 

0 

660 

0 

4 

8 

8 

1C 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

670 

0 

0 

0 

IE 

22 

22 

IE 

2 

1C 

0 

0 

0 

0 

0 

0 

0 

680 

0 

20 

20 

20 

3C 

°2 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 

690 

0 

8 

0 

18 

8 

8 

8 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

6A0 

0 

4 

0 

4 

4 

4 

24 

IB 

0 

0 

0 

0 

0 

0 

0 

0 

6E0. 

0 

10 

10 

12 

14 

18 

14 

12 

0 

0 

0 

0 

0 

0 

0 

0 

6C0 

0 

18 

8 

8 

8 

8 

8 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

6D0 

0 

0 

0 

36 

2A 

2A 

2A 

2A 

0 

0 

0 

0 

0 

0 

0 

0 

6E0 

0 

0 

0 

3C 

22 

°2 

22 

22 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

1C 
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22 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 
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710 
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1C 

8 

8 

8 

4 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

22 

22 

22 

22 

1C 

0 

0 

0 

0 

0 

0 

0 

0 

760 

0 

0 

0 

22 

22 

22 

14 

8 

0 

0 

0 

0 

0 

0 

0 

0 

770 

0 

0 

0 

22 

22 

2A 

2A 

14 

0 

0 

0 

0 

0 

0 

0 

0 

780 

0 

0 

0 

22 

14 

8 

14 

22 

0 

0 

0 

0 

0 

0 

0 

0 

790 

0 

0 

0 

22 

22 

22 

IE 

2 

1C 

0 

0 

0 

0 

0 

0 

0 

7A0 

0 

0 

0 

3E 

4 

8 

10 

3E 

0 

0 

0 

0 

0 

0 

0 

0 

7B0 

6 

8 

8 

10 

20 

10 

8 

8 

6 

0 

0 

0 

0 

0 

0 

0 

7C0 

0 

8 

8 

8 

0 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

7D0 

30 

8 

8 

4 

2 

4 

8 

8 

30 

0 

0 

0 

0 

0 

0 

0 

7E0 

0 

0 

0 

7F 

0 

7F 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7F0 

0 

1C 

3E 

36 

22 

22 

36 

3E 

1C 

0 

0 

0 

0 

0 

0 

0 



5-83 


AN-270 




AN-270 


STARPLEX 

MACRO-ASSEMBLER V2. 0 


PAGE 

1 

CRT801 











TITLE CRT801 





i May 1980 



0000' 



ASEG 







ORG 

OOOOOh 






i constants 



000A 



LF 

equ 

OAh 


OOOD 



CR 

equ 

ODh 


0020 



SPC 

equ 

020h 


007E 



LINC 

equ 

07Eh 

) leadin code 

0060 



RWRG 

equ 

low RR48-10W RR1+2 

0003 



KULCDE 

equ 

03h 

i kbd unlock code 




i I/O ports 



0080 



KBDPRT 

equ 

080h 

i keyboard 

0040 



ROWPRT 

equ 

040h 

i row interrupt 

0040 



VERPRT 

equ 

040h 

j vertical interrupt 

0040 



SETSW 

equ 

040h 

j baud sell autolf. u/lcase 

0002 



LCLIND 

equ 

2 

i local indicator 

0001 



BELPRT 

equ 

1 

i bell 




i ace 




9000 



ACEDTA 

equ 

09000h 

i data 

9001 



ACEITR 

equ 

ACEDTA+1) interrupt mask 

9003 



ACECTL 

equ 

ACEDTA+3; control 

9005 



ACESTU 

equ 

ACEDTA+5) transmit status' 




i ram assignment 



3FFF 



FROWH 

equ 

03FFFh 

i first row reg pair 

3FFE 



FROW 

equ 

FROWh-1 

t 

3FFD 



LROWH 

equ 

FROWh-2 

i last row reg pair 

3FFC 



LROW 

equ 

FROWh-3 


3FFD 



CROWH 

equ 

FROWh-4 

i cursor row reg pair 

3FFA 



CROW 

equ 

FROWh-5 

i 

3FF9 



CURH 

equ 

CROW-1 

i cursor reg pair 

3FF8 



CUR 

equ 

CROW-2 


3FF7 



TOPH 

equ 

CUR-1 

i top of page reg pair 

3FF6 



Tor 

equ 

CUR-2 


3FF5 



NRW 

equ 

TOP-1 

; row counter 

3FF4 



VCALEN 

equ 

TOP -2 

i vert calc routine enable 

3FF3 



GSYMBL 

equ 

VCALEN- 

1. graphics symbol 

3FF2 



AULF 

equ 

GSYMBL- 

liauto 1 inef eed. O-auto If 

3FF1 



LOCLM 

equ 

AULF-1 

i local mode. O-remote 

3FF0 



ULCASE 

equ 

AULF-2 

i upper/lower case. O-lower 

3FEF 



GECNTL 

equ 

AULF-3 

i graphic enab le. O-d i sab 1 e 

3FEE 



KBDLCK 

equ 

AULF-4 

{keyboard lock. O-unlock 

3FED 



RTECTL 

equ 

KBDLCK- 

lj cursor blink rate cntl 

3FEC 



CUREN 

equ 

KBDLCK- 

2; cursor enab 1 e. 0-off 

3FEB 



CURTMR 

equ 

KBDLCK- 

3i cursor blinking timer 

3FEA 



FFWCT 

equ 

KBDLCK- 

4; ace fifo word count 

3FE9 



LEADIN 

equ 

KBDLCK- 

5) leadin mode. 0-no leadin 

3FE8 



ICMD 

equ 

KBDLCK- 

6i insert char mode. 0-insert 

3FE7 



CPYCTL 

equ 

ICMD-1 

i row copy direction cntl 

3FE6 



FFWRT 

equ 

CPYCTL- 

li fifo write pointer 

3FE5 



FFRD 

equ 

CPYCTL- 

2i fifo read pointer 

3FE5 



STK 

equ 

FFRD 

i stack 3FE4h down 

3FA3 



LINP 

equ 

FFEND+4 

i leadin parameter storage 

3FA2 



LINWCT 

equ 

FFEND+3 

i leadin word count 

STARPLEX 

MACRO-ASSEMBLER V2. 0 


PAGE 

2 

CRT801 







3FA1 



LINFH 

equ 

FFEND+2 

i leadin func jmp addr high 

3FA0 



LINF 

equ 

FFEND+1 

i leadin func jmp addr low 

3F9F 



FFEND 

equ 

03F9Fh 

jace fifo end 

3F50 



FFSTRT 

equ 

03F50h 

> ace fifo start 3F50/3F9Fh 

3F20 



FBG 

enu 

03F20h 

;fore/background cntl 

3F00 



DMYROW 

equ 

03F00h 

i dummy row 3F00/3F4Fh 

3780 



FCHR2 

equ 

03780h 

> page 2. 1st char 




i INTERRUPTS 






i ********************##*#*#**#*##***#*****#**#** 

0000 

F3 


START: 

DI 


i restart 0 

0001 

21 ‘ 3F00 


LXI 

H, DMYROW #clr non video ram 

0004 

F9 



SPHL 



0005 

C3 

00E2 


JMP 

INIT 





(row interrupt 



0008 

F5 


ROW: 

PUSH 

PSW 

{restart 1 

0009 

OC 



I NR 

C 


OOOA 

C2 

0066 


JNZ 

NOWRAP 

{ no wrap arroud 

OOOD 

C3 

0061 


JMP 

VRWRAP 

i do wrap arround 




.vertical interrupt 


0010 

E5 


VERT: 

PUSH 

H 

(restart 2 

0011 

21 

3FF5 


LXI 

H. NRW 


0014 

4E 



MOV 

C. M 

( load NRW 

0015 

C3 

o 

> 

m 

l 

JMP 

VTSUB 



5-84 





>ace duplicate 

interrupt 


0018 

C3 0038 

ACEDUP: 

JMP 

ACE 

i restart 3 



j <FUNCTION> disable cursor 

001 D 

21 3FEC 

DICUR: 

LX I 

H, CUREN 

» d 1 sab 1 e cursor 

001E 

77 


MOV 

M, A 

i a*=0 

001F 

C9 


RET 





; keyboard interrupt 


0020 

E5 

KBD: 

PUSH 

H 

; restart 4 

0021 

F5 


PUSH 

PSW 


0022 

21 3FEE 


LX I 

H, KBDLCK 

i keyboard lock cntl 

0025 

C3 02C9 


JMP 

KEDINT 




> row dup 1 icate 

interrupt 


0028 

F5 

ROWDP : 

PUSH 

PSW 

i restart 5 

0029 

OC 


I NR 

C 


002A 

C2 0066 


JNZ 

NOWRAP 


002D 

C3 0061 


JMP 

VRWRAP 




/vertical duplicate interrupt 1 

0030 

C3 0010 

VERTDP : 

JMP 

VERT 

; restart 6 

0033 

EB 

TABSTP : 

XCHG 


i h l=crow 

0034 

D1 


POP 

D 

i remove call 

0035 

01 


POP 

D 


0036 

73 


MOV 

M. E 

; return org crow 

0037 

C9 


RET 
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0038 








i ACE INTERRUPT 





; *tt»«««**#**#******tf**tf**«*«tt****«***«***«#«**** 

0038 

E5 

ACE: 

PUSH 

H 


0039 

F5 


PUSH 

PSW 


003A 

21 3FEB 


LX I 

H, CURTMR 


003D 

D5 


PUSH 

D 


003E 

AF 


XRA 

A 


003F 

77 


MOV 

M, A 

; reset cursor timer 

0040 

2B 


DCX 

H 

i FFWCT 

0041 

34 


I NR 

M 

; f if o empty? 

0042 

C2 0244 


JNZ 

STFIFO 

; no. store to f ifo 

0045 

2B 


DCX 

H 

» leadin 

0046 

B6 


ORA 

M 


0047 

3A 9000 


LDA 

ACEDTA 

; read ace 

004A 

FB 


El 



004B 

C2 0283 


JNZ 

LINMDE 

i leadin mode 

004E 

E6 7F 

FI FACE: 

AN I 

07Fh 


0050 

11 0267 


LXI 

D, FFCHK 


0053 

D5 


PUSH 

D 

; pseudo call 

0054 

FE OA 


CPI 

LF 


0056 

CA 03B 1 


JZ 

LFEED 


0059 

CD 015C 


CALL 

CAL JMP 


005C 

E6 87 


ANI 

0B7h 

ileadin+jmp addr high 

005E 

F8 


RM 


i leadin required, return 

005F 

67 

LCLFUN: 

MOV 

H, A 

; jmp addr high 

0060 

E9 


PCHL 


i do function 



; row interrupt 

continue 




i *********************************************** 

0061 

3E 01 

VRWRAP: 

MVI 

A. 1 


0063 

32 5000 


STA 

05000h 

.wrap arround addr 

0066 . 

03 40 

NOWRAP: 

OUT 

ROWPRT 

;clr row flip/flop 

0068 

FI 


POP 

PSW 


0069 

FB 


El 



006A 

C9 


RET 





i WRITE 

TO ACE 





; *********************************************** 

006B 

3E OD 

SNDCR : 

MVI 

A, CR 


006D 

57 

WTACEA: 

MOV 

D, A 


006E 

3A 9005 

WTACED: 

LDA 

ACESTU 

i check status 

0071 

FE 60 


CPI 

060h 

j hold/t* register 

0073 

DA 006E 


JC 

WTACED 

; not ready 

0076 

CD 075E 


CALL 

$DLY 

. delay 

0079 

7A 

OUTACE: 

MOV 

A. D 


007A 

32 9000 


STA 

ACEDTA 

.write to ace 

007D 

C9 

PAGE 

RET 
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007E 







; ROW 

START LOOKUP TABLE (start addr=7Eh> 



; ************************* ********** ************ 

007E 

3EB0 

R0W47D: dm 

03EB0H 

0080 

3000 

R0W48D: dm 

03000h 

0082 

3050 

R0W1 

dm 

03050b 

0084 

30A0 

R0W2 

dm 

030A0h 

0086 

30F0 

R0W3 

dm 

030F0h 

0088 

3140 

R0W4 

dm 

03140h 

008A 

3190 

R0W5 

dm 

03190h 

008C 

31E0 

R0W6 

dm 

031E0h 

008E 

3230 

R0W7 

dm 

03230b 

0090 

3280 

ROWB 

dm 

03280h 

0092 

32D0 

R0W9 

dm 

032D0h 

0094 

3320 

R0W10: dui 

03320h 

0096 

3370 

R0W1 

: dm 

03370h 

0098 

33C0 

R0W12: dui 

033C0h 

009A 

3410 

R0W13: dm 

03410h 

009C 

3460 

R0W14: dm 

03460h 

009E 

34B0 

R0W15: dm 

034B0h 

00A0 

3500 

R0W16: dm 

03500h 

00A2 

3550 

R0W17: dm 

03550h 

00A4 

35A0 

R0W18: dm 

035A0h 

00A6 

35F0 

R0W1 

7: dm 

035F0h 

00A8 

3640 

R0W2< 

3: dm 

03640h 

OOAA 

3690 

\ R0W2 

: dm 

03690h 

OOAC 

36E0 

ROWS. 

2: dm 

036E0h 

OOAE 

3730 

R0W23: dm 

03730h 

OOBO 

3780 

R0W2' 

1: dm 

03780h 

00B2 

37D0 

R0W2 

5: dm 

037D0h 

00B4 

3820 

ROWS; 

i>: dm 

03820h 

00B6 

3870 

R0W2' 

7: dm 

03B70h 

OOBB 

3BC0 

R0W2E 

3: dm 

038C0h 

OOBA 

3910 

R0W29: dm 

03910h 

OOBC 

3960 

R0W3< 

3: dm 

03960h 

OOBE 

39B0 

R0W3 

: dm 

039B0h 

OOCO 

3A00 

R0W32: dm 

03A00h 

00C2 

3A50 

R0W3 

3: dm 

03A50h 

00C4 

3AA0 

R0W3' 

%: dm 

03AA0h 

00C6 

3AF0 

R0W3 

5: dm 

03AF0h 

00C8 

3B40 

R0W36: dm 

03B40h 

OOCA 

3B90 

R0W3 

7: dm 

03B90h 

OOCC 

3BE0 

R0W3 

3: dm 

03BE0h 

OOCE 

3C30 

R0W39: dm 

03C30h 

OODO 

3C80 

R0W40: dm 

03CB0h 

00D2 

3CD0 

R0W4 

1: dm 

03CD0h 

00D4 

3D20 

R0W4 

2: dm 

03D20h 

00D6 

3D70 

R0W43: dm 

03D70h 

00D8 

3DC0 

R0W44: dm 

03DC0h 

OODA 

3E10 

R0W45: dm 

03E10h 

OODC 

3E60 

R0W46: dm 

03E60h 

OODE 

3EB0 

R0W47: dm 

03EB0h 

OOEO 

3F00 

R0W4 

3: dm 

03F00h 



PAGE 



STARPLEX 

MACRO-ASSEMBLER V2. 0 

PAGE 5 

CRT801 





00E2 







i INITIALIZE 




i *****»*******«*«*****«*tt***«#*«***««**«***«««tt* 

00E2 

3E 20 

INIT 

MV I 

A. SPC i space 

00E4 

16 E9 


MV I 

D. lorn LEADIN; bgte count 

OOE6 

CD 04C7 


CALL 

DRLLP j store spaces 

00E9 

AF 

• 1 

XRA 

A 

OOEA 

32 3FA2 


STA 

LINWCT i zero leadin word count 

OOED 

16 17 


MV I 

D. 256-lom LEADIN; byte count 

OOEF 

CD 04C7 


CALL 

DRLLP ; store zeros 

00F2 

31 3FE7 


LX I 

SP, STK+2 

00F5 

21 5050 


LXI 

H, 05050h 

OOF8 

E5 


PUSH 

H ; set up fifo rd/wrt ptrs 

00F9 

CD 04AE 


CALL 

CURULK .enable c ursor. uni oc k kbd 

OOFC 

32 3FEA 


STA 

FFWCT ; zero fifo word count(FFh) 

OOFF 

23 


INX 

H ; RTECTL 

0100 

36 1C 


MV I 

M. OlCh .cursor blink cntl 

0102 

2E FC 


MV I 

L. lorn LROW; last row 

0104 

36 BO 


MV I 

M. lom RR24 

0106 

2E FE 


MV I 

L. lom FROW; first row 

0108 

36 82 


MVI 

M. low RR1 

010A 

DB 80 


IN 

KBDPRT ; clear keyboard intr 

010C 

CD 04CE 


CALL 

CLRSCN ; clear screen 

010F 

CD 07BF 


CALL 

ACESW ; init ace. read setsw 

0112 

3E 3F 

PATTN: MV I 

A. 03Fh 

0114 

21 3780 


LXI 

H. FCHR2 ; 1st byte ( of page 2 

0117 

75 

PTNLP: MOV 

M. L ; write pattern 

0118 

23 


INX 

H 

0119 

BC 


CMP 

H 


5-86 





01 1A 

C2 0117 


JNZ 

PTNLP 


01 ID 

D3 01 


OUT 

BELPRT 

(ring bell for ready 



i CALCULATE SCREEN ADDR 

AFTER VERTICAL INTERRUPT 

01 IF 

2E EB 

VCAL: 

MVI 

L> loin 1 

CURTMR 

0121 

7E 


MOV 

A,M 


0122 

2F 


CMA 



0123 

34 


I NR 

M 

i cursor timer 

0124 

23 


INX 

H 

» cursor enab le 

0125 

A6 


ANA 

M 


0126 

23 


INX 

H 

i rate cntl 

0127 

A6 


ANA 

M 

■ blink rate mas k 

0128 

C4 0174 


CNZ 

CURLOC 

i cursor on 

012B 

3E 20 


MVI 

A. 020h 

i 8350 offset 

0 12D 

84 


ADD 

H 

j offset addr high 

0 12E 

67 


MOV 

H/ A 

■ =5Fh if cursor off 

0 12F 

E5 


PUSH 

H 

i save cursor 

0130 

2A 3FFE 


LHLD 

FROW 


0133 

2B 


DCX 

H 

i fetch row start 

0134 

7E 


MOV 

A. M 


0135 

C6 20 


ADI 

020h 

i offset addr high 

0137 

57 


MOV 

D, A 


0138 

2B 


DCX 

H 
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0139 






0139 

5E 


MOV 

E.M 

i de-top of page 

013A 

7D 


MOV 

A, L 

;calc row wrap constant 

013B 

OF 


RRC 


■divide by 2 

013C 

C6 8F 


ADI 

08Fh 

i add offset 

013E 

El 


POP 

H 

■cursor location 

013F 

F3 


DI 



0140 

22 3FF8 


SHLD 

CUR 

■ update cursor 

0143 

EB 


XCHG 



0144 

22 3FF6 


SHLD 

TOP 

; update top of page 

0147 

21 3FF5 


LX I 

H, NRW 


014A 

77 


MOV 

M, A 

■row wrap constant 

014B 

2B 


DCX 

H 

i VCALEN 

014C 

36 00 


MVI 

M» 0 

■disable VCAL routine 

014E 

FB 

WAIT. 

El 



014F 

76 


HLT 



0150 

7E 


MOV 

A, M 

■ VCALEN 

0151 

B7 


ORA 

A 

■check from vert intr 

0152 

CA 014E 


JZ 

WAIT 

i no 

0155 

C3 01 IF 


JMP 

VCAL 

■do screen calculations 



f CALCULATE JMP 

ADDR 


0158 

2E E9 

CJMP: 

MVI 

L> loin 1 

LEAD IN 

015A 

E6 7F 


AN I 

07Fh 

■mask 1st bit 

015C 

FE 20 

CAL JMP: 

CPI 

SPC 


015E 

DA 0168 


JC 

FUNC 

■O-lFh. func 

0161 

FE 7E 


CPI 

07Eh 


0163 

DA 0372 


JC 

CHAR 

i 20-7Dh» char input 

0166 

D6 5E 


SUI 

05Eh 

i 7E/7Fh to 20/21h 

0168 

2B 

FUNC: 

DCX 

H 

; insert mode 

0169 

74 


MOV 

M, H 

i hOOi defeat insert modi 

016A 

07 

JMP ADD: 

RLC 


■ *2> msb=0 

016B 

5F 


MOV 

E, A 

i d=02h ( jmp tb 1 ) 

016C 

1A 


LDAX 

D 

■fetch jmp addr low 

016D 

6F 


MOV 

L, A 


016E 

13 


INX 

D 


016F 

1A 


LDAX 

D 

■fetch jmp addr high ' 

0170 

C9 


RET 





i CALCULATE CUR 

LOC AND 

CUR TO END DIFF 

0171 

3E 50 

DFCLOC : 

MVI 

A, 80 


0173 

90 


SUB 

B 

■cursor to end differem 


; CALCULATE CURSOR LOCATION 


0174 

2A 3FFA 

CURLOC: 

LHLD 

CROW 

0177 

2B • 


DCX 

H 

0178 

56 


MOV 

D. M 

0179 

2B 


DCX 

H 

017A 

5E 


MOV 

E, M 

017B 

68 


MOV 

L, B 

017C 

19 


DAD 

D 

017D 

C9 

PAGE 

RET 
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iROW WRAP AROUND LOOKUP TABLE (start addr=17Eh> 


i ************************************************ 


017E 

OOEO 

RR47D: 

dw 

OOEOh 

0180 

0082 

RR4BD: 

dw 

0082h 

0182 

0084 

RR1: 

dw 

00S4h 


5-87 


AN-270 





AN-270 


0184 0086 

RR2 


dui 

0086H 

0186 0088 

RR3 


dui 

0088h 

0188 008A 

RR4 


du> 

008Ah 

018A 008C 

RR5 


dui 

OOSCh 

018C 008E 

RR6 


db) 

OOBEh 

01 BE 0090 

RR7 


du 

0090h 

0190 0092 

RR8 


du i 

0092h 

0192 0094 

RR9 


du) 

0094h 

0194 0096 

RR10 

du> 

0096h 

0196 0098 

RR1 1 

du) 

0098h 

0198 009A 

RR12 

du) 

009Ah 

019A 009C 

RR 13 

du) 

009Ch 

019C 009E 

RR14 

du) 

009Eh 

019E OOAO 

RR 1 5 

dui 

OOAOh 

01 AO 00A2 

RR16 

dui 

00A2h 

01A2 00A4 

RR 17 

dui 

00A4h 

01A4 00A6 

RR18 

dui 

00A6h 

01A6 00 A8 

RR19 

dui 

OOABh 

01A8 OOAA 

RR20 

dui 

OOAAh 

01AA OOAC 

RR21 

dui 

OOACh 

01 AC OOAE 

RR22 

dui 

OOAEh 

01AE OOBO 

RR23 

dui 

OOBOh 

01B0 00B2 

RR24 

dui 

00B2h 

01B2 00B4 

RR25 

dui 

00B4h 

01B4 00B6 

RR26 

- dui 

00B6h 

01B6 00B8 

RR27 

dui 

OOBBh 

01BB OOBA 

RR28 

dui 

OOBAh 

01BA OOBC 

RR29 

dui 

OOBCh 

01BC OOBE 

RR30 

dui 

OOBEh 

01BE OOCO 

RR31 

dui 

OOCOh 

01C0 00C2 

RR32 

dui 

00C2h 

01C2 00C4 

RR33 

dui 

00C4h 

01C4 00C6 

RR34 

dui 

00C6h 

01C6 00C8 

RR35 

dui 

OOCBh 

01C8 OOCA 

RR36 

dui 

OOCAh 

01CA OOCC 

RR37 

dui 

OOCCh 

01CC OOCE 

RR38 

dui 

OOCEh 

01CE OODO 

RR39 

dui 

OODOh 

01 DO 00D2 

RR40 

dui 

00D2h 

01D2 00D4 

RR41 

dui 

00D4h 

01D4 00D6 

RR42 

dui 

00D6h 

01D6 OODB 

RR43 

dui 

OODBh 

01DB OODA 

RR44 

dui 

OODAh 

01 DA OODC 

RR45 

dui 

OODCh 

01 DC OODE 

RR46 

dui 

OODEh 

01DE OOEO 

RR47 

dui 

OOEOh 

01E0 0082 

RR48 

dui 

0082 h 

01E2 0084 

RR ID 

dui 

0084h 
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i JUMP ADDRESS 

CONSTANTS 


; * ***«******W*****#**********«***4 


; A15 

: - 0= 

no leadin required 


iA14/A12:- parameter count 


; All 

0= 

local function 

1000 

, Ml 


equ 

OlOOOh i one para 

2000 

M2 


equ 

02000h i tuio para 

8000 

LIN 


equ 

08000h > leadin a 

0800 

NLC 


equ 

OOBOOh i not loca 

0A5F 

FI 


equ 

RTN+NLC 

03B9 

F2 


equ 

CARRTN 

03B1 

F3 


equ 

LFEED 

0C34 

F4 


equ 

BELL+NLC 

060A 

F5 


equ 

TAB 

0437 

F6 


equ 

FS 

041F 

F7 


equ 

BS 

844E 

F8 


equ 

UPCUR+LIN 

8460 

F9 


equ 

DWNCUR+LIN 

84D8 

F10 


equ 

HOMCUR+LIN 

85F3 

FI 1 


equ 

NPAGE+LIN 

8472 

F12 


equ 

ROLUP+LIN 

B48C 

F13 


equ 

ROLDWN+LIN 

84AE 

F14 


equ 

CURULK+LIN 

8DD1 

F15 


equ 

RDCUR+LIN+NLC 

ADA2 

F16 


equ 

ADDCUR+L IN+NLC +M2 

B4F 1 

F17 


equ 

FCNDF+LIN 

84F7 

FIB 


equ 

BGNDF+LIN 

836B 

F19 


equ 

INSCHAR+LIN 

8358 

F20 


equ 

STOFCH+LIN 

8505 

F21 


equ 

INSLNE+LIN 

8512 

F22 


equ 

STOFLNE+LIN 

AD26 

F23 


equ 

ISLRG+LIN+NLC+W2 

9E8A 

F24 


equ 

GRAPH+LIN+NLC+M1 


5-88 


0419 

F23 

equ 

DEL 

83DB 

F26 

equ 

DCROW+LIN 

84C0 

F27 

equ 

DRTLN+LIN 

B4BA 

F28 

equ 

DR TPG+LIN 

8642 

F29 

equ 

CFB+LIN 

84CE 

F30 

equ 

CLRSCN+LIN 

8CB6 

F31 

equ 

KBLK+LIN+NLC 

801B 

F32 

equ 

DICUR+LIN 

871D 

F33 

equ 

SNDLNE+LIN 

87BF 

F34 

equ 

ACESW+LIN 

0AC5 

F35 

equ 

LINSET+NLC 

86BC 

F36 

equ 

DEGRPH+LIN 


PAGE 




STARPLEX MACRO-ASSEMBLER V2. 0 PAGE 9 

CRT801 
01E4 




i PUT A WORD TO 

ACE 

0 1E4 

57 

KBDACE: MOV 

D, A 

01E5 

3A 9005 

LDA 

ACESTU 

01E8 

E6 20 

AN I 

020h 

01EA 

CA 01E5 

JZ 

KBDACE+1 i not 

0 1ED 

C3 0079 

JMP 

OUTACE 


i ACE BAUD RATE CONSTANTS 


01F0 

06AB 

B110: 

dui 

1707 

0 

01F2 

0139 

B600: 

dw 

313 

1 

01F4 

009C 

B 1200: 

dw 

156 

0. 37. 2 

01F6 

004E 

B2400: 

dm 

78 

0. 37. 3 

01F8 

0027 

B4800: 

dui 

39 

0. 37. 4 

01FA 

0014 

B9600: 

dui 

20 

2. 37. 5 

01FC 

OOOA 

B 19200: 

dui 

10 

2. 37. 6 

01FE 

0005 

B38400: 

dui 

5 

2. 37. 7 



i FUNCTION JUMP 

TABLE 

(start addr=200h) 



; ««********«**#****#***#««********************#« 

0200 

0A5F 

TBLJMP 

dui 

FI 

null/toggle local 

0202 

8472 


dui 

FI 2 

A: roll up 

0204 

9E8A 

CB: 

dui 

F24 

B: graphics mode 

0206 

84AE 


dui 

F14 

C: on cursor/unlock kbd 

0208 

8358 


dui 

F20 

D: strip off character 

020A 

8DD1 

CE: 

dui 

F15 

E: read cursor 

020C 

B01B 


dui 

F32 

F: disable cursor 

020E 

0C34 

CG: 

dui 

F4 

G: bel 1/scale 

0210 

041F 


dui 

F7 

H: cursor left 

0212 

060A 


dui 

F5 

I: tab 

0214 

03B1 


dm 

F3 

J: 1 ine feed 

0216 

8460 


dui 

F9 

K: cursbr down 

0218 

844E 


dui 

F8 

L: cursor up 

021 A 

03B9 


dui 

F2 

M: carriage return 

021C 

85F3 


dui 

FI 1 

N: next page 

021E 

84C0 


dui 

F27 

0: delete rest of line 

, 0220 

0437 


dui 

F6 

P: cursor right 

0222 

ADA2 

CQ: 

dui 

F16 

G: address cursor/menu 

0224 

84D8 


dui 

F10 

R: home cursor 

0226 

8512 


dui 

F22 

S: strip off a 1 ine 

0228 

87 ID 


dui 

F33 

T: transmit a line 

022A 

8CB6 

C'J: 

dui 

F31 

U: lock keyboard 

022C 

848C 


dui 

F13 

V: rol 1 down 

022E 

84BA 


dui 

F2B 

W: delete rest of page 

0230 

8642 


dui 

F29 

X: clear fore/background 

0232 

84F7 


dui 

F18 

Y: background follows 

0234 

8505 


dui 

F21 

Z: insert line 

0236 

86BC 


dui 

F36 

IB: esc/defeat graphics 

0238 

84CE 


dui 

F30 

1C: home and clear screen 

023A 

AD26 

C ID: 

dui 

F23 

ID: inser t/str i p lne/rng 

023C 

836B 


dui 

F19 

IE: insert character 

023E 

84F1 


dui 

F17 

IF: foreground follows 

0240 

0AC5 

C7E : 

dui 

F35 

7E: leadin/ace. u/l-case 

0242 

0419 


dui 

F25 

7F: de lete 
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; STORE 

A WORD 

TO ACE FIFO 

0244 

3E 50 

STFIFO- 

MVI 

A, BO 


0246 

BE 


CMP 

M 

exceeding 80 words? 

0247 

3A 9000 


LDA 

ACEDTA 

read ace 

024A 

DA 032C 


JC 

OVRNG 

more than 80 words 

024D 

2E E6 


MVI 

L, 1 oui FFWRT 

024F 

54 


MOV 

D, H 

set up write pointer hig 

0250 

5E 


MOV 

E, M 

set up write pointer low 

0251 

12 


STAX 

D 

store to fifo 

0252 

7B 


MOV 

A, E 


0253 

3C 


INR 

A 

advance pointer 

0254 

FE AO 


CPI 

loui FFEND+1; exceeding 80 words? 

0256 

DA 025A 


JC 

WFFRNG 

less than 60 words 

0259 

IF 


RAR 


fifo start again 



5-89 


AN-270 





AN-270 


025A 

77 

WFFRNG: 

MOV 

M, A i advance write pointer 

02 5B 

FB 


El 


025C 

01 

CMRTN: 

POP 

D 

025D 

FI 


POP 

PSW ' 

025E 

El 


POP 

H 



i {FUNCTION!- 

unused kegs 

025F 

C9 

RTN: 

RET 






;KEY BOARD RETURN, addr high=2h 

0260 

AF 


KLCRTN: XRA 

A ; enable keyboard 

0261 

32 

3FEE 

STA 

KBDLCK 

0264 

C3 

025C 

JMP 

CMRTN 




i CHECK FIFO 

AND RETURN,, addr high=2h 

0267 

21 

3FEA 

FFCHK: LXI 

H, FFWCT { fifo word count 

026A 

35 


DCR 

M if ifo empty? 

026B 

FA 

025C 

JM 

CMRTN i empty 




i READ A 

WORD 

FROM ACE FIFO 

026E 

2E E5 

RDFIFO: 

MVI 

L, low FFRD 

0270 

54 


MOV 

D, H 

l set up read pointer high 

0271 

5E 


MOV 

E, M 

i set up read pointer low 

0272 

7B 


MOV 

A, E 

0273 

3C 


I NR 

A 

{advance read pointer 

0274 

FE AO 


CPI 

low FFEND+li exceed ing 80 words? 

0276 

DA 027A 


JC 

RFFRNG 

i less than 80 words 

0279 

IF 


RAR 


i fifo start again 

027A 

77 

RFFRNG: 

MOV 

M, A 

i store read pointer 

027B 

2E E9 


MVI 

L, low LEADIN 

027D 

7E 


MOV 

A, M 


027E 

B7 


ORA 

A 

i leadin mode*=0? 

027F 

1A 


LDAX 

D 

i read fifo word 

0280 

CA 004E 

PAGE 

JZ 

FIFACE 

i not leadin, normal entry 
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0283 


i LEAD IN 

MODE 



0283 

E6 7F 

LINMDE: 

AN I 

07Fh 

imask input 

0285 

11 0267 


LXI 

D, FFCHK 


0288 

D5 


PUSH 

D 

i pseudo call 

0289 

2E A2 


MVI 

L, low LINWCT 

028B 

5E 


MOV 

E, M 

i leadin word count 

028C 

ID 


DCR 

E 

i word count=0? 

028D 

F2 02B3 


JP 

LINPRA 

i parameter entries 

0290 

FE 20 


CPI 

SPC 

i control codes? 

0292 

D2 02C2 


JNC 

ILELIN 

i not cntl code, error 

0295 

CD 016A 


CALL 

JMPADD 

i fetch jmp address 

0298 

B7 


ORA 

A 

0299 

F2 02C2 


JP 

ILELIN 

i code requires no leadin 

029C 

E6 77 


ANI 

077h 

,- word count/jmp addr high 

029E 

67 


MOV 

H, A 

i save 

029F 

E6 70 


ANI 

070h 

; mask word count 

02A1 

CA 02BE 


JZ 

LINEXE 

i do function 

02A4 

OF 

LINPFN: 

RRC 


iright justify word count 

02A5 

OF 


RRC 


02A6 

OF 


RRC 



02A7 

OF 


RRC 



02A8 

32 3FA2 


STA 

LINWCT 

i store to word count reg 

02AB 

3E 07 


MVI 

A, 07h 


02AD 

A4 


ANA 

H 

l get jmp addr high 

02AE 

67 


MOV 

H, A 


02AF 

22 3FA0 


SHLD 

LINF 

i save function jmp addr 

02B2 

C9 


RET 



02B3 

73 

LINPRA: 

MOV 

M, E 

i leadin word count-1 

02B4 

16 00 


MVI 

D, 0 

i d=0, e=word count-1 

02B6 

23 


I NX' 

H 

i LINP 

02B7 

19 


DAD 

D 

i h l=para pointer 

02B8 

77 


MOV 

M, A 

i store word 

02B9 

CO 


RNZ 


i word countOO, next word 

02BA 

2A 3FA0 


LHLD 

LINF 

i load leadin jmp address 

02BD 

AF 


XRA 

A 


02BE 

32 3FE9 

LINEXE: 

STA 

LEADIN 

i defeat leadin 

02C1 

E9 


PCHL 


i d o f unc t ion 

02C2 

D3 01 

ILELIN: 

OUT 

BELPRT 

{illegal code after leadin 

02C4 

AF 


XRA 

A 

{ a=0, reset leadin 


5-90 


i {FUNCTION} set leadin mode 


02C5 

32 3FE9 

LINSET: 

STA 

LEADIN 

i aOO# set 1 ead in 

02C8 

C9 

PAGE 

RET 
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02C9 








('keyboard interrupt continue 

02C9 

AF 

KBDINT: 

XRA 

A 


02CA 

32 3FEB 


STA 

CURTMR 

(reset cursor blink i 

02CD 

B6 


ORA 

M 

i keyboard loc ked? 

02CE 

DB 80 


IN 

KBDPRT 

( read keyboard 

02D0 

FB 


El 



02D1 

D5 


PUSH 

D 


02D2 

C2 0327 


JNZ 

KNACTV 

; keyboard not active 

02D5 

B7 


ORA 

A 


02D6 

CA 0333 


JZ 

TGLCL 

i toggle local 
i defeat graphics 

02D9 

77 


MOV 

M, A 

(lock keyboard 

02DA 

11 0260 


LX I 

D, KLCRTN 

02DD 

D5 


PUSH 

D 

(generate pseudo cal! 

02DE 

23 


INX 

H 

( GECNTL 

02DF 

B6 


ORA 

M 


02E0 

23 


INX 

H 

i ULCASE 

02E1 

FE 61 


CPI 

061 h 


02E3 

DA 02EC 


JC 

NLCSE 

(not 1 ower case 

02E6 

FE 7B 


CPI 

07Bh 


02E8 

D2 02EC 


JNC 

NLCSE 

( not lower case 

02EB 

96 


SUB 

M 

( u/1 case cntl,m=20h. 

02EC 

23 

NLCSE: 

INX 

H 

( local 

02ED 

5E 


MOV 

E, M 


02EE 

1C 


INR 

E 

( local mode? 

02EF 

C2 01E4 


JNZ 

KBDACE 

(write to ace 

02F2 

FE AO 

LCL: 

CPI 

OAOh 

( parameter entry? 

02F4 

D2 068D 


JNC 

LGPARA 

i yes 

02F7 

CD 0158 


CALL 

CJMP 

( get jmp addr 

02FA 

E6 OF 


ANI 

OFh 


02FC 

FE 08 


CPI 

08h 

( local? 

02FE 

DA 005F 


JC 

LCLFUN 

( do local function 

0301 

7B 


MOV 

A. E 

(read lookup tbl ptr 

0302 

FE 03 


CPI 

low CB+li cntl B? 

0304 

CA 06B7 


JZ 

ENGRPH 

( enable graphics mpdi 

0307 

FE OB 


CPI 

low CE+1 

( cntl E? 

0309 

CA 0773 


JZ 

LRDCUR 

(display cursor loca 

030C 

FE OF 


CPI 

low CG+li cntl G? 

030E 

CA 0784 


JZ 

SCALE 

( put scale 

0311 

FE 23 


CPI 

low CQ+1 i cntl Q? 

0313 

CA 06D5 


JZ 

PGM 

(put graphics menu 

0316 

FE 41 


CPI 

low C7E+1 

0318 

CA 07CD 


JZ 

ATGUL 

( init ace(toggle u/1 

031B 

FE 3B 


CPI 

low C1D+1 

031D 

CA 034F 


JZ 

R0M2 

(do rom2 functions 

0320 

FE 2B 

PAGE 

CPI 

low CU+1 

( cntl U? 
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0322 

0322 

CO 

RNZ 


unused 

keys 

0323 

D1 

POP 

D i 

pseudo 

rtn+lock kbd 

0324 

C3 0261 

JMP 

KLCRTN+1 




0327 

EE 03 

KNACTV: 

XRI 

KULCDE 

i lock/unlock kbd? 

0329 

CA 025A 


JZ 

CMRTN-2 

( unlock keyboard 

032C 

3E 50 

OVRNG: 

MVI 

A, 80 

( for FFWCT 

032E 

D3 01 


OUT 

BELPRT 


0330 

C3 025A 


JMP 

CMRTN-2 

( lock kbd 

0333 

23 

TGLCL: 

INX 

H 

( GECNTL 

0334 

77 


MOV 

M, A 

(disable graphics mode 

0335 

32 3FE9 


STA 

LEADIN 

i reset lead in 

0338 

2E FI 


MVI 

L. low LOCLM 

033A 

7E 


MOV 

A, M 


033B 

2F 


CMA 


i toggle local 

033C 

77 


MOV 

M, A 


033D 

CD 07E8 


CALL 

EDACE 

i en/disable ace 

0340 

C2 0345 


JNZ 

ONLINE 


0343 

3E IE 


MVI 

A, 03h XOR OIDh 

0345 

EE ID 

ONLINE: 

XRI 

OIDh 
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0347 

00 

nop 


t out lc lprt 

0348 

00 

nop 



0349 

32 3FED 

STA 

RTECTL 

t select blink rat* 

034C 

C3 025C 

JMP 

CMRTN 




i JMP TO R0M2 



034F 

3A 0800 

R0M2: LDA 

0800h 

) check presence of rom2 

0352 

FE 55 

CPI 

055h 

i -55h? 

0354 

CO 

RNZ 


i not exist 

0355 

C3 0801 

JMP 

0801 h 

i oki do jmp 




i -(FUNCTION)- 

stripe off 

a character 

0358 

CD 0171 

STOFCH: 

CALL 

DFCLOC 

j get cur loc and diff 

035B 

3D 


DCR 

A 


035C 

CA 0434 


JZ 

BELL 

i last column, error 

035F 

23 

STOFLP : 

I NX 

H 


0360 

56 


MOV 

D. M 


0361 

2B 


DCX 

H 


0362 

72 


MOV 

M, D 

i do copg 

0363 

23 


1NX 

H 


0364 

3D 


DCR 

A 


0365 

C2 035F 


JNZ 

STOFLP 


0368 

C3 03A4 


JMP 

PSPC 

t put a space 



i -(FUNCTION! 

insert character 

036B 

AF 

INSCHAR 

: XRA 

A 


036C 

32 3FE8 


STA 

ICMD 

tenable insert mode 

036F 

C3 038D 

PAGE 

JMP 

INSCHR 
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0372 








J CHARACTER INPUT 


0372 

D1 

CHAR: 

POP 

D 

i pseudo return 

0373 

2E 20 


MV I 

L» lout FBG 

0375 

AE 


XRA 

M 

i add attribute 

0376 

AD 


XRA 

L 

i remove space code 

0377 

2A 3FFA 


LHLD 

CROW 

i calculate cursor loc 

037A 

2B 


DCX 

H 


037B 

56 


MOV 

D, M 


037C 

2B 


DCX 

H 


037D 

5E 


MOV 

E. M 


037E 

68 


MOV 

L, B 

i row start+cursor 

037F 

19 


DAD 

D 

(hl=cursor address 

0380 

77 


MOV 

M, A 

(write to screen 

0381 

3E 4F 


MV I 

A, 79 


0383 

AB 


XRA 

B 

t last column? 

0384 

CA 03C0 


JZ 

LSTCHR 

( last, do scrol 1 

0387 

04 

MIDCHR: 

I NR 

B 

( else advance cursor 

0388 

3A 3FE8 


LDA 

ICMD 

# insert mode? 

038B 

B7 


ORA 

A 


038C 

CO 


RNZ 


(not insert mode 

038D 

3E 4F 

I NSC HR: 

MVI 

A, 79 


038F 

90 


SUB 

B 

( byte counter 

0390 

CA 03AB 


JZ 

ILCHAR 

i cursor at last column 

0393 

2A 3FFA 


LHLD 

CROW 


0396 

5E 


MOV 

E, M 


0397 

23 


INX 

H 


0398 

56 


MOV 

D, M 

j d=roui end + 1 

0399 

IB 


DCX 

D 

i roui end 

039A 

EB 


XCHG 



039B 

2B 

INSLP: 

DCX 

H 


039C 

56 


MOV 

D, M 


039D 

23 


INX 

H 


039E 

72 


MOV 

M, D 

( do copy 

039F 

2B 


DCX 

H 


03A0 

3D 


DCR 

A 


03A1 

C2 039B 


JNZ 

INSLP 


03A4 

3E 80 

PSPC: 

MVI 

A, 080h 


03A6 

A2 


ANA 

D 

(get character attribute 

03A7 

F6 20 


OR I 

SPC 

( add space 

03A9 

77 


MOV 

M. A 


03AA 

C9 


RET 



03AB 

3C 

ILCHAR: 

I NR 

A 

(make a<>0 

03AC 

D3 01 


OUT 

BELPRT 


03AE 

C3 03CE 

PAGE 

JMP 

DICMD 

(defeat insert char mode 


5-92 
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030 1 


j {FUNCTION} 

line feed 


030 1 

3A 3FF2 

LFEED: LDA 

AULF 

; auto line feed? 

03B4 

B7 

DRA 

A 


0305 

C2 03C1 

JNZ 

LFD 

< do 1 ine feed 

03B8 

C9 

RET 





; {FUNCTION} 

carriage return 

03B9 

3A 3FF2 

CARRTN: LDA 

AULF 

lauto line feed? 

03BC 

B7 

ORA 

A 


03BD 

C2 04DE 

JNZ 

ZROCUR 

i do cr only 


03C0 

47 

LSTCHR: 

MOV 

B, A 

i set cursor to 1st col 

03C1 

11 3FFC 

LFD: 

LXI 

D, LROW 


03C4 

2A 3FFA 


LHLD 

CROW 


03C7 

24 


INR 

H 


03C8 

1A 


LDAX 

D 


03C9 

BD 


CMP 

L 

i crow=lrow? 

03CA 

7E 


MOV 

A, M 

i next row 

03CD 

32 3FFA 


STA 

CROW 

i crow+1 

03CE 

32 3FE8 

DICMD: 

STA 

ICMD 

'» defeat insert char mode 

03D1 

CO 


RNZ 


i not last row 

03D2 

EO 

LFSCR: 

XCHG 


i last rowi do scroll 

03D3 

F3 


DI 



03D4 

77 


MOV 

M. A 

i lrow+1 

03D5 

2E FE 


MVI 

Li lOW 

FROW 

03D7 

5E 


MOV 

E, M 

i de*rou wrap arround tbl 

03D8 

1A 


LDAX 

D 


03D9 

77 


MOV 

M, A 

i frow+1 

03DA 

FB 


El 






j {FUNCTION} clear cursor 

row 

03DB 

2A 3FFA 

DCROW: 

LHLD 

CROW 


03DE 

EQ 

CLRROW: 

XCHG 



03DF 

21 0000 


LXI 

H, 0 


03E2 

39 


DAD 

SP 


03E3 

EB 


XCHG 



03E4 

F3 


DI 



03E5 

F9 


SPHL 



03E6 

El 


POP 

H 

i lookup row start 

03E7 

F9 


SPHL 


; sp«row start 

03E8 

FB 


El 



03E9 

2A 3F20 

PAGE 

LHLD 

FBG 

i space + attribute 
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03EC 

03EC 

E5 

PUSHSP: 

PUSH 

H 

j do cl ear row 

03ED 

E5 


PUSH 

H 


03EE 

E5 


PUSH 

H 


03EF 

E5 


PUSH 

H 


03F0 

E5 


PUSH 

H 


03F1 

E5 


PUSH 

H 


03F2 

E5 


PUSH 

H 


03F3 

E5 


PUSH 

H 


03F4 

E5 


PUSH 

H 


03F5 

E5 


PUSH 

H 

i 10 

03F6 

E5 


PUSH 

H 


03F7 

E5 


PUSH 

H 


03F8 

E5 


PUSH 

H 


03F9 

E5 


PUSH 

H 


03FA 

E5 


PUSH 

H 


03FB 

E5 


PUSH 

H 


03FC 

E5 


PUSH 

H 


03FD 

E5 


PUSH 

H 


03FE 

E5 


PUSH 

H 


03FF 

E5 


PUSH 

H 

j 20 

0400 

E5 


PUSH 

H 


0401 

E5 


PUSH 

H 


0402 

E5 


PUSH 

H 


0403 

E5 


PUSH 

H 


0404 

E5 


PUSH 

H 


0405 

E5 


PUSH 

H 


0406 

E5 


PUSH 

H 


0407 

E5 


PUSH 

H 


0408 

E5 


PUSH 

H 


0409 

E5 


PUSH 

H 

i 30 

040A 

E5 


PUSH 

H 


040B 

E5 


PUSH 

H 


040C 

F3 


DI 
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040D 

E5 

PUSH 

H 


040E 

E5 

PUSH 

H 


040F 

E5 

PUSH 

H 


0410 

E5 

PUSH 

H 


0411 

ES 

PUSH 

H 


0412 

E5 

PUSH 

H 


0413 

E5 

PUSH 

H 


0414 

E5 

PUSH 

H 

l 40 

0415 

EB 

XCHO 



0416 

F9 

SPHL 



0417 

FB 

BSRTN: EX 



0418 

C9 

RET 






j {FUNCTION)- 

delete 


0419 

3E 20 

DEL: 

MV I 

A, SPC 


041B 

CD 06CB 


CALL 

STSP 

i store space 

041E 

AF 

PAGE 

XRA 

A 

i do back space 
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041F 








i {FUNCTION) 

back space 


041F 

C4 06C1 

BS: 

CNZ 

CHKGM 

;check graphics mode 

0422 

F3 

BS1 : 

DI 



0423 

05 


DCR 

B 

i cursor-1 

0424 

F2 0417 


JP 

BSRTN 

jnot 1st column 

0427 

04 


I NR 

B 


0428 

FB 


El 



0429 

3A 3FEF 


LDA 

GECNTL 


042C 

B7 


ORA 

A 

i graphics mode? 

042D 

CO 


RNZ 


< defeat wrap arround 

042E 

CD 0451 


CALL 

UCUR1 

) up cursor one row 

0431 

CQ 


RZ 


i crow=*frow? 

0432 

06 4F 


MV I 

B, 79 

i set cursor to last col 

0434 

D3 01 

BELL: 

OUT 

BELPRT 


0436 

C9 


RET 





; {FUNCTION) 

forward cursor 

0437 

CD 06C1 

FS: 

CALL 

CHKGM 

i check graphics mode 

043A 

3E 4F 


MV I 

A. 79 

043C 

BB 


CMP 

B 

i last column? 

043D 

C2 0387 


JNZ 

MIDCHR 

i not last column 

0440 

3A 3FEF 


LDA 

GECNTL 


0443 

B7 


ORA 

A 

j graphics mode? 

0444 

CO 


RNZ 


i defeat wrap arround 

0445 

CD 0463 


CALL 

DCUR1 

j down cursor one row 

0448 

CB 


RZ 


j crow“Irow? 

0449 

06 00 


MV I 

B. 0 

i set cursor to 1st col 

044B 

D3 01 


OUT 

BELPRT 


044D 

C9 


RET 





i {FUNCTION) 

up cursor one row 

044E 

CD 06C 1 

UPCUR: 

CALL 

CHKGM 

jcheck graphics mode 

0451 

11 3FFA 

UCUR1: 

LXI 

D. CROW 


0454 

2A 3FFE 


LHLD 

FROM 


0457 

1A 


LDAX 

D 

; crow 

0458 

24 


I NR 

H 

i hl=row wrap arround tbl 

0459 

BD 


CMP 

L 

j crow=frow? 

045A 

C2 04A7 


JNZ 

*4 


045D 

D3 01 


OUT 

BELPRT 

i crow=frow. ring bell 

045F 

C9 


RET 




i {FUNCTION) 

down cursor 

one row 

0460 

CD 06C1 

DWNCUR: 

CALL 

CHKGM 

icheck graphics mode 

0463 

11 3FFA 

DCUR1 : 

LXI 

D. CROW 


0466 

2A 3FFC 


LHLD 

LROW 


0469 

1A 


LDAX 

D 

i crow 

046A 

24 


I NR 

H 

ihl«*row wrap arroud tbl 

046B 

BD 


CMP 

L 

( crow B lrow? 

046C 

C2 04A9 


JNZ 

*5 


046F 

D3 01 


OUT 

BELPRT 

i crow=»lrow. ring bell 

0471 

C9 

PAGE 

RET 
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0472 








i {FUNCTION) 

roll up 


0472 

11 3FFA 

ROLUP: 

LXI 

D, CRON 


0475 

2A 3FFE 


LHLD 

FROW 


0478 

1A 


LDAX 

D 


0479 

24 


I NR 

H 

ihl**row wrap arround tbl 

047A 

BD 


CMP 

L 

i crow=frow? 

047B 

7E 


MOV 

A. M 

i next row 

047C 

F3 


DI 



047D 

32 3FFE 


STA 

FROW 

i frow+1 

0480 

C2 0484 


JNZ 

RUNEG 



5-94 



0483 

12 


STAX 

D 

i crow+1 


0484 

EB 

RUNEQ: 

XCHG 


i d-1. h=3Fh 


0485 

2E FC 


MV I 

L, low LROW 


0487 

5E 


MOV 

E, M 

i de*>row wrap arround tbl 


0488 

1A 


LDAX 

D 

j no x t row 


0489 

77 


MOV 

M, A 

i lrow+1 


048A 

FB 


El 




048B 

C9 


RET 






i {FUNCTION!)- 

roll down 



048C 

11 3FFA 

ROLDWN: 

LXI 

D, CROW 



048F 

3A 3FFC 


LDA 

LROW 



0492 

D6 04 


SUI 

4 

i up one row 


0494 

6F 


MOV 

L, A 



0495 

26 01 


MVI 

H, 1 

i hl=row wrap arround tbl 


0497 

1A 


LDAX 

D 

i crow 


0498 

D6 04 


SUI 

4 



049A 

BD 


CMP 

L 

; crow=lrow? 


04913 

7E 


MOV 

A, M 

; up one row 

- 

049C 

F3 


DI 




049D 

32 3FFC 


STA 

LROW 

i lrow-1 


04A0 

C2 04A4 


JNZ 

RDNEQ 



04A3 

12 


STAX 

D 

; crow-1 


04A4 

IE FE 

RDNEQ: 

MVI 

E, low FROW 


04A6 

1A ' 


LDAX 

D 



04A7 

06 04 

*4: 

SUI 

4 



04A9 

6F 

*5: 

MOV 

L, A 

jhl=row wrap arround tbl 


04AA 

7E 


MOV 

A, M 



04AB 

12 


STAX 

D 

. frow-1 


04AC 

FB 


El 




04AD 

C9 


RET 






i {FUNCTION)- 

enable cursor> unlock keyboard 


04AE 

AF 

CURULK: 

XRA 

A 



04AF 

32 3FEE 


STA 

KBDLCK 

; unlock keyboard 


04B2 

2F 


CMA 


i enab 1 e c ur sor 


04B3 

C3 00 IB 


JMP 

DICUR 





i {FUNCTION} 

lock keyboard 


04B6 

32 3FEE 

KBLK: 

STA 

KBDLCK 

j lock keyboard 


04B9 

C9 

PACE 

RET 
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04BA 









i {FUNCTION} 

delete rest 

of page 


04BA 

3A 3FFA 

DRTPG: 

LDA 

CROW 


04BD 

CD 04E9 


CALL 

CTLRW2 

i clear crow+1 to lrow 




; {FUNCTION} 

delete rest 

of line 


04C0 

CD 0171 

DRTLN: 

CALL 

DFCLOC 

.get cursor loc and diff 


04C3 

57 


MOV 

D) A 

i save 


04C4 

3A 3F20 


LDA 

FBQ 



04C7 

77 

DRLLP: 

MOV 

M, A 

i store space/attribute 


04C8 

23 


INX 

H 



04C9 

15 


DCR 

D 



04CA 

C2 04C7 


JNZ 

DRLLP 

i until end of 1 ine 


04CD 

C9 


RET 






i {FUNCTION} 

clear screen 


04CE 

CD 06BC 

CLRSCN: 

CALL 

DEGRPH 

•defeat graphics mode 


04D1 

2A 3FFE 


LHLD 

FROW 



04D4 

7D 


MOV 

A, L 



04D5 

CD 04E6 


CALL 

CTLRW1 

i clear frow to lrow 




i {FUNCTION} 

home cursor 



04D8 

3A 3FFE 

HOMCUR : 

LDA 

FROW 



04DB 

32 3FFA 


STA 

CROW 

i crow**frow 


04DE 

06 00 

ZROCUR : 

MVI 

B< 0 

> set cursor to 1st col 


04E0 

C9 


RET 






i CLEAR 

TO LAST ROW 



04E1 

16 01 

CLRWLP: 

MVI 

D, 1 



04E3 

5F 


MOV 

E, A 

» de=row wrap arround tbl 


04E4 

1A 


LDAX 

D 

> next row 


04E5 

6F 


MOV 

L, A 



04E6 

CD 03DE 

CTLRW1 : 

CALL 

CLRROW 

i clear whole row 


04E9 

2A 3FFC 

CTLRW2: 

LHLD 

LROW 



04EC 

BD 


CMP 

■ L 

i row=lrow? 


04ED 

C2 04E1 


JNZ 

CLRWLP 

> until last row 


04F0 

C9 


RET 






i {FUNCTION} 

foreground 

follows 


04F1 

11 2020 

FGNDF: 

LXI 

D> 02020h; foreground spaces 


04F4 

C3 04FA 


JMP 

LDFGD 
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; {FUNCTION} background follows 

04F7 

11 AOAO 

BGNDF: 

LXI 

D, OAOAOh; bac kground spaces 

04FA 

21 0000 

LDFGD: 

LXI 

H, 0 


04FD 

39 


DAD 

SP 


04FE 

EB 


XCHQ 



04FF 

31 3F50 


LXI 

SP, DMYR0W+80 

0502 

C3 03EC 


JMP 

PUSHSP 

) store in dummy row 



PACE 
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0505 








i {FUNCTION! insert a line 

0505 

CD 0590 

INSLNE: 

CALL 

CRLR 

)calc crow/lrow diff 

0508 

21 3FFA 


LXI 

H, CROW 


050B 

73 


MOV 

M, E 

f set crow=lrow 

050C 

C2 054B 


JNZ 

MOVDWN 

i move row contents 

050F 

C3 05BC 


JMP 

DRWZCU 

>else> del lrow/ 2 ero cur 



i {FUNCTION! 

strip off a 

line 

0512 

CD 0590 

STOFLNE: CALL 

CRLR 

i get crow/lrow diff 

0515 

CA 058C 


JZ 

DRWZCU 

) del lrow/zero cursor 

0518 

E5 

SLNERG: 

PUSH 

H 

> else do move 

0519 

21 3FE7 


LXI 

H, CPYCTL 

051C 

36 00 


MV I 

M, 0 

) copy upward 

051E 

CD 0550 


CALL 

MOVROW 

i move row contents ■ 

0521 

El 


POP 

H 

) get original crow 

0522 

22 3FFA 


SHLD 

CROW 

) bac k to crow 

0525 

C9 


RET 





i {FUNCTION! 

insert/strip 

off line with range 

0526 

2A 3FFA 

ISLRG: 

LHLD 

CROW 


0529 

3A 3FA3 


LDA 

LINP 

; read 2nd parameter 

052C 

3D 


DCR 

A 


052D 

E6 3F 


AN I 

03Fh 

i 40/7Fh offset to 0/3Fh 

052F 

FE 38 


CPI 

038h 


0531 

DO 


RNC 


i error 

0532 

FE 17 


CPI 

017h 


0534 

DA 053C 


JC 

ISNPA 


0537 

FE 20 


CPI 

020h 


0539 

D8 


RC 


i error 

053A 

D6 09 


SUI 

9 


053C 

3C 

ISNPA: 

I NR 

A 


053D 

57 


MOV 

D, A 


053E 

3A 3FA4 


LDA 

LINP+1 

; read 1st parameter 

0541 

FE 53 


CPI 

"S" 

) strip off? 

0543 

7A 


MOV 

A, D 


0544 

CA 0518 


JZ 

SLNERG 

i do strip off 1 ine 

0547 

CD 05C1 

ILNERG: 

CALL 

IRWOS 

i offset row by para 

054A 

7A 


MOV 

A, D 

) return para 

054B 

21 3FE7 

MOVDWN: 

LXI 

H, CPYCTL 

054E 

36 04 


MV I 

M, 4 

1 copy downward 



iMOVE ROW CONTENTS, UP /DOWN CNTL BY CPYCTL 

0550 

F5 

MOVROW: 

PUSH 

PSW 

) save row count 

0551 

2A 3FFA 


LHLD 

CROW 


0554 

5E 


MOV 

E, M 


0555 

23 


INX 

H 


0556 

56 


MOV 

D, M 


0557 

IB 


DCX 

D 

) crow end 

0558 

D5 


PUSH 

D 

i save 

0559 

21 3FE7 


LXI 

H, CPYCTL) direction control 

055C 

11 3FFA 


LXI 

D. CROW 


055F 

1A 


LDAX 

D 

> read crow 

0560 

96 


SUB 

M 

i direction cntl 
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0561 






0561 

6F 


MOV 

L, A 


0562 

26 01 


MV I 

H, 1 

)hl»row wrap arround tbl 

0564 

7E 


MOV 

A, M 

) lookup +/- one row 

0565 

12 


STAX 

D 

> update crow 

0566 

6F 


MOV 

L. A 


0567 

25 


DCR 

H 

)hl»row start table 

0568 

5E 


MOV 

E, M 


0569 

23 


INX 

H 


056 A 

56 


MOV 

D, M 


056B 

IB 


DCX 

D 

i +/- row end 

056C 

El 


POP 

H 

i rtn current row last loc 

056D 

06 10 


MVI 

B, 80/5 

i copy 80 characters 

056F 

1A 

CPLP: 

LDAX 

D 

) read 

0570 

77 


MOV 

M, A 

t copy 

0571 

2B 


DCX 

H 

jnext byte 

0572 

IB 


DCX 

D 

>next byte 

0573 

1A 


LDAX 

D 

) do 5 times for speed 

0574 

77 


MOV 

M, A 






0575 

2B 


DCX 

H 


0576 

IB 


DCX 

D 


0577 

1A 


LDAX 

D 

( 3 

0578 

77 v 


MOV 

M, A 


0579 

2B 


DCX 

H 


057A 

IB 


DCX 

D 


057D 

1A 


LDAX 

D 

i 4 

057C 

77 


MOV 

M. A 


057D 

2B 


DCX 

H 


057E 

IB 


DCX 

D 


057F 

1A 


LDAX 

D 

i 5 

0580 

77 


MOV 

M. A 


0581 

2B 


DCX 

H 


0582 

IB 


DCX 

D 


0583 

05 


DCR 

B 


0584 

C2 056F 


JNZ 

CPLP 

) finish 80 bytes? 

0587 

FI 


POP 

PSW 

i row count 

0588 

3D 


DCR 

A 


0589 

C2 0550 


JNZ 

MOVROW 

i next rou i 

058C 

47 

DRWZCU: 

MOV 

B. A 

i zero cursor 

058D 

C3 03DB 


JMP 

DCRQW 

land delete cursor row 



i CALCULATE ROW 

DIFFERENCE 

0590 

2A 3FFA 

CRLR: 

LHLD 

CROW 

i calc crow to lroui 

0593 

3A 3FFC 


LDA 

LROW 


0596 

5F 

FRCR: 

MOV 

E. A 


0597 

95 


SUB 

L 

iget the difference 

0598 

D2 05A0 


JNC 

*2 

i within range 

059B 

3E 60 

*D2: 

MV I 

A, RWRG 

i over range 

059D 

83 


ADD 

E 


059E 

95 


SUB 

L 


059F 

B7 


ORA 

A 

) c 1 ear carry 

05 AO 

IF 

$2: . 

RAR 


i row diff /2 

05A1 

C9 
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05A2 








i {FUNCTION)- address cursor 

05A2 

2A 3FA3 

ADDCUR: 

LHLD 

LINP 

i read leadin parameter 

05A5 

7C 


MOV 

A, H 


05A6 

11 5010 

CALCX: 

LXI 

D> 0501 Oh 

< calc x coordinate 

05A9 

BA 


CMP 

D 


05AA 

DA 05B3 


JC 

CX4FD 

i00/4Fh=loc 0/79 

05 AD 

92 


SUB 

D 

i 50/7Fh offset to 0/2F 

05AE 

BB 


CMP 

E 


05AF 

DA 05B3 


JC 

CX4FD 

i 50/5Fh offset to 0/15 

05B2 

93 


SUB 

E 

i 60/7Fh offset to 0/31 

05B3 

47 

CX4FD: 

MOV 

B. A 

» then set cursor 

05B4 

3E IF 

CALCY: 

MVI 

A, OlFh 


05B6 

A5 


ANA 

L 

; 0/ IF. 20/3F. 40/5F, 60/7Fh 

05B7 

FE 18 


CPI 

OlBh 

i offset to OO/lFh 

05B9 

DA 05BE 


JC 

CY17D 

i00/17h=row 0/23 

05BC 

D6 18 


SUI 

OlBh 

i lB/lFh=row 0/7 

05BE 

2A 3FFE 

CY17D: 

LHLD 

FROW 

j offset first row 

05C1 

07 

IRWOS: 

RLC 


i diff*2. msb=0 

05C2 

85 


ADD 

L 

; frow+offset 

05C3 

DA 05CB 


JC 

ROSFFU 

i >FFh 

05C6 

FE El 


CPI 

low RR48+1 

05C8 

DA 05CD 


JC 

ROSEOD 

i less than EOh. ok 

05CB 

D6 60 

ROSFFU: 

SUI 

RWRG 

i row range 

05CD 

32 3FFA 

ROSEOD: 

STA 

CROW 

.then update crow 

05D0 

C9 


RET 





< {FUNCTION} read cursor 


05D1 

CD 05E0 

RDCUR: 

CALL 

RDX 

i read cursor x coord 

05D4 

CD 006D 


CALL 

WTACEA 

iuriti to ace 

05D7 

CD 05E7 


CALL 

RDY 

i read cursor y coord 

05DA 

CD 006D 


CALL 

WTACEA 

i write to ace 

05DD 

C3 074A 


JMP 

CRACE 

; cr for termination 

05E0 

78 

RDX: 

MOV 

A. B 


05E1 

FE 20 


CPI 

020h 

i if O/lFh add offset 

05E3 

DO 


RNC 


i 20/4Fh=cursor loc 32/79 

05E4 

C6 60 


ADI 

060 h 

< 60/7Fh=cursor loc 0/31 

05E6 

C9 


RET 





5-97 


AN-270 




AN-270 


05E7 

2A 3FFE 

RDY: 

LHLD 

FROM 


05EA 

3A 3FFA 


LDA 

CROW 


05ED 

CD 0596 


CALL 

FRCR 

i calc frow/croi a diff 

05F0 

C6 60 


ADI 

060h 

i 60/77h=row 0/23 

05F2 

C9 
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05F3 








i {FUNCTION! next page 


05F3 

16 30 

NPAGE: 

MVI 

D. 030 h 

i page offset 

05F5 

21 3FFA 


LX I 

H, CROW 

05F8 

F3 


DI 



05F9 

7E 

NPLP: 

MOV 

A. M 


05FA 

FE B1 


CPI 

OB 1 h 


05FC 

DA 0601 


UC 

NPLT 

i a< Bl. 82-E0h 

05FF 

92 


SUB 

D 

j a>=Bl, B2-E0h 

0600 

92 


SUB 

D 


060 J 

82 

NPLT : 

ADD 

D 


0602 

77 


MOV 

M. A 


0603 

2C 


I NR 

L 

i do crow/lrow/frow 

0604 

' 2C 


INR 

L 


0605 

FA 05F9 


JM 

NPLP 

i i f pass f roui< end 

0608 

FB 


El 



0609 

C9 


RET 





i <FUNCTION> tab 



060A 

2A 3FFA 

TAB: 

LHLD 

CROW 


060D 

E5 


PUSH 

H 

> save croui 

060E 

CD 0667 


CALL 

SC ATT 


0611 

13 

TDAOSP : 

INX 

D 

inext character 

0612 

2D 


DCR 

L 

i end of row? 

0613 

CC 067A 


CZ 

DRCFL 

i down one row. get 1st loc 

0616 

1A 


LDAX 

D 

i read character 

0617 

84 


ADD 

H 

i check attribute 

0618 

FA 0635 


JM 

TSATT 

idiff. find same attrib 

061B 

FE 20 


CPI 

SPC 

; space? 

061D 

C2 0611 


JNZ 

TDAOSP 

t loop until space 

0620 

13 

TSANSP : 

INX 

D 

inext character 

0621 

2D 


DCR 

L 

j end of row? 

0622 

CC 067A 


CZ 

DRCFL 

i down one row. get 1st loc 

0625 

1A 


LDAX 

D 

i read character 

0626 

84 


ADD 

H 

/check attribute 

0627 

FA 0635 


JM 

TSATT 

idiff. find same attrib 

062A 

FE 20 


CPI 

SPC 

i non space? 

062C 

CA 0620 


JZ 

TSANSP 

i loop until non space 

062F 

D1 

TMCUR: 

POP 

D 

i remove saved crow 

0630 

3E 50 


MVI 

A. 80 


0632 

95 


SUB 

L 

i calc cursor location 

0633 

47 


MOV 

B. A 

i move cursor 

0634 

C9 


RET 



0635 

13 

TSATT: 

INX 

D 

i next character 

0636 

2D 


DCR 

L 

i end of row? 

0637 

CC 067A 


CZ 

DRCFL 

i down one row. get 1st loc 

063A 

1A 


LDAX 

D 

tread character 

063B 

84 


ADD 

H 

i check attribute 

063C 

FA 0635 


JM 

TSATT 

i loop until same attrib 

063F 

C3 062F 
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0642 








i {FUNCTION} clear fore/background to space 

0642 

2A 3FFA 

CFB: 

LHLD 

CROW 


0645 

24 


INR 

H 


0646 

E5 


PUSH 

H 

i save 

0647 

CD 0667 


CALL 

SC ATT 


064A 

1A 

CFBLP : 

LDAX 

D 

i read character 

064B 

84 


ADD 

H 

i test attribute 

064C 

FA 0653 


JM 

CFBDIF 

idiff attrib 

064F 

3E 20 


MVI 

A. SPC 

i if same attrib. 

0651 

B4 


ORA 

H 

i put a space 

0652 

12 


STAX 

D 


0653 

13 

CFBDIF: 

INX 

D 

inext character 

0654 

2D 


DCR 

L 

i character counter-1 

0655 

C2 064A 


JNZ 

CFBLP 

i until finish 80 char 

0658 

El 


POP 

H 

i saved crow 

0659 

3A 3FFC 


LDA 

LROW 


065C 

BD 


CMP 

L 

i row»lrow? 

065D 

C8 


RZ 


i no more 

065E 

6E 


MOV 

L. M 

.else next row 

065F 

E5 


PUSH 

H 

i save 

0660 

CD 0681 


CALL 

*3 


0663 

C3 064A 


JMP 

CFBLP 


0666 

C9 


RET 




5-98 








i SET UP 

CHAR 

COUNTER AND 

ATTRIB 

0667 

CD 

0174 

SCATT: 

CALL 

CURLOC i 

get cursor location 

066A 

EB 



XCHG 


put in de 

066B 

21 

80S0 


LX I 

H, 08050b i 

mask/char count 

066E 

3A 

3F20 


LDA 

FBG 


0671 

A4 



ANA 

H 


0672 

67 



MOV 

H, A 


0673 

22 

3FA5 


SHLD 

LINP+2 i 

save count. attrib 

0676 

7D 



MOV 

A, L 


0677 

90 



SUB 

B i 

get cur to end diff 

067B 

6F 



MOV 

L, A ; 

put in 1 

0679 

C9 



RET 






; DOWN 1 

ONE ROW 

AND GET ADDR ON 1ST COLUMN 

067A 

CD 0463 

DRCFL: 

CALL 

DCUR1 

l down cursor one rou 

067D 

CA 0033 


JZ 

TABSTP 

i crow=lrow» no tab 

0680 

6E 


MOV 

L, M 

inext row 

0681 

25 

*3: 

DCR 

H 


0682 

2B 

*1: 

DCX 

H 


0683 

56 


MOV 

D.M 

jaddr high 

0684 

2B 


DCX 

H 


0685 

5E 


MOV 

E. M 

» addr low 

0686 

2A 3FA5 


LHLD 

LINP+2 

j count and attrib 

0689 

C9 


RET 
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068A 








; {FUNCTION!- graphics 


068A 

3A 3FA3 

GRAPH: 

LDA 

LINP 

i read leadin parameter 

068D 

21 1 07E 

LGPARA 

: LXI 

H, 0107Eh 


0690 

3D 


DCR 

A 


0691 

E6 3F 


AN I 

03Fh 


0693 

BC 


CMP 1 

H 

j h**010h 

0694 

DA 06AD 


JC 

SGI 

. „ A ,. to i. P " 

0697 

FE 3E 


CPI 

03Eh 

i delete 

0699 

CA 06B2 


JZ 

SG3 


069C 

94 


SUB 

H 

i h=010h 

069D 

FE OF 


CPI 

OFh 

j space? 

069F 

CA 06B2 


JZ 

SG3 

i space 

06A2 

BC 


CMP 

H 

; h=010h 

06A3 

DA 06AC 


JC 

SG2 

;> "G" 

06A6 

FE 20 


CPI 

020h 


06A8 

DA 06AD 


JC 

SGI 

; "a" to "p" 

06AB 

2C 


I NR 

L 

i set 1 to 7Fh 

06AC 

7D 

4G2 : 

MOV 

A, L 

i L=7Eh or 7Fh 

06AD 

CD 06D0 

SGI : 

CALL 

STSCN 

i put symbol to screen 

06B0 

C6 IE 


ADI 

OlEh 


06B2 

D6 IE 

SG3: 

SUI 

OlEh 


06B4 

32 3FF3 


STA 

GSYMBL 

i for non/destructive move 

06B7 

3E 80 

ENGRPH 

: MVI 

A, OBOh 


06B9 

C3 06BD 


JMP 

DEGRPH+1 




; {FUNCTION! defeat graphics 

06BC 

AF 

DEGRPH 

: XRA 

A 


06BD 

32 3FEF 


STA 

GECNTL 


06C0 

C9 


RET 






; CHECK 

GRAPHICS MODE AND 

i PUT SYMBOL TO SCREEN 

06C1 

3A 3FEF 

CHKGM: 

LDA 

GECNTL 


06C4 

B7 


ORA 

A 

; graphics mode? 

06C5 

CB 


RZ 


i no. rtn to func 

06C6 

3A 3FF3 


LDA 

GSYMBL 


06C9 

B7 


ORA 

A 

< non destructive move? 

06CA 

FB 


RM 


; yes 

06CB 

21 3F20 

STSP: 

LXI 

H, FBG 


06CE 

AE 


XRA 

M 

j get attribute 

06CF 

AD 


XRA 

L 

.remove space code 

06D0 

CD 0174 

STSCN: 

CALL 

CURLOC 


06D3 

77 


MOV 

M, A 

jwrite to screen 

06D4 

C9 


RET 
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06D5 








i PUT GRAPHIC 

MENU TO SCREEN (LOCAL) 

06D5 

CD 070C 

PGM: 

CALL 

RUADD 


06D8 

CD 06F3 


CALL 

P38SYM 

i print ascii A/Q 

06DB 

CD 06F3 


CALL 

P38SYM 

i print ascii a/q 



5-99 


AN-270 





AN-270 


06DE 

CD 07 0C 


CALL 

RUADD 


06E1 

CD 0700 


CALL 

P32SYM 

•print ascii Oh/Fh 

06E4 

F6 7E 


OR I 

07Eh 

i print ascii 7Eh 

06E6 

CD 06F7 


CALL 

P6SYM 

I 4 spaces 

06E9 

EE 30 


XRI 

030h 

•print ascii 10/lFh 

06EB 

CD 0700 


CALL 

P32SYM 


06EE 

F6 7F 


ORI 

07Fh 

i print ascii 7Fh 

06F0 

C3 06F7 


JMP 

P6SYM 

i4 spaces 

06F3 

F6 41 

P38SYM: 

ORI 

04 lh 

> change symbol 

06F5 

16 10 


MVI 

D> 16 

i counter 

06F7 

14 

P6SYM: 

I NR 

D 


06F8 

CD 0702 


CALL 

PGMLP 


06FB 

16 04 

P4SP: 

MVI 

D. 4 


06FD 

C3 04C4 


JMP 

DRLLP-3 

• put 4 spaces 

0700 

16 10 

P32SYM: 

MVI 

D, 16 

i print 32 symbols 

0702 

77 

PCMLP: 

MOV 

Mi A 


0703 

23 


INX 

H 


0704 

73 


MOV 

M, E 

• FBG 

0705 

23 


INX 

H 


0706 

3C 


I NR 

A 

•next symbol 

0707 

15 


DCR 

D 


0708 

C2 0702 


JNZ 

PGMLP 


070B 

C9 


RET 



070C 

CD 0472 

RUADD: 

CALL 

ROLUP 

• up one row 

070F 

26 00 


MVI 

H, 0 


0711 

6F 


MOV 

L. A 

j h l = lrow 

0712 

CD 0682 


CALL 

*1 

i lrow 1st loc 

0715 

EB 


XCHG 



0716 

CD 06FB 


CALL 

P4SP 

i put 4 spaces 

0719 

5F 


MOV 

E, A 

i FBG 

071 A 

E6 BO 


ANI 

080h 

i get attribute 

071C 

C9 
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07 ID 








iCFUNCTION> transmit a 

1 ine 

071D 

06 00 

SNDLNE: 

MVI 

B. 0 

i set cursor to 1st loc 

07 IF 

CD 0174 


CALL 

CURLOC 

• get row start 

0722 

E5 


PUSH 

H 

i save row start 

0723 

11 004F 


LXI 

D, 79 

i find row end 

0726 

19 


DAD 

D 

lhl“row end. clear carry 

0727 

16 40 


MVI 

D. 040h 

•rotated space 

0729 

7E 

LENDLP : 

MOV 

A, M 

i read char 

072A 

17 


RAL 


(mask out msb 

072B 

AA 


XRA 

D 

•space? . clear carry 

072C 

C2 0734 


JNZ 

LNSP 

) until find a non-space 

072F 

2B 


DCX 

H 


0730 

ID 


DCR 

E 


0731 

C2 0729 


JNZ 

LENDLP 

i repeat loop 

0734 

El 

LNSP : 

POP 

H 

{hl*=row start again 

0735 

56 

SNDLP : 

MOV 

D. M 

•read character 

0736 

3E 60 


MVI 

A. 060h 

;screen all cntl codes 

0738 

A2 


ANA 

D 


0739 

C2 073E 


JNZ 

SNCNTL 

i not control code 

073C 

16 2A 


MVI 

D, "e" 

i cntl code> tend instead 

073E 

CD 006E 

SNCNTL: 

CALL 

WTACED 

jwrite to ace 

0741 

7E 


MOV 

A. M 

{read char again 

0742 

EE 80 


XRI 

OBOh 

{ invert attribute 

0744 

77 


MOV 

M. A 

{ store bac k 

0745 

23 


INX 

H 

•next character 

0746 

ID 


DCR 

E 


0747 

F2 0735 


JP 

SNDLP 

{ until end of 1 ine 

074A 

CD 006B 

CRACE: 

CALL 

SNDCR 

l send cr for termination 

074D 

3A 3FF1 


LDA 

LOCLM 


0750 

B7 


ORA 

A 

{ local? 

0751 

C8 


RZ 


(remote.no time delay 

0752 

CD 075E 

*D3: 

CALL 

SDLY 

( do delay 

0755 

15 


DCR 

D 

{ d was ODh 

0756 

C2 0752 


JNZ'' 

SD3 


0759 

D3 01 


OUT 

BELPRT 

(delay done>ring bell 

07 5B 

C3 0463 


JMP 

DCUR1 

•move cursor to next row 

075E 

E5 

*DLY: 

PUSH 

H 


075F 

D5 


PUSH 

D 



5-100 


0760 

CD 07F0 


CALL 

LUBD 

t lookup baud constant 

0763 

3E IF 


MV I 

A, OlFh 

i chg delag at high bauds 

0765 

B3 


ORA 

E 


0766 

5F 


MOV 

E, A 


0767 

CD 059B 

*D1 : 

CALL 

*D2 


076A 

IB 


DCX 

D 


076D 

15 


DCR 

D 


076C 

14 


I NR 

D 


076D 

F2 0767 


UP 

*D1 


3770 

D1 


POP 

D 


0771 

El 


POP 

H 


0772 

C9 


RET 
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0773 








i DISPLAY CURSOR 

LOCATION (LOCAL) 

0773 

CD 05E7 

LRDCUR: 

CALL 

RDY 

t y coordinate 

0776 

2A 3FFC 


LHLD 

LROW 

i get print out 1 oc 

0779 

5E 


MOV 

E. M 


077A 

23 


1NX 

H 


077B 

56 


MOV 

D, M 


077C 

IB 


DCX 

D 

i lroui last location 

077D 

12 


STAX 

D 

j put to screen 

077E 

CD 05E0 


CALL 

RDX 

> x coordinate 

0781 

IB 


DCX 

D 


0782 

12 


STAX 

D 

i put to screen 

0783 

C9 


RET 





i SCALE 

(LOCAL) 



0784 

21 3FFE 

SCALE: 

LXI 

H. FROM 


0787 

3A 3FFA 


LDA 

CROW 

, 

078A 

BE 


CMP 

M 

i frow“crow 

078B 

CC 048C 


CZ 

ROLDWN 

i if egu. rol 1 down 

078E 

2A 3FFA 


LHLD 

CROW 

: get print out loc 

0791 

2B 


DCX 

H 


0792 

2B 


DCX 

H 


0793 

CD 0682 


CALL 

*1 


0796 

EB 


XCHG 


i h l=loc 

0797 

IE 31 


MVI 

E> “ 1 “ 


0799 

16 B1 

SCLLP1 : 

MV I 

D, " 1 11 +080 h 

079B 

3E BA 


MVI 

A, "9*‘+081h 

079D 

72 

SCLLP2: 

MOV 

M, D 


079E 

14 


I NR 

D 

j " 1 “ to "9" 

079F 

23 


INX 

H 

jnext location 

07A0 

BA 


CMP 

D 

i exceeding "9”? 

07A1 

C2 079D 


JNZ 

SCLLP2 


07A4 

3E 39 


MVI 

A, "9" 


07A6 

73 


MOV 

M,E 


' 07A7 

1C 


I NR 

E 

• i ”1" to "B" 

07A8 

23 


INX 

H 

jnext location 

07A9 

BB 


CMP 

E 

i exceeding "8"? 

07AA 

C2 0799 


JNZ 

SCLLP1 


07AD 

C9 


RET 





i VERTICAL INTERRUPT CONTINUE 



i *****«*#«*****«**««#«##*******«***#**##*««*#«*« 

07AE 

2B 

VTSUB: 

DCX 

H 

i VCALEN 

07AF 

74 


MOV 

M, H 

i hOO, enable VCAL routine 

07B0 

2A 3FF8 


LHLD 

CUR 

i get cursor 

07B3 

36 03 


MVI 

M, 3 

i write to DPB350 

07B5 

2A 3FF6 


LHLD 

TOP 

i top of page 

07B8 

36 02 


MVI 

M, 2 

j write to DP8350 

07BA 

D3 40 


OUT 

VERPRT 

jclr vert intr flip/flop 

07BC 

El 


POP 

H 


07BD 

FB 


El 



07BE 

C9 


RET 





PAGE 




STARPLEX 

MACRO-ASSEMBLER V2. 0 


PAGE 

29 

CRT801 






07BF 








i {FUNCTION} ace, 

r auto 

line feedi upper/lower case 

07BF 

DB 40 

ACESW: 

IN 

SETSW 

i read switch settings 

07C 1 

E6 10 


AN I 

OlOh 


07C3 

32 3FF2 


STA 

AULF 

i set auto If flag 

07C6 

DB 40 


IN 

SETSW 

; read switch again 

07CB 

E6 20 


AN I 

020h 


07CA 

C3 07D2 


JMP 

STUL 

i set u/1 case flag 
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IN IT ACE. TOGGLE 

ULCASE 

(LOCAL) 


07CD 

3A 3FF0 

ATGUL: 

LDA 

ULCASE 



07D0 

EE 20 



XRI 

020h 

i toggle u/1 case 

07D2 

32 3FF0 

STUL: 

STA 

ULCASE 



' 07D5 

CD 07F0 



CALL 

LUBD 

; lookup baud constant 

07D8 

21 9003 



LX I 

H. ACECTL 


07DB 

74 



MOV 

M, H ' 

; set DLAB 


07DC 

2E 01 



MV I 

L. 1 



07DE 

72 



MOV 

M, D 

; set baud 

high 

07DF 

2B 



DCX 

H 



07E0 

73 



MOV 

M, E 

; set baud 

low 

07E1 

2E 03 


' 

MV I 

L, 3 



07E3 

36 02 



MV I 

M, 2 

;7 bit, 1 

stop bit 

07E5 

3A 3FF1 



LDA 

LOCLM 

; local? 


07E8 

3C 

EDACE: 

I NR 

A 



07E9 

21 9000 



LX I 

H, ACEDTA 


07EC 

5E 



MOV 

E.M 

; remove ace input 

07ED 

23 



INX 

H 

; ACEITR mask 

07EE 

77 



MOV 

M, A 

;en/disable ace intr 

07EF 

C9 



RET 




07F0 

DB 40 

LUBD: 

IN 

SETSW 

f lookup baud constant 

07F2 

E6 OE 



AN I 

OEh 



07F4 

C6 FO 

BADDR: 

ADI 

low B 1 10; ad d base 

addr 

07F6 

6F 



MOV 

L. A 



07F7 

26 01 



MV I 

H. 1 



07F9 

5E 



MOV 

E, M 

; get baud 

low 

07FA 

23 



INX 

H 



07FB 

56 



MOV 

D, M 

; get baud 

high 

07FC 

C9 



RET 








END 

START 
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Macros: 








Symbols 








$1 

0682 

*2 

05A0 

*3 

0681 

*4 

04A7 

*5 

04A9 

*D1 

0767 

*D2 

059B 

*D3 

0752 

*DLY 

075E 

*G1 

06AD 

*G2 

06AC 

*G3 

06B2 

ACE 

0038 

ACECTL 

9003 

ACEDTA 

9000 

ACEDUP 

0018 

ACEITR 

9001 

ACESTU 

9005 

ACESW 

07BF 

ADDCUR 

05A2 

ATGUL 

07CD 

AULF 

3FF2 

B 1 10 

01F0 

B 1200 

01F4 

B 19200 

01FC 

B2400 

01F6 

B3840C 

01FE 

B4800 

01F8 

B600 

01F2 

B9600 

01FA 

BADDR 

07F4 

BELL 

0434 

BELPRT 

0001 

BGNDF 

04F7 

BS 

041F 

BS1 

0422 

' BSRTN 

0417 

C1D 

023A 

C7E 

0240 

CALCX 

05A6 

CALCY 

05B4 

CALJMP 

015C 

CARRTN 

03B9 

CB 

0204 

CE 

020A 

CFB 

0642 

CFBDIF 

0653 

CFBLP 

064A 

CG 

020E 

CHAR 

0372 

CHKGM 

06C1 

CUMP 

0158 

CLRROW 

03DE 

CLRSCN 

04CE 

CLRWLP 

04E1 

CMRTN 

025C 

CPLP 

056F 

CPYCTL 

3FE7 

CG 

0222 

CR 

OOOD 

CRACE 

074A 

CRLR 

0590 

CROW 

3FFA 

CROWH 

3FFB 

CTLRW1 

04E6 

CTLRW2 

04E9 

CU 

022A 

CUR 

3FFB 

CUREN 

3FEC 

CURH 

3FF9 

CURLOC 

0174 

CURTMR 

3FEB 

CURULK 

04AE 

CX4FD 

05B3 

CY17D 

05BE 

DCROW 

03DB 

DCUR1 

0463 

DEGRPH 

06BC 

DEL 

0419 

DFCLOC 

0171 

DICMD 

03CE 

DICUR 

001B 

DMYROU 

3F00 

DRCFL 

067 A 

DRLLP 

04C7 

DRTLN 

04C0 

DRTPG 

04B A 

DRWZCU 

058C 

DWNCUR 

0460 

EDACE 

07E8 

ENGRPF 

06B7 

FI 

0A5F 

F10 

84D8 

FI 1 

85F3 

F12 

8472 

F13 

848C 

F14 

84AE 

FI 5 

8DD1 

F16 

ADA2 

F17 

84F 1 

F18 

84F7 

F19 

836B 

F2 

03B9 

F20 

8358 

F21 

8505 

F22 

8512 

F23 

AD26 

F24 

9E8A 

F25 

0419 

F26 

83DB 

F27 

84C0 

F2B 

84BA 

F29 

8642 

F3 

03B1 

F30 

84CE 

F31 

8CB6 

F32 

80 IB 

F33 

871D 

F34 

B7BF 

F35 

0AC5 

F36 

86BC 

F4 

0C34 

F5 

060A 

F6 

0437 

F7 

041F 

F8 

844E 

F9 

8460 

FBG 

3F20 

FCHR2 

3780 

FFCHK 

0267 

FFEND 

3F9F 

FFRD 

3FE5 

FFSTRT 

3F50 

FFWCT 

3FEA 

FFWRT 

3FE6 

FGNDF 

04F1 

FI FACE 

004E 

FRCR 

0596 

FROW 

3FFE 

FROWH 

3FFF 

FS 

0437 

FUNC 

0168 

GECNTL 3FEF 

GRAPH 

068A 

GSYMBL 

3FF3 

HOMCUR 

04D8 

ICMD 

3FE8 

ILCHAR 

03AB 

ILELIN 

02C2 

ILNERG 

0547 

INIT 

00E2 

INSCHA 

036B 

INSCHR 

03BD 

INSLNE 

0505 

INSLP 

039B 

IRWOS 

05C1 

ISLRG 

0526 

ISNPA 

053C 

JMPADD 016A 

KBD 

0020 

KBDACE 

01E4 

KBDINT 

02C9 

KBDLCK 3FEE 

KBDPRT 

0080 

KBLK 

04B6 

KLCRTN 

0260 

KNACTV 0327 

KULCDE 

0003 

ECU 

02F2 

LCLFUN 

005F 

LCLIND 0002 

LDFGD 

04FA 

LEAD IN 

3FE9 

LENDLP 

0729 

LF 

OOOA 

LFD 

03C1 

LFEED 

03B1 

LFSCR 

03D2 

LGPARA 06SD 

LIN 

8000 

LINC 

007E 

LINEXE 

02BE 

LINF 

3FA0 

LINFH 

3FA1 

LINMDE 

02B3 

LINP 

3FA3 

LINPFN 02A4 

LINPRA 

02B3 
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LINSET 

02C5 

LINWCT 

3FA2 

LNSP 

0734 

LOCLM 

3FF1 

LRDCUR 

0773 

LROW 

3FFC 

LROWH 

3FFD 

LSTCHR 

03C0 

UUDD 

07F0 

MIDCHR 

0387 

MOVDWN 

054B 

MOVROW 

0550 

NLC 

0800 

NLCSE 

02EC 

NOWRAP 

0066 

NPAGE 

05F3 

NPLP 

05F9 

NPLT 

0601 

NRW 

3FF5 

ONLINE 

0345 
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OUT ACE 

0079 

OVRNG 

032C 

P32SYM 

0700 

P3BSYM 

06F3 

P4SP 

06FB 

P6SYM 

06F7 

PATTN 

0112 

PGM 

06D5 

PGMLP 

0702 

PSPC 

03A4 

PTNLP 

0117 

PUSHSP 

03EC 

RDCUR 

05D1 

RDFIFO 

026E 

RDNEQ 

04A4 

RDX 

05E0 

RDY 

05E7 

RFFRNG 

027A 

ROLDWN 

048C 

ROLUP 

0472 

R0M2 

034F 

ROSEOD 

05CD 

ROSFFU 

05CB 

ROW 

0008 

ROW1 

0082 

R0W10 

0094 

R0W1 1 

0096 

R0W12 

0098 

R0W13 

009A 

R0W14 

009C 

R0W15 

009E 

ROW 16 

OOAO 

R0W17 

00A2 

R0W1B 

00A4 

RQW19 

00A6 

R0W2 

0084 

R0W20 

00A8 

R0W21 

OOAA 

R0W22 

OOAC 

R0W23 

OOAE 

R0W24 

OOBO 

R0W25 

00B2 

R0W26 

00B4 

R0W27 

00B6 

R0W28 

00B8 

R0W29 

OOBA 

R0W3 

0086 

R0W30 

OOBC 

R0W31 

OOBE 

R0W32 

OOCO 

R0W33 

00C2 

R0W34 

00C4 

RQW35 

00C6 

R0W36 

00C8 

R0W37 

OOCA 

R0W38 

OOCC 

R0W39 

OOCE 

R0W4 

0088 

R0W40 

OODO 

R0W41 

00D2 

R0W42 

00D4 

R0W43 

00D6 

R0W44 

00D8 

R0W45 

OODA 

R0W46 

OODC 

R0W47 

OODE 

R0W47D 

007E 

R0W48 

OOEO 

R0W48D 

0080 

R0W5 

008A 

R0W6 

008C 

R0W7 

OOBE 

R0W8 

0090 

R0W9 

0092 

ROWDP 

0028 

ROWPRT 

0040 

RR1 

0182 

RR10 

0194 

RR11 

0196 

RR12 

0198 

RR13 

019A 

RR14 

019C 

RR 1 5 

019E 

RR16 

01 AO 

RR17 

01A2 

RR1B 

01A4 

RR19 

01A6 

RR1D 

01E2 

RR2 

0184 

RR20 

01 AS 

RR21 

01 AA 

RR22 

01 AC 

RR23 

01 AE 

RR24 

01B0 

RR25 

01B2 

RR26 

01B4 

RR27 

01B6 

RR28 

01BB 

RR29 

01BA 

RR3 

0186 

RR30 

01BC 

RR31 

01BE 

RR32 

01C0 

RR33 

01C2 

RR34 

01C4 

RR35 

01C6 

RR36 

01C8 

RR37 

01CA 

RR38 

01CC 

RR39 

01CE 

RR4 

0188 

RR40 

01 DO 

RR4 1 

01D2 

RR42 

01D4 

RR43 

01D6 

RR44 

01DB 

RR45 

01 DA 

RR46 

01DC 

RR47 

01DE 

RR47D 

017E 

RR48 

01E0 

RR4BD 

0180 

RR5 

01 BA 

RR6 

018C 

RR7 

018E 

RR8 

0190 

RR9 

0192 

RTECTL 

3FED 

RTN 

025F 

RUADD 

070C 

RUNEQ 

04B4 

RWRG 

0060 

SCALE 

0784 

SCATT 

0667 

SCLLP 1 

0799 

SCLLP2 

079D 

SETSW 

0040 

SLNERG 

0518 

SNCNTL 

073E 

SNDCR 

006B 

SNDLNE 

071D 

SNDLP 

0735 

SPC 

0020 

START 

0000 

STFIFO 

0244 

STK 

3FE5 

STOFCH 

0358 

STDFLN 

0512 

STOFLP 

035F 

STSCN 

06D0 

STSP 

06CB 

STUL 

07D2 

TAB 

060A 

TABSTP 

0033 

TBLJMP 

0200 

TDADSP 

0611 

TGLCL 

0333 

TMCUR 

062F 

TOP 

3FF6 

TDPH 

3FF7 

TSANSP 

0620 

TSATT 

0635 

UCUR1 

0451 

ULCASE 

3FF0 

UPCUR 

044E 

VCAL 

01 IF 

VCALEN 

3FF4 

VERPRT 

0040 

VERT 

0010 

VERTDP 

0030 

VRWRAP 

0061 

VTSUB 

07AE 

W1 

1000 

W2 

2000 

WAIT 

014E 

WFFRNG 

025A 

WTACEA 

006D 

WTACED 

006E 

ZROCUR 

04DE 



No Fatal crror(s) 
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DP-XXX 



National 

Semiconductor 


Display Controllers/Drivers 

PRELIMINARY 


DP-XXX Advanced Graphic CRT Controller, AGCRTC 

i 


General Description 

The DP-XXX advanced graphic CRT controller, AGCRTC, 
provides a versatile, powerful and flicker-free solution to 
all raster scan graphic systems. 

The AGCRTC performs six major tasks: 

1) screen update 

2) asynchronized pixel transfer 

3) dynamic RAM refresh control 

4) line drawing 

5) text processing 

6) scrolling 

Multiple AGCRTCs can be used in the same system for 
color graphics or for faster system throughput. 

Features 

■ Supports maximum 2048 pixels by 2048 lines raster 
scan display 

■ 16 or 32-bit wide data bus and 20-bit wide address bus 

■ Maximum frame buffer size up to 16 megapixels 

■ Screen parameters are programmable, including sync, 
blanking, screen size, etc. 

■ System parameters are programmable, including 
refresh, data bus width 


■ Supports both interlaced and noninterlaced raster 
scan displays. 

■ Supports BITBLT with clipping window 

■ Fast scrolling— a Ik by Ik display area can be scrolled 
in any direction within one frame time at 70 Hz, 
noninterlaced 

■ Line drawing at 200 ns per pixel 

■ Supports proportional spacing for word processing 

■ Horizontal and vertical SYNC inputs allow the AGCRTC 
to lock to other video sources 

■ AGCRTC generates either composite SYNC or 
separate vertical and horizontal SYNCs 

■ Dynamic RAM refresh support 

■ Supports color graphics 

■ Easy interfacing to all popular microprocessors 

■ Versatile handshake signals for maximum utilization of 
the available bus bandwidth 

■ Pipelined data input and output structures for high 
system throughputs 

■ Maximum transfer rate, 320 megapixels per second 

■ High-speed CMOS technology 

S 68-pin leaded chip carrier 



Tl/F/5284-1 


FIGURE 1. Single Bus System Diagram 
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MICROPROCESSOR 





GRAPHIC 

PROCESSOR 


FIGURE 3. Multiple Bitplanes, Multiple AGCRTCs System 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 


General Description 

The DS75491 and DS75492 are interface circuits 
designed to be used in conjunction with MOS 
integrated circuits and common-cathode LED's in 
serially addressed multi-digit displays. The num- 
ber of drivers required for this time-multiplexed 
system is minimized as a result of the segment- 
address-and-digit-scan method of LED drive. 


Features 

■ 50 mA source or sink capability 
per driver (DS75491) 

■ 250 mA sink capability 
per driver (DS75492) 

■ MOS compatability (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


Schematic and Connection Diagrams 


DS75491 (each driver) 


DS75492 (each driver) 





A— 4 




^ (2.6,9,13) 



kjA 

y 6.8 




68k 
9 6.8k 



5 6.8k 




\ 310 

1 ^ 


TO OTHER 

V 121L 

1 ^ 

1 

TO OTHER 

1 14) 

^DRIVERS 


TO OTHER 



DRIVERS GNQ 


DS75491 Dual-In-Line Package 

4A 4E 4C Vss 3C 3E 3A 

1 14 In 1 1 2 In In I 9 I 


DS75492 Dual-In-Line Package 

1A 6Y BA Vss SA 5Y 4A 

1 14 1 13 1 12 I 11 lie |g It 



r 

1 A 

l' 

IE 

|3 |4 ,s |S ,r 

1C GND 2C 2E 2A 

r 1 2 1 3 r r 

1Y 2Y 2A GND 3A 

r 

3Y 

I 7 

4Y 



TOP VIEW 

TOP VIEW 





Order Number DS75491 J, DS75492J, 





DS75491N or DS75492N 





See NS Package J14A or N14A 
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Absolute Maximum Ratings 

(Note 1) 



DS75491 

DS75492 

Input Voltage Range (Note 4) 

-5V to V ss 

-5V to V ss 

Collector Output Voltage (Note 5) 

10V 

10V 

Collector Output to Input Voltage 

10V 

10V 

Emitter to Ground Voltage (V ( > 5V) 

10V 


Emitter to Input Voltage 

Voltage at V ss Terminal With Respect to 

5V 

10V 

10 V 

Any Other Device Terminal 
Collector Output Current 

Each Collector Output 

50 mA 

250 mA 

All Collector Outputs 

200 mA 

600 mA 

Continuous Total Dissipation 

600 mW 

600 mW 

Operating Temperature Range 

0°C to +70°C 

0°C to +70° C 

Storage Temperature Range 

-65°C to +150°C 

-€5°C to +150°C 

Lead Temperature (Soldering, 10 sec) 
Maximum Power Dissipation at 25°C 

300°C 

300° C 

Cavity Package 

1308 mW* 

1364 mWt 

Molded Package 

1207 mW* 

1280 mWt 


‘Derate cavity package 8.72 mW/°C above 25°C; derate molded package 9.66 mW/°C above 25° C. 
^Derate cavity package 9.09 mW/°C above 25°C; derate molded package 10.24 mW/°C above 25°C. 


Electrical Characteristics DS75491 (V ss = 10V, T A = 0°C to +70°C unless otherwise noted) (Notes 2 and 


PARAMETER 


"ON" State Collector Emitter Voltage 


c off "OFF" State Collector Current 

V C = 10V, 1 


< 

o 

< 


CONDITIONS 


Input = 8.5V through 1 k!7, 
V e = 5V, l c = 50 mA 


hfv 40 /jA 


V,m = 0.7V 


V IN = 10V, V E =0, l c =20 mA 


V IN = 0. V E = 5V, l c =0 


Input Current at Maximum Input Voltage 


E Emitter Reverse Current 


sg Current Into V ss Terminal 


DS75492 (V ss = 10V, T A = 0°C to +70°C unless otherwise noted) (Notes 2 and 3) 


CONDITIONS 



PARAMETER 

VoL 

Low Level Output Voltage 

■ 

OH 

High Level Output Current 

1 

Input Current at Maximum Input Voltage 

1 

SS 

Current Into V ss Terminal 


T a = 25 C 


T, = 0-70°C 


in ~ 40/jA 


V in = 0.5 V 


V OH = 10V 


Yin = 10V, l OL = 20 mA 



Switching Characteristics DS 75491 (v 


PARAMETER 


P LH Propagation Delay Time, Low-to-High Level Output (Collector) 


t PHL Propagation Delay Time, High-to-Low Level Output (Collector) 


DS75492 (V ss = 7.5V, T A = 25°C) 


PARAMETER 


plh Propagation Delay Time Low-to-High Level Output 


t PHL Propagation Delay Time, High-to-Low Level Output 


ss = 7.5V, T a = 25 C) 


CONDITIONS 


V | H = 4.5V, V E = 0, 

Rl = 200n, C L = 15 pF 


CONDITIONS 


V IH = 7.5V, R l = 390, 
C L = 15 pF 




Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS75491 and DS75492. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 
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DS75491, DS75492 


AC Test Circuits and Switching Time Waveforms 






Note 1 : The pulse generator has the following characteristics: Zout ~ 50n, 
PRR = 100kHz,t w = Vs. 

Note 2: C L includes probe and jig capacitance. 
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National 

Semiconductor 


Display Controllers/ Drivers 


DS55493/DS75493 Quad LED Segment Driver 

General Description Features 


The DS55493/DS75493 is a quad LED segment driver. 
It is designed to interface between MOS IC's and LED's. 
An external resistor is required for each segment to 
drive the output current which is approximately equal 
to 0.7 V/R l and is relatively constant, independent of 
supply variations. Blanking can be achieved by taking 
the chip enable (CE) to a logical "1" level. 


Features 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Output current regulation 

■ Quad high gain circuits 


Schematic and Connection Diagrams 


(4, 5.12.131 
INPUT O— 



I Sae 

£ R6 


> 4k 

(2.7J0.15) 


Dual-In-Line Package 


» EXTERNAL 
'CURRENT SET 
' RESISTOR 



Rseti lour t INI IN2 Iout2 Rset2 

Order Number DS55493J, DS75493J 
or DS75493N 

See NS Package J16A or N16A 


Typical Application 


Truth Table 


CALCULATOR 
OR OTHER 
CURRENT - 
SOURCE 
OUTPUT 


Vss V C C R: 



CE 

V,N 

■out 

0 

1 

ON 

0 

0 

OFF 

1 

X 

OFF 


X = Don't care 


DS75494 DIGIT DRIVER 
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DS55493/DS75493 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 10V 

Input Voltage 10V 

Output Voltage Vcc 

Storage Temperature Range -65° C to +150°C 

Output Current HoyT^ -25 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 1371 mW 

Molded Package 1280 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

‘Derate cavity package 9.14 mW/°C above 25° C; derate molded 
package 10.24 mW/°C above 25°C. 

Electrical Characteristics <v ss > v cc ) (Notes 2 and 3) 


CONDITIONS 


Supply Voltage 
VCC 
V SS 

Temperature, T A 
DS75493 
DS55493 


PARAMETER 


i N Input Current 


CE Chip Enable Input Current 


0UT Output Current 


0L Output Leakage Current 


cc Supply Current, V cc 


ss Supply Current 


MIN TYP MAX UNITS 


V ss = Max, V IN = 8.8V, V cc = Open, V CE = 0V 


'our = R S et@0V, V CE = 8.8V 


V cc = Max, V ss = Max, V CE = 8.8V, All Other Pins 
to Gnd 


l 0U T <s> 2.15V, R l = 500 


louT - I^SET @ 0V, 
Measure Current to Gnd, 
V ss = 8.8V 


V cc = Min, V ss = 6.5V, 
l CE =80 jjA, V, N = 6.5V 
Through 1.0 kft 


V CE = 0V, V IN = 8.8V 


V cc = Min. V CE = 0V 
V| N = 8.8V Through 

ioo kn 


V C e = 6.5V Through 
1.0 kf2, V, N = 8.8V 


Vcc = Max, Vss = Max, All Other Pins to Gnd 


Vcc = 0V, All Other Pins to Gnd 


V cc = Min, V ss = 8.8V 



'out = Open, Rset = Open, 
V CE = 0V 



Switching Characteristics T A = 25°C, nominal power supplies unless otherwise noted 


PARAMETER 

CONDITIONS 

tpd(OFF) Propagation Delay to a Logical "0" 
From Input to Output 

(See AC Test Circuit) 

fpd(ON) Propagation Delay to a Logical "1" 

From Input to Output 

(See AC Test Circuit) 


TYP 

MAX 

UNITS 

170 

300 

ns 

11 

100 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C range for the DS75493 and across the -55°C to +125°C range 
for the DS55493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


AC Test Circuit 


Switching Time Waveforms 
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Display Controllers/ Drivers 


<£M Semiconductor 

DS55494/DS75494 Hex Digit Driver 


General Description 

The DS55494/DS75494 is a hex digit driver 
designed to interface between most MOS devices 
and common cathodes configured LED's with a 
low output voltage at high operating currents. 
The enable input disables all the outputs when 
taken high. 


Features 

■ 150 mA sink capability 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Low voltage saturating outputs 

■ Hex high gain circuits 


Schematic and Connection Diagrams 


INPUT « 

o ss, 

(2. S. 1.10.121 


CHIP ENABLE 5. 5k 



Dual-ln-Line Package 

Vcc IN G OUT 6 OUT 5 IN 5 0UT4 IN 4 CE 



NC INI OUT 1 OUT 2 IN 2 0UT3 IN 3 GND 
TOP VIEW 

Order Number DS55494J, DS75494J 
or DS75494N 

See NS Package J16A or N16A 


Truth Table 


ENABLE 

V,N 

VoUT 

0 

0 

1 

0 

1 

0 

1 

X 

1 
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Absolute Maximum Ratings (Note 1 ) 


Operating Conditions 


Supply Voltage 10V 

Input Voltage 10V 

Output Voltage 10V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

‘Derate cavity package 9.55 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


Supply Voltage, Vcc 

Temperature, Ta 
DS75494 
DS55494 


PARAMETER 


Logical "1” Input Current 


Logical "0" Input Current 


Logical "1” Output Current 


Logical "0" Output Voltage 


= Min, V IN = 8.8V 


V cc = Max, V| N = -5.5V 


V cc = Max, V OH = 8.8V 


CONDITIONS 


V CE = 8.8V through 100k 


V rF = 8.8V 


V IN = 8.8V through 100k, V CE = 0V 


V, N = 8.8V, V CE = 6.5V through 1 ,0k 


Vcc = Min, ^OL = 150 mA, V 1N = 6.5V through 1.0k, 
V C e ~ 8.8V through 100k 



One Driver "ON", V IN = 8.8V 



All Other Pins to GND 


All Other Pins to GND 


V CE = 6.5V through 1.0k 


V IN = 8.8V through 100k 


Output "OFF" Time 


Output "ON" Time 


: 20 pF, R l = 24J2, V cc = 4.0V, See ac Test Circuits 


• 20 pF, R l = 24J2, V cc = 4.0V, See ac Test Circuits 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494 and across the -55°C to +125°C range 
for the DS55494. 

Note 3: All currents into device p : ns shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 





5-112 


































































National 

Semiconductor 


Display Controllers/Drivers 


DS8654 8-Output Display Driver (LED, VF, Thermal Printei) 
DS8656 Diode Matrix 


General Description 


DS8654 is an 8-digit driver with emitter/follower out- 
puts. It can source up to 50 mA at a low impedance, and 
operates with a constant internal drive current over a 
wide range of power supply-from 4.5V to 33V. The 
DS8654 can be used to drive electrical or mechanical, 
multiplexed or unmultiplexed display systems. It can be 
used as a segment driver for common cathode displays 
with external current limiting resistors or can drive 
incandescent or fluorescent displays directly, both digits 
(anodes) and segments (grids). It will be necessary to run 
the device at a lower duty cycle, to keep the maximum 
package dc power dissipation less than 600 mW while 
operating all 8 outputs at high supply voltage and large 
source current. The inputs are MOS compatible and 
eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 


System Description 


The DS8654 and DS8656 are specifically designed to 
operate a thermal printing head for calculator or other 


uses. In this application the same segment in each digit 
is selected at the same time, reducing the overall time 
for a complete print cycle. The DS8654 is an 8-digit 
driver. With a 15-digit print head, two of the DS8654 
are required. 

The DS8656 diode arrays are used to prevent "sneak" 
currents in the resistive print head. In a 15-digit print 
head with one alphanumeric digit there are 119 resistor 
segments requiring 1 1 9 diodes. For ease of assembly, the 
DS8656 is configured in four groups of three common 
cathode diodes in each group. In the system, ten parts 
of DS8656 are required. 

The whole system is designed to operate from a +19V 
supply for the print head and an 8-cell nickel-cadmium 
battery supplying -8V to -11.6V for the rest of the 
electronics. The 8-segment drive transistors require 
LV cer 's of 33V min, /3 of > 100 at l c = 500 mA, and 
V SAT < 1 ,0V at 800 m A with 1 5 mA drive. 


Connection Diagrams 


Dual-ln-Line Package 


OUT 5 OUT 6 OUT 7 0UT8 GND IN8 IN 7 


Dual-ln-Line Package 


|l8 1 17 1 16 1 15 1 14 13 I 12 111 |l0 16 15 14 Il3 12 11 10 9 



OUT 4 OUT 3 OUT 2 OUT 1 V cc INI IN 2 IN 3 IN 4 


Order Number DS8654N 
See NS Package N18A 


Order Number DS8656N 
See NS Package N16A 
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Absolute Maximum Ratings ds 8654 (Note d 


Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 
Maximum Power Dissipation at 25°C 
Molded Package (DS86541* 

Molded Package (DS8656) 1 ' 

Lead Temperature (Soldering, 10 seconds) 


36V 
36V 
V CC - 36V 
-65° C to +1 50°C 

1563 mW 
1280 mW 
300° C 


Operating Conditions ds8654 

MIN MAX UNITS 

Supply Voltage (Vqq) 4.5 33 V 

Temperature (T A ) 0 +70 °C 


‘Derate molded package 12.5 mW/°C above 25°C. 
'•'Derate molded package 10.24 mW/°C above 25°C. 


Electrical Characteristics ds 8654 (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

mm 

Logical "1" Input Current 

V cc = Max, V| N = 6.5V 


390 

500 

ft A 

■E 

Logical "0" Input Current 

V cc = Max, V IN = 0.4V 


13 

40 

HA 


"Off" State Leakage Current 

Vqut = Vcc ~ 33V 


0.01 

-100 

A 

Von 

"On" State Output Voltage 

Vcc ~ Max, l )N = 500 /jA, 
Iqh = 50 mA 


Vcc-1.8 

E3 

V 

•ccioff) 

Supply Current 

Vcc = Max, V )N = Vqut = Gnd 


0.01 

1.0 

mA 

•cC(ON) 

Supply Current 
(All Outputs "ON") 

V cc = Max. V, N - 6.5V, 

1 0 UT = 0 m A 


7.5 

10 

mA 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8654. All typicals are given for Vqc = 30V 
and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Electrical Characteristics dss 656 <t a = o°c to +7o°o 


PARAMETER 


V R Peak Inverse Voltage 

V F Forward Voltage 


CONDITIONS 


= 0.1 mA 
= 50 mA 

= 50 mA to l R = 0.1 mA at V R 


= 30V 


MIN 


TYP 


MAX 


UNITS 


35 


1.5 


V 

V 


US 


Reverse Recov. Time 


1.0 






























































Typical Applications 


Thermal Printer 




LED Display— 0 mA to 50 mA Peak Segment Current 


SEGMENT INPUTS 



DIGIT INPUTS 
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DS8654, DS8656 




DS8654, DS8656 


Typical Applications (Continued) 


LED Display— 50 mA to 100 mA Peak Segment Current 

SEGMENT INPUTS SEGMENT INPUTS 


i ■ ' r 



VF Display 



DIGIT INPUTS 
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National 

Semiconductor 


Display Controllers/Drivers 


DS8664 14-Digit Decoder/Driver With 
Low Battery indicator 

General Description Featur 


The DS8664 circuit is a 14-digit decoder/driver with 
an 80 mA sink capability. The circuit has current thresh- 
old inputs, and is designed to be driven by P-channel 
MOS. The enable input permits interdigit blanking of 
the decoded outputs. An open-collector output os- 
cillator is provided for system timing (two passive 
external components are required). A low-battery in- 
dicator is provided at the "C" input with a nominal 
trip point of 3.25V at 25°C. 


Features 

■ Oscillator frequency accuracy allows maximum 
system speed 


Inter-digit blanking with the enable input provides 
ghost-free display operation 

Low-battery indicator accuracy provides consistent 
low-battery indication 
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DS8664 


Absolute Maximum Ratings (Note 1) 

Supply Voltage 10V 

Input Voltage ±10V 

Input Current ±1.5 mA 

Output Voltage 10V 

Storage Temperature Range — 65° C to +150“C 

Maximum Power Dissipation* at 25°C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

"Derate molded package 16.04 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

M 

Supply Voltage (Vqq) 2 

Temperature (T/\) 0 


VOL(OSC) 


VOL 


PARAMETER 


Logical “1" Input Voltage 
Decoder Inputs 


Enable Input 


Logical "1" Input Current 
Decoder Inputs 


Enable Input 


Logical "0” Input Voltage 


Logical "0" Input Current 


C Input (Low-Battery Output) 


C Input (Low-Battery Output) 


Logical "1" Output Current 
Except Pin R 


Output Short Circuit Current 
Pin R Only 


Logical "0" Output Voltage 
Digit Outputs 


Oscillator Output 


Pin R 


Supply Current— Enabled 


Supply Current— Disabled 


Oscillator Frequency 


Duty Cycle (tpwH/±) 


CONDITIONS 


vcc = Max, Venable = 4 -9v 


MIN TYP MAX UNITS 


I IN = 260pA 


I IN = 1400/jA 


VqC = Max, IeNABLE = 260pA, Ta = 25°C 


Vcc = Max, Venable = 4 -9v 


Vcc = Max 


Vcc = Max, Venable = 4 -9v, Ain,Bin,Din 
l||_ = 25pA C|n 


Vcc = Max, Venable = 4.9V, V(l = Max 


I IN = 300pA 


Vcc = 3.1V, Ta = 25°C 


I IN = 400pA 


Vcc = 3.4V, l|N = 1300pA, Ta = 25°C 


VcC = Max, VoH = 10.0V, VENABLE = 4 -9V 
V RC = 0.6V 


Vcc = Max, V rc = 0.6V 


Vcc = Min, Iql = 80 mA, VenABLE = 4 -9V 


Vcc = Min, Iql = 6 mA, Vrc = 1.5V 


VcC = Min, Iql = 60pA, Vrc = 1.5V 


Vcc = Max, Venable = 4 - 9V 


vcc = Max, Venable = iov 


Rj = 35k ±2%, Ct = 100 pF ±5%, Vcc = Min to 4.5V 


Rj = 33k ±2%, Cj = 1 00 pF ±5%, Vcc = 7.9V to Max 


Rx .= 35k ±2%, Cj = 100 pF ±5%, Vcc = Min to 4.5V 


Rj = 33k ±2%, Cj.= 100 pF ±5%, Vcc = 7.9V to Max 



0.46 0.56 0.66 


0.46 0.56 0.66 


Switching Characteristics v cc = 4.ov 

T a = 25°C unless otherwise specified. 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdl ortp d o 

Propagation Delay From A, B, C, D 
Inputs to Digit Outputs 

rin = 8.2k, Venable = iov, 
rl= loon, Cl = 50 pF 



500 

ns 

tpdO 

Propagation Delay to a Logical "0" 
From Enable Input to Digit Outputs 

R|N = 8.2k, Rl = 1000, Cl = 50 pF 

30 

80 

200 

ns 

tpdl 

Propagation Delay to a Logical "1" 
From Enable Input to Digit Outputs 

R|N = 8.2k, Rl = 100H, Cl = 50 pF 

100 

250 

500 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70° C range; all typical values are given for Vcc = 4 -0V and Ta = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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AC Test Circuits and Switching Time Waveforms 


TO PULSE 
GENERATOR 
AND SCOPE 
PROBE 


INPUT PIN 
UNDER TEST 


SINKING OUTPUT 
PIN UNDER TEST 


C. ■ 50 pF 

X 


OSCILLATOR [ y TO 

OUTPUT O— ♦-■■■ < SCOPE 

PIN I PROBE 

C| 50 pF 




Note: Input voltage rise and fall times are 120 ns from 10% to 90% points. 


Truth Table 


a in 

Bin 

C IN 

Din 

DIG. OUT ON 

0 , 

0 

0 

0 

NONE 

1 

0 

0 

0 

1 

0 

1 

0 

0 

2 

1 

1 

0 

0 

3 

0 

0 

1 

0 

4 

1 

0 

1 

0 

5 

0 

1 

1 

0 

6 

i 

•1 

1 

0 

7 

0 

0 

0 

1 

8 

1 

0 

0 

1 

9 

0 

1 

0 

1 

10 

1 

1 

0 

1 

11 

0 

0 

1 

1 

12 

1 

0 

1 

1 

13 

0 

1 

1 

1 

14 

1 

1 

1 

1 

NONE 
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DS8666 


National 

mA Semiconductor 

Display Controllers/ Drivers 

DS8666 14-Digit Decoder/Driver 


General Description 

Features 

The DS8666 circuit is a 14-digit decoder/driver. Six 
outputs have an 80 mA sink capability, and eight of the 
outputs have a 13 mA nominal source drive capability to 
drive external grounded-emitter transistor bases. The 
circuit has current threshold inputs, and is designed to 
be driven by P-channel MOS. An enable input is pro- 
vided to allow for inter-digit blanking of the decoded 
outputs. An open-collector output oscillator is provided 
for system timing (two passive external components ' 
are required). 

■ Oscillator frequency accuracy allows maximum 
system speed 

■ Inter-digit blanking with the enable input provides 
ghost-free display operation 


Logic and Connection Diagrams 


OSCILLATOR 

OUTPUT 


Dual-In-Line Package 



DIGIT 14 OUT 
DIGIT 1 3 OUT 
DIGIT 12 OUT 
DIGIT 11 OUT 
DIGIT 10 OUT 

SOURCING 

OUTPUT DIGIT 9 OUT 



DIGIT 4 OUT 
DIGIT 5 OUT 
DIGIT BOUT 
DIGIT 7 OUT 
DIGIT 8 OUT 


-DIGIT 11 one TYPICAL OUTPUT SHOWN 
-DIGIT 12 OF EACH TYPE 

-.SINKING 

-DIGIT 13 ys O OUTPUT 

-DIGIT 14 ♦ I 


TOP VIEW 

Order Number DSS666N 
See NS Package N24A 
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Absolute Maximum Ratings 

(Note 1 ) 

Operating Conditions 

MIN 

MAX 

UNITS 

Supply Voltage , 

10V 

Supply Voltage (Vcc) 

7.9 

9.5 

V 

Input Voltage 
Input Current 
Output Voltage 

Storage Temperature Range -65 c 

Maximum Power Dissipation* at 25° C 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

10V 
±1.5 mA 
10V 

C to +1 50° C 

2005 mW 
300° C 

Temperature (T A ) 

0 

+70 

°c 


‘Derate molded package 16.04 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 

Decoder Inputs 

vec = Max, Venable = 6.7V 

l|N = 390 pA 

0.50 



V 

l|N = 1400 pA 



1.50 

V 

V|H Enable Input 

Vcc = Max, lENABLE = 140 pA 

5.0 

6.3 

7.0 

V 

l|H Logical "1" Input Current 

Decoder Inputs 

Vec = Max, Venable = 6.7V 

390 

■ 

■ 

pA 

1 1 H Enable Input 

Vcc = Max 

140 



AA 

V|(_ Logical "0" Input Voltage 

Vcc = Max, Venable = 6.7V, in_ = 25 pA 



0.30 

V 

l|L Logical "0" Input Current 

Vcc = Max, VENABLE = 6.7V, V|L = Max 



25 

p A 

•OH(OSC) Oscillator Output 

Vcc = Max, Voh = 10.0V, Vrc = 0.6V 



50 

pA 

lOH Digit 1—8 Outputs 

Vcc = Max, voh = i.oov, Venable = 6.7V 

-7.0 

-13.0 

-20.0 

mA 

lOH Logical "1" Output Current 

Digit 9—14 Outputs 

Vcc = Max, voh = io.ov, Venable = 6.7V 

■ 

■ 

50 

pA 

lOS Output Short-Circuit Current 

Pin R Only 

Vcc = Max, Vrc = 0.6V 

-0.15 

-0.30 

-0.45 

mA 

VoL(OSC) Oscillator Output 

Vcc = Min, Iql = 6 mA, Vrc = 1.5V 



0.50 

V 

Vol Logical "0" Output Voltage 

Digit 1—8 Outputs 
Digit 9—14 Outputs 
Pin R 

Vcc = Min, Venable = 6.7V 

lOL = 40 pA 

■ 

■ 

0.40 

V 

lOL = 80 mA 


0.35 

0.50 

V 

lOL = 60 pA, 
Vrc= 1.5V 

■ 

0.10 

0.20 

V 

ICC Supply Current-Enabled 

Vcc = Max, Venable = s.7V, voh = i.oov, 

(Sourcing Output "ON") 

■ 

26.0 

35.0 

mA 

ICC Supply Current— Disabled 

Vcc = Max, Venable = i.ov 


5.0 

7.0 

mA 

fOSC Oscillator Frequency 

i 

Rt = 33k ±2%, Cr = 100 pF ±5% 

VCC = Min 
Vcc = Max 

320 

360 

400 

kHz 

D.C. Duty Cycle (tpwn/r) 

Rj = 33k ±2%, Cj = 100 pF ±5% 

VCC = Min 
VCC = Max 

0.46 

0.56 

0.66 



Switching Characteristics v C c = s.4v, t a = 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO or 
Ipdl 

Propagation Delay From A, 
B, C, D Inputs to Digit 
Outputs 

Rin = 8.2k, Venable = iov. 
Cl = 50 pF 

■ 

■ 

500 

ns 

tpdO or 
tpdl 

Propagation Delay From 
Enable Input to Digit 
Outputs 

R|N = 8.2k, Cl = 50 pF 

■ 

■ 

500 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C for the DS8666. All typicals are given for Vcc = 8.4V and 
T a = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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National 

Semiconductor 


Display Controllers/Drivers 


DS8669 2-Digit BCD to 7-Segment Decoder/Driver 


General Description 

The DS8669 is a 2-digit BCD to 7-segment decoder/ 
driver for use with common anode LED displays. The 
DS8669 drives 2 7-segment LED displays without 
multiplexing. Outputs are open-collector, and capable 
of sinking 25 mA/segment. Applications include TV 
and CB channel displays. 


Logic and Connection Diagrams 


Features 

■ Direct 7-segment drive 

■ 25 mA/segment current sink capability 

■ Low power requirement— 16 mA typ 

■ Very low input currents— 2 /iA typ 

■ Input clamp diodes to both Vqq and ground 

■ No multiplexing oscillator noise 


Dual-In-Line Package 
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Order Number DS8669N 
See NS Package N24A 


DS8669 







Absolute Maximum Ratings (Note 1) 

Supply Voltage 7 V 

Input Current 20 mA 

Output Voltage 12V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25° C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

‘Derate molded package 16.04 mW/°C above 25°C. 


Operating Conditions 

MIN 

MAX 

UNITS 

Supply Voltage (Vcc> 4.5 

6.0 

V 

Temperature (T/\) 0 

+70 

“c 


Electrical Characteristics v C c = 5.25v, (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V||-| Logical "1 " Input Voltage 

Vcc = Min 

2.0 


Vcc+0.6 

V 

V|L Logical ”0 ' Input Voltage 

Vcc = Min 

-0.3 


0.8 

V 

l 0 Logical"1 " Output 

Leakage Current 

Vcc = Max, 
V 0 UT= 10V 



50 

ju A 

Vol Logical "0" Output Voltage 

lOL = 25 mA, 
Vcc = Min 


0.4 

0.8 

V 

l|H Logical "1" Input Current 

V|N = Vcc = Max 


2.0 

10 

jtiA 

1 1 1 _ Logical "0" Input Current 

V|N = 0V, 
Vcc = Max 


-0.1 

-10 

juA 

ICC Supply Current 

All Outputs Low, 
Vcc = Max 


16 

25 

mA 

Vie Input Clamp Voltage 

• IN = 10 mA 



VCC+1-5V 

V 

l|(\j = -10 mA 



-1.5 

V 

tpdO Propagation Delay to a Logical “0'' 

From Any Input to Any Output 

rl = 4oon 
Cl= 50 pF 
Ta = 25°C 



10 

ixs 

tpdl Propagation Delay to a Logical "1" 

From Any Input to Any Output 



10 

JUS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8669. All typicals are given for Vcc = 5.25V 
andTA = 25°C. ’ 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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Truth Table 


INPUT LEVELS 

D|\| 

C|M 

Bim 

an 

0 

0 

0 

0 

0 

0 

0 

i 

0 

0 

1 

0 

0 

0 

1 

i 

0 

1 

0 

0 

0 

1 

0 

i 

0 

1 

1 

0 

0 

1 

1 

i 



"0" = Segment ON 
"1 " = Segment OFF 


SEGMENT OUTPUTS 

al 

bl 

cl 

dl 

el 

fl 

gi 

a2 

b2 

c2 

d2 

e2 

f2 

g2 
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0 
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0 
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0 

i 

0 

0 

0 

0 

0 

0 

i 

1 

0 

0 

1 

1 

1 

i 

1 

0 

0 

1 

1 

1 

i 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 
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1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Display Segment Notation 

a a 

*/ g h f / g h 

e L./ c e /_ h 

d d 



AC Test Circuit 


TO OUTPUT 
UNDER TEST 


Switching Time Waveforms 


INPUT 1.5V-\-t f <15ns 

m * ' 


IN-PHASE OUTPUT 
OV 


t r < 1 5 ns 



OUT OF PHASE OUTPUT 
OV 
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DS8692, DS8693, DS8694 


Semiconductor 


Display Controllers/ Drivers 


DS8692, DS8693, DS8694 Printing Calculator Interface Set 


General Description 


Two DS8692 IC's and one each of the DS8693 and 
DS8694 provide the complete interface necessary 
between the MM5787 calculator chip and the Seiko 
Model 310 printing head. The DS8692 is an array of 
eight common emitter output transistors each capable 
of sinking 350 mA, with open collector saturating 
outputs. The DS8693 contains the interface logic for 
the color solenoid driver, motor driver, and 7-column 
character select solenoid drivers. The DS8694 contains 
the interface logic for 8-column solenoid drivers plus 
the clock oscillator and timing signal buffer. The color 
and character select solenoid latch outputs of both are 


constant current outputs supplying the base current 
for the DS8692 arrays. These outputs also feature active 
pull-down. The motor drive latch output is an open 
collector capable of sinking 20 mA. 


Features 

■ Provides complete interface package for printing 
calculators with minimum number of packages and 
minimum number of external components 

■ 350 mA sink capability 


Connection Diagrams 


Dual-In-Line Package 


B7 C7 NC C6 B6 85 C5 E 



Dual-ln-Line Package 


COLUMN LATCH MOTOR 

r * nCOLOR drive motor 

Vcc OUT 1 0UT2 OUT 3 0UT4 OUT 5 0UT6 0UT7 OUT OUT STOP 


Cl 81 B2 C2 NC C3 B3 B4 C4 



IN 1 IN 2 IN 3 IN 4 INS IN6 IN 7 COLOR CLK PRINT GND 


Order Number DS8692N 
See NS Package N22A 


Dual-ln-Line Package 


Order Number DS8693N 
See NS Package N22A 


COLUMN LATCH 

/ * - - ■ ■ sTIMING 

V CC OUT10UT20UT30UT40UT50UT60UT70UTB IN OSC C DSC R 



INI IN 2 IN 3 IN 4 IN 5 IN 6 IN 7 IN 8 CLK TIMING OSC GND 

^n-,, . - ... — ' OUT OUT 

COLUMN 

TOP VIEW 

Order Number DS8694N 
See NS Package N24A 
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Absolute Maximum RatinejS DS8692— Transistor Array (Note 1 ) 


Collector to Base Voltage 
Collector to Emitter Voltage 
Collector to Emitter Voltage (Note 4) 
Emitter to Base Voltage 
Collector Current (Continuous) 


25V 

Power Dissipation (T^ = 25°C) 

650 mW 

25V 

Operating Junction Temperature 

150°C max 

15V 

Operating Temperature Range 

0°C to +70° C 

6V 

Storage Temperature Range 

— 65°C to +150°C 

0.4A 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics 0S8692 (Notes 2 and 3} 


PARAMETER 

CONDITIONS 

VCEO 

Collector to Emitter Breakdown 
Voltage 

1C = 500 pA, Ib = 0 

VCES 

Collector to Emitter Breakdown 
Voltage 

1C = 1 mA, VgE = 0 

VCBO 

Collector to Base Breakdown 
Voltage 

1C = 1 mA, l£ = 0 

VCE(SAT) 

Collector to Emitter Saturation Voltage 

1C = 350 mA, Ib = 7.0 mA, 
(Note 7) 

VBE(SAT) 

Base to Emitter Saturation Voltage 

1C = 350 mA, Ib = 7.0 mA, 
(Note 7) 



Absolute Maximum Ratings DS8693 (Note d Operating Conditions DS8693 


Supply Voltage 12V 

Input Voltage 12V 

Output Voltage 

1 All Pins Except Pin 13 12V 

Pin 13 19V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25° C 

Molded Package 1897 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate molded package 15.18 mW/°C above 25°C. 

Electrical Characteristics dss 693 (Notes 2 and 3) 


Supply Voltage (Vqq) 
Temperature (T/\) 


MIN MAX 

8.5 11.0 

0 +70 


PARAMETER 

CONDITIONS j 

COLUMN DRIVERS 

1 IN 

Input Current 

V|N = 2.7V 



V|N = 9.5V 

VOL 

Output OFF Voltage 

Vcc = Min, V|N = 2.7V, VqlOCK = 3.5V, 
l0UT = 1 mA 

lOH 

Output ON Current 

VqC = Min, V| N = 7.0V, VqlOCK = 3.5V, 
VOUT = 1.0V 

'OS 

Output Short Circuit Current 

Vcc= Max, V |[xj = 2.7V, VcLOCK = 3.5V, 
vqut = ov 


MIN TYP MAX 



CLOCK INPUT 


1 IN 

Input Current 

V| H 

Logical "1" Input High Voltage 

V|L 

Logical "0" Input Low Voltage 


V|N = 3.5V 


V||\| = 1.6V 



MOTOR DRIVER 


1 IN(PRINT) 

Input Current 

V 1 1\| = 2.3V 



V| N = 9.5V 

1 1 L(STOP) 

Input Low Current (Stop) 

Vcc = Min, V | N(STOP) = 0.4V, 
(Stop Switch Closed) 

V|H(STOP) 

Input High Voltage (Stop) 

Vcc = Max, l|N(STOP) = -IO^iA, 
(Stop Switch Open) 

VOL 

Output Low Voltage 

Vcc = Min, Vprint = 7 V, IquT = 15 mA 



DS8692, DS8693, DS8694 





























































































Electrical Characteristics (continued) DS8693 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

MOTOR DRIVER (Continued) 

lOX 

Output Leakage Current 

Vcc = Max, VpRiNT = 2.3V, 
VSTOP = 0,8V, VquT = 15V 



100 

jiA 

'lH(STOP) 

Logical "-1" Input High Current 




-10 

/iA 

COLOR DRIVER 

l|N 

Input Current 

V| N = 3.5V 



300 

ma 



V| N = 1.7V 

50 



mA 

VOL 

Output OFF Voltage 

Vcc = Min, V|N = 1.7V, l0UT = 1 mA 



0.4 

V 

lOH 

Output ON Current 

Vcc = Min, V|N = 3.5V, VoUT = 1.0V 

-8 


-18 

mA 

'CC(SB) 

Stand-by Supply Current, 
(Note 6) 

Vcc = Max, VcOLUMN IN/VpR|NT = OV, 
v COLOR = 0V, VclOCK = 3.5V 



55 

mA 


Absolute Maximum Ratings os8694 (Note d 

Supply Voltage 12V 

Input Voltage 

All Pins Except Pin 15 12V 

Pin 15 19V 

Output Voltage 12V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation at25°C 

Molded Package 2005 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate molded package 16.04 mW/°C above 25°C. 

Electrical Characteristics os8694 (Notes 2 and 3) 


Operating Conditions ds&694 

MIN MAX UNITS 

Supply Voltage (Vqq) 8.5 11.0 V 

Temperature (T^) 0 +70 °C 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


COLUMN DRIVER 


'IN 

Input Current 

V| N = 2.7V 



50 




V|n = 9.5V 



250 

ma 

VOL 

Output OFF Voltage 

Vcc = Min, V|N = 2.7 V, VclOCK = 3.5V, 
IOUT= 1 mA 



0.4 

V 

'OH 

Output ON Current 

Vcc = Min, V|N = 7.0V, VclOCK = 3.5V, 
VOUT=1-OV 

B 


-17 

mA 

'OS 

Output Short-Circuit Current 

Vcc = Max, V|N = 2.7V, VclOCK = 3.5V, 
VquT = ov 



-1.2 

mA 


CLOCK INPUT 


l|N Input Current 

V| N = 3.5V 

V|n = 2.7V 

V||-| Logical "1" Input High Voltage 


V|l Logical "0" Input Low Voltage 


TIMING BUFFER 

l|N Input Current 

V|N = 2 V 

V|N= 17V 

Vol Output Low Voltage 

lOUT = 50 nA, V|N = 10V 

Vqh Output High Voltage 

'OUT = -50 pA, V||\| = 7V 

OSCILLATOR 


'OSC 

Frequency 

Vcc = Max, R = 1 8k, C = 0.001 5 MFd, 
(Note 5) 

VOL 

Output Low Voltage 

Vcc = Min, louT = 50 /liA 

VOH 

Output High Voltage 

'OUT = —50 ;ilA 

DC 

Duty Cycle 

Vcc = Max 

vosc 

Osc. VccT urn ON Voltage 


'CC(SB) 

Stand-by Supply Current 

Vcc = Max. VcOLUMN IN/ 
VPRINT = 0V, ICLOCK = 300 mA 
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Switching Characteristics DS8694 

Vcc = 5V, Ta = 25°C (unless otherwise specified) 


PARAMETER 


COLUMN DRIVERS (DS8693, DS8694) (Figure 3) 


CLOCK OSCILLATOR (DS8694) (Figure 7) 


CONDITIONS 1 

i MIN 

TYP i 

MAX 


PWCOLUMN 

Column In Pulse Width 

pwclock 

Clock Pulse Width 

td 

Delay of Column In Pulse After 
Clock Transitions to Low State 
for Output to Latch 

tPDO 

Propagation Delay to a Logical 
"0" From Clock to Column Out 
Output 

tPDI 

Propagation Delay to a Logical 
"1" From Clock to Column 
Output 

tPDO 

Propagation Delay to a Logical 
"0" From Column In to Column 
Out 

tPDI 

Propagation Delay to a Logical 
"1" From Column In to Column 
Out 

COLOR DRIVER (DS8693) (Figured 

tPDO 

Propagation Delay to a Logical 
"0” From Color In to Color Out 

tPDI 

Propagation Delay to a Logical 
"1" From Color In to Color Out 

MOTOR DRIVER (DS8693) (Figure 6) 

PWPRINT 

Print Signal Pulse Width 

PWSTOP 

Stop Signal Pulse Width 

PWCLOCK 

Clock Pulse Width 

tPDO 

Propagation Delay to a Logical 
"0” From Print to Motor Drive 
Out 

tPDI 

Propagation Delay to a Logical 
“1" From Motor Stop (High-to- 
Low Transition) to Motor Drive 
Out 

| TIMING SIGNAL BUFFER (DS8694) (Figure 5) 

PWTIMING 

Timing Signal Pulse Width 

tr 

Rise Time 

tf 

Fall Time 

tPDO 

Propagation Delay to a Logical 
"0" From Timing In to Timing 
Out 

tPDI 

Propagation Delay to a Logical 
"T" From Timing In to Timing 
Out 


fosc 

Oscillator Frequency 

DC 

Duty Cycle 


r Rise Time 

CLOAD = 70 pF 

r Fall Time 

CLOAD = 70pF 



115 

kHz 

60 

% 

500 

ns 

500 

ns 


DS8692, DS8693, DS8694 






























































































DS8692, DS8693, DS8694 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8692, DS8693, DS8694. All typicals are given 
for V CC = 1 0V and T A = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

All values shown as max or min on absolute basis. 

Note 4: Ratings refer to a high current point where collector-emitter voltage is lowest. 

Note 5: Oscillator frequency is determined by external R between "Osc R" and "Osc C" and external C from "Osc C" to ground. 2k > R > 20k. 
Note 6: Column outputs operate on approximately 1/16 duty cycle in normal operation. 

Note 7: Measured with one output on at a time. 


System Connection Diagram 


|1 |H I I? 1 22 

El E2 E] E4 


Vp - 17V (V DD REFERENCE! 


FIGURE 1 


V S S = 10V (typical) 
Vp = 17V (typical) 

VpD = GND 



Logic and Timing Diagrams 



“*4 b*- f d 


COLUMN 

INFORMATION 

PULSE 


-I Up 


Switching Time Waveforms 



FIGURE 3. DS8693, DS8694 Column Latch 



FIGURE 4. DS8693 Color Driver 



FIGURE 5. DS8694 Timing Signal Buffer 
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DS8692, DS8693, DS8694 


Logic and Timing Diagrams 



■-1 
PRINT | 

h-* t> 430 m> 

[-•-PWpRINT I 

1 I 

L_ 

CLOCK 


i|H 



m 

MOTOR STOP | j | 

-III 

1 

1 

1 

MOTOR DRIVE OUT _ j 

1 II 1 1 
1 1 1 1 1 

Mill I 

1 

1 

1 

1 1 II 1 
1 1 1 1 1 1 
L H LJ_I. 


Switching Time Waveforms 



FIGURE 6. DS8693 Motor Drive Latch 


OSC R 
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Semiconductor 


Display Controllers/Drivers 


DS8859A, DS8869A Open Collector Hex Latch LED Drivers 


General Description 


The DS8859A, DS8869A are TTL compatible open 
collector hex latch LED drivers with programmable 
current sink outputs. The current sinks are nominally 
set at 14 mA but may be adjusted by external resistors 
for any value between 0—32 mA. Each device contains 
six latches which may be set by input data terminals. 
An active low strobe common to all six latches en- 
ables the data input terminals. The DS8859A current 
sink outputs are switched on by entering a high level 
into the latches and the DS8869A current sink outputs 
are switched on by entering a low level into the latches. 

The devices are available in either a molded or cavity 
package. In order not to damage the devices there is a 


limit placed on the power dissipation allowable for each 
package type. This information is shown in the graph 
included in this data sheet. 


Features 

■ Built-in latch 

■ Programmable output current 

■ TTL compatible inputs 

■ 32 mA output sink 


Logic Diagram 


Output Circuit 




Connection Diagram 


Truth Table 


Dual-In-Line Package 

Vcc Uoj INPUT 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3 



STROBE INPUT 6 OUTPUT 6 INPUTS OUTPUTS INPUT 4 OUTPUT 4 GNO 


COMMON 

STROBE 


DS8859 

DS8869 

OUTPUT 

OUTPUT 

(t+1) 

(t+1) 

OFF 

ON 

ON 

OFF 

OUTPUT (t) 

OUTPUT (t) 


Order Number DS8859AJ, DS8869AJ, 
DS8859AN or DS8869AN 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Notei) 


Supply Voltage 7 V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

"Derate cavity package 9.55 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25° C. 


Operating Conditions 


Supply Voltage, Vqq 
T emperature, T A 


MIN 

4.75 

0 


MAX 

5.25 

+70 


UNITS 

V 

°c 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 


CONDITIONS 


V| H Logical "1" Input Voltage 


V cc = Min 


Logical "1" Input Current 


V cc = Max, V iN = 2.4V 


pA 


Logical "0" Input Voltage 


: Min 


0.8 


Logical "0" Input Current 


Vcc = Max, V IN = 0.4V 


V CD Input Clamp Voltage 


V cc = Min, l IN = -12 mA 


l 0H Logical "1" Output Current 


V cc = Min, V, L = 0.8V, V OH = 5.5V, V IH » 2.0V 


PA 


V OL Logical "0" Output Voltage 


V cc = Min, V, L = 0.8V, l OL = 16 mA, 
V| H = 2 V, V| AD j = V CCM)N 


l cc Supply Current 


V cc = Max, Current Sources "OFF," 
(See Truth Table), (Note 4) 


■sink Output Current 


V cc = 5.0V, V 0UT = 2.0V, . 
T a = 25°C, (Note 4) 


V,. 


, = 5V 


•adj = Open 


32 


26 


Switching Characteristics t a = 25°c, v cc = 5v 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t pd0 Propagation Delay to a Logical "0" 

Cqjjt - 15 pF, R l ~ 390£7, 
(Note 5) 

Data to Output 



36 

ns 

Strobe to Output 



50 

ns 

t pd1 Propagation Delay to a Logical "1" 

Data to Output 



150 

ns 

Strobe to Output 



150 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range. All typicals are given for Vqq = 5.0V and 
T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: See graphs for changes in IsiNK versus changes in temperature and Vqc- 

Note 5: CquT includes device output capacitance of approximately 8.5 pF and wiring capacitance. 
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Typical Performance Characteristics 



Max Power Dissipation Curves 


■ki 

immI 
inmn 
I11HM 


CURVE ASSUMES ALL OUTPUTS 
BEING ON ATT. »7D'C 


■sink vs v IADJ < See Figure 1) 


VOLTS ACROSS OUTPUT 

Vjaoj (VOLTS) 

A IsiNK vs Temperature 

A 'SINK/Vcc 


-BO -30 0 30 GO 90 120 

TEMPERATURE (”C) 



4.5 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
V cc (VOLTS) 


IsiNK Adjustment Circuit 











DS8861, DS8863, DS8963 


Semiconductor 


Display Controilers/Drivers 


DS8861 MOS-toLED 5-Segment Driver 
DS8863 MOS-to-LED 8-Digit Driver 
DS8963 MOS-to-LED 8-Digit Driver 


General Description 

The DS8861, DS8863 and DS8963 are designed 
to be used in conjunction with MOS integrated 
circuits and common-cathode LED's in serially 
addressed multi-digit displays. 

The DS8861 is a 5-segment driver capable of 
sinking or sourcing up to 50 mA from each driver. 

The DS8863 is an 8-digit driver. Each driver is 
capable of sinking up to 500 mA. 

the DS8963 is identical to the DS8863 except 
it is intended for operation at up to 1 8V. 


Features 

■ 50 mA source or sink capability 
per driver, DS8861 


■ 500 mA sink capability 

per driver, DS8863, DS8963 

■ MOS compatibility (low input current) 

■ Low standby power 

■ High gain Darlington Circuits 


Schematic and Connection Diagrams 


DS8863/DS8963 



(2.3. 6, 8,11.13,15. 17) 



(1,4. 5, 7,10.12,14.16) 


Dual-ln-Line Package 

V S s E5 IN5 C4 E4 1N4 IN3 E3 C3 


18 17 1 16 15 1 14 13 12 11 10 


Dual-ln-Line Package 

Vss 1 NB 0UT8 IN7 0UT7 IN6 0UT6 INS 0UT5 


18 117 16 IS 1 14 113 112 111 10 



r r r r i 5 i 6 r r p 

C5 Ct El INI NC IN2 £2 €2 V 0 o 


OUT! INI IN2 0UT2 OUT] IN3 0UT4 IN4 V D 


Order Numbers DS8861N, DS8863N or DS8963N 
See NS Package N18A 
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Absolute Maximum Ratings 


Input Voltage Range (Note 1 ) 

Collector (Output) Voltage (Note 2) 
Collector (Output)-to-lnput Voltage 
Emitter-to-Ground Voltage (V, >5V) 
Emitter-to-lnput Voltage 
Voltage at V ss Terminal With Respect to 
Any Other Device Terminal 
Collector (Output) Current 
Each Collector (Output) 

All Collectors (Output) 

Continuous Total Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Maximum Power Dissipation at 25°C 
Molded Package 

Lead Temperature (Soldering, 10 sec) 

*Derate molded package 11.81 mW/°C above 25°C. 
^Derate molded package 12.5 mW/°C above 25° C. 


DS8861 
-5V to V ss 
10V 
10V 
10V 
5V 


50 mA 
200 mA 
800 mW 
0°C to +70°C 
-65°C to +150°C 

1476 mW* 
300°C 


DS8863 
-5V to V ss 
10V 
10V 


500 mA 
600 mA 
800 mW 
0°C to +70°C 
-65°C to +150°C 

1563 mWt 
300° C 


DS8963 

--5V to V ss 
18V 
18V 


500 mA 
600 mA 
800 mW 
0°C to +70°C 
-65°C to +150°C 

1563 mWt 
300°C 


Electrical Characteristics DS8861 <V SS = 10V, T a = 0°C to +70°C unless otherwise noted) 


PARAMETER 


V CEON "ON" State Collector Emitter Voltage 


Icoff "OFF" State Collector Current 


CONDITIONS 


Input = 8V through 1 kfl, V E = 5V, | T A = 25°C 
l c = 50 mA 


V c = 10V, V E =0 


Input Current at Maximum Input Voltage V, N .= 10V, V E = 0, lc = 20 mA 


Emitter Reverse Current 


Current Into V ss Terminal 


V im - 0, V E = 5V, l c = 0 


DS8863/DS8963 (V ss = 10V, T A = 0°C to +70°C unless otherwise noted) 


PARAMETER 


V OL Low Level Output Voltage 


High Level Output Current 


CONDITIONS 


MIN TYP 


0.9 


in ~ 40pA 


V.m = 0.7V 


Vin = 7V, l QUT = 500 mA 


V 0H = 10V* 


in = 40pA 


V,m = 0.5V 


i Input Current at Maximum Input Voltage V| N = 10V, l ou = 20 mA 


; s Current Into V ss Terminal 


l 18V for the DS8963 


MIN TYP 


MAX 

UNITS 

1.2 

V 

1.5 

V 

100 

pA 

100 

pA 

3.3 

mA 

100 

P A 

1 

mA 


MAX 

UNITS 

1.5 

V 

1.6, 

V 

250 

PA ' 

250 

P A 

2 

mA 

1 

mA 


Switching Characteristics DS886i (v ss = 7.5v, t a = 25°o 


PARAMETER 


tpL H Propagation Delay Time, Low-to-High Level Output (Collector) 


PHL Propagation Delay Time, High-to-Low Level Output (Collector) 


CONDITIONS 


V | H = 4.5V, V E = 0 
R l = 200n,C L = 15 pF 



DS8863/DS8963 (V ss = 7.5V, T A = 25°C) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t PLH Propagation Delay Time, Low-to-High Level Output 

V 1H = 8V, R l = 20«, 


300 


ns 

tp H L Propagation Delay Time, High-to-Low Level Output 

C E = 15 pF 


30 


ns 

Note 1: The input is the only device terminal which may be negative with respect to ground. 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 
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DS8861, DS8863, DS8963 


AC Test Circuits and Waveforms 



7.5V 



DS8861 


DS8863 



PRR-100 KHz. tw Mw. 

NOTE 2-. C L INCLUDES PROBE AND JIG CAPACITANCE. 
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General Description 

The DS8867 is an 8-segment driver designed to be driven 
from MOS circuits operating at 8V ±10% minimum 
V ss supply and will supply 14 mA typically to an LED 
display. The output current is insensitive to V cc varia- 
tions. 


Features 

■ Internal current control— no external resistors 

■ 100% efficient, no standby power 

■ Operates in three and four cell battery systems 

■ Inputs and outputs grouped for easy PC layout 


Schematic and Connection Diagrams 


(9) SUBST. I I (17—10) 
GMDQ - | * O0UT 


Dual-In-Line Package 

V CC OUT 1 OUT 2 OUT 3 0UT4 0UT5 0UT6 0UT7 OUTS 



Typical Application 


INI IN 2 IN 3 IN 4 IN 5 IN 6 IN 7 INS GNO 
TOP VIEW 

Order Number DS8867N 
See NS Package N18A 


Typical 3 Cell Scientific Calculator Circuit 



MM5758 

SCIENTIFIC 

CALCULATOR 



NSA5101 LED DISPLAY 

Cl Cl 
u.u. 

Cl Cl Cl Cl Cl Cl _ Cl p 
U.lJ.U. U.CI.LJ. u LI 
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Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage 7V 

Input Voltage 10V 

Output Voltage 10V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation at 25°C 

Molded Package 1345 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate molded package 10.76 mW/°C above 25° C. 



MIN 

MAX 

UNITS 

Supply Voltage, V^c 

3.3 

6.0 

V 

Temperature, T^ 

0 

+70 

°C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V, H Logical "1" Input Voltage 

V cc = Min, V OH = 2.3V, l IH = 500 mA 


4.9 

5.4 

V 

I| L Logical "0” Input Current 

V cc = Max, V 0L = 1.8V, V, L = 2.0V 


0.1 

10 

MA 

l OH Logical "1" Output Current 

V cc = Min, V OH = 2.3V, l, H = 500;uA 

-8 

-14 

-18 

mA 

l OL Logical "0" Output Current 

V cc = Max, V OL = 1.0V, V IL = 1.3V 


-0.5 

-10 

MA 

! cc OFF Supply Current 
^CC ON 

V C c = Max 

All V OL = 1.0V, V IL = 1.3V, (Standby) 


4 

50 

mA 

All V OH = 2.3V, V IH = 7.8V 


112 

150 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C. 
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DS8870 Hex LED Digit Driver 


General Description 


The DS8870 is an interface circuit designed to be used in 
conjunction with MOS integrated circuits and common- 
cathode LED's in serially addressed multi-digit displays. 
The number of drivers required for this time-multiplexed 
system is minimized as a result of the segment-address- 
and-digit-scan method of LED drive. 


Features 

■ Sink capability per driver— 350 mA 

■ MOS compatibility (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


Schematic and Connection Diagrams 


DS8870 (Each Driver) 


Dual-ln-Line Package 


1A 6Y EA 




1Y ZY 2A GNO 3A 3Y 4Y 


Order Number DS8870J or DS8870N 
See NS Package J14A or N14A 
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Absolute Maximum Ratings 

i 

(Note 1) 

Input Voltage Range (Note 4) 

-5V to V ss 

Collector Output Voltage 

10V 

Collector Output to Input Voltage 

10V 

Voltage at V ss Terminal with Respect to 


Any Other Device Terminal 
Collector Output Current 

10V 

Each Collector Output 

350 mA 

All Collector Outputs 

600 mA 

Continuous Total Dissipation 

800 mW 

Operating Temperature Range 

0°C to +70°C 

Storage Temperature Range 
Maximum Power Dissipation at 25°C 

-65°C to +150°C 

Cavity Package 

1308 mW 

Molded Package 

1207 mW 

Lead Temperature (Soldering, 10 seconds) 

300°C 

‘Derate cavity package 8.72 mW/°C above 25° C; derate molded package 9.66 mW/°C 
above 25° C. 

Electrical Characteristics <v ss 

= 10V) (Notes 2 and 3) 


PARAMETER 


V OL Low Level Output Voltage 


V OL Low Level Output Voltage 


0H High Level Output Current 


l OH High Level Output Current 


Input Current at Maximum Input Voltage 


l ss Current Into V ss Terminal 


CONDITIONS 


Input = 6.5V through 1 kL2, 
I 0 ut = 350 mA, T A = 25°C 


Input = 6.5V through 1 k£2, 
Iqut ~ 350 mA 


Vqh= 10V, I in = 40/iA . 


V OH = 10V, V IN = 0.5V 


. V in = 10V, l OL = 20 mA 



MAX 

UNITS 

1.4 

V 

1.6 

V 

200 

MA 

200 

ma 

3.3 

mA 

1 

mA 


Switching Characteristics (v ss =' i ,5v, t a = 25°o 


PARAMETER 

CONDITIONS 

tpLH Propagation Delay Time, Low-to-High Level Output 

V | H = 7.5V, R l = 39LZ, 
C L = 1 5 pF 

tpHL Propagation Delay Time, High-to-Low Level Output 

V IH = 7.5V, R L = 39S2, 
C L = 1 5 pF 


MIN TYP MAX UNITS 



Note 1: "Absolute Maximum Ratings" are' those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 
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DS8871, DS8872, DS8873 Saturating LED Cathode Drivers 


General Description 

The DS8871, DS8872, and DS8873 are bipolar integrat- 
ed circuits designed to interface between MOS cal- 
culator circuits and common cathode LED displays 
operating in the multiplexed mode with a digit current 
of up to 40 mA. The DS8871 is an 8-digit driver; the 
DS8872 is a 9-digit driver; and the DS8873 is a 9-digit 
driver with a built-in battery condition indicator that 
turns on the digit 9 decimal point when the battery 
voltage drops to 6.5V (typical). In a typical calculator 
system operating on a 9V battery, the low battery 
indicator comes on as a warning that the battery should 
be replaced. But the calculator (MM5737 or equivalent) 
will still function properly for awhile. 


Features 

■ Single saturating transistor output 

■ Low battery indicator 

■ MOS compatible inputs 

■ Inputs and outputs clustered for easy wiring 

■ Drivers consume no standby power 


Schematic Diagram 



Connection Diagrams (Dual-ln-Line Packages, Top Views) 


v cc s 



■ OUTPUTS 

V CC 1 NO- 9 8 7 6 5 4 3 2 1 

1 22 1 21 ] 20 | 19 | 1 B 1 17 1 16 1 15 1 14 1 13 1 12 


5 4 3 2 t GNO 


INPUTS 

Order Number OS8871N 
See NS Package N18A 


r r r r r r r r it r 

NC* 9 8 7 6 5 4 3 2 1 GND 

INPUTS 

Order Number DS8872N 
See NS Package N22A 


OUTPUTS 

VCCI V CC2 9 8 7 6 6 4 3 2 1 



INPUTS 

Order Number DS8873N 
See NS Package N22A 


DS8871, DS8872, DS8873 







DS8871, DS8872, DS8873 


Absolute Maximum Ratings 

(Note 1 ) 

Operating Conditions 






MIN 

MAX 

UNITS 

Supply Voltage 

vcci -iiv 

Supply Voltage, Vcci 

4.0 

9.5 

V 

Supply Voltage (Note 4) 

V CC 2= 11V 

Supply Voltage, VcC2 (Note 4) 

4.0 

9.5 

V 

Input Voltage 

11V 

0 

+70 


Output Voltage 

8V 

Temperature, T/\ 

C 

Storage Temperature Range -65° C to +150°C 





Maximum Power Dissipation at 25° C 






Molded Package (DS8871)* 

1563 mW 





Molded Package (DS8872, DS8873) t 

1771 mW 





Lead Temperature (Soldering, 10 seconds) 

300° C 






’Derate molded package 12.5 mW/°C above 25°C. 
'•'Derate molded package 14.17 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IlL 

Logical "O'' Input Current 

V|N = 0.4V 


28 

45 

mA 

IlH 

Logical "1" Input Current 

V|[\| = 4.5V 


1.7 

2.5 

mA 

VOL 

Logical "0" Output Voltage 

V|N = 3.2V, Iq|_ = ^0 mA 


0.35 

0.5 

V 

'OL 

Logical "0" Output Current 

V|n = 3.2V, VoL = 0.5V 



40 

mA 

•CEX 

Output Leakage Current 

VOH = 6V, I| N = 25aA 



40 

JUA 

Idp(on) 

Decimal Point Output Current 

VCC2 = 6.25V, V DP = 2.5V, V| N g = 3.2V, 
(Note 4) 

-5.0 

-7.0 

■ 

mA 

'DP(OFF) 

Decimal Point Output Current 

V C C2 = 7V, V t N9 = 3.2V, V DP = IV, 
(Note 4) 

■ 

■ 

-100 

ma 

Icci 

Supply Current, VqcI 

V C C1 = 6.5V, V(|\j = 0V 


1 

100 

UA 

'CC2 

Supply Current, VqC2 

VcC2 = 9.5V, V||sj9 = 4.5V, (Note 4) 


0.9 

1.2 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

Note 4: Applies to DS8873 only. 


Typical Applications 



FIGURE 1. 4-Cell System 


FIGURE 2. 9V System 


5-144 



































National 

Semiconductor 


Display Controllers/ Drivers 


DS8874 9-Digit Shift Input LED Driver 


General Description 

The DS8874 is a 9-digit LED driver which incorporates a 
shift register input decoding circuit and a low battery 
indicator. Outputs will sink 110 mA at less than 0.5V 
drop when sequentially selected. When the Vcc supply 
falls below 6.5V typical, segment current will be fur- 
nished at digit 9 time to indicate a low battery condition. 
Pin 13 is generally connected to the decimal point 
segment on the display so that when a low battery 
condition exists, the left-most decimal point lights up. 
The digit driver is intended to be used with the 


MM5784N 5-function, 9-digit accumulating memory 
calculator circuit, or any other circuit which supplies 
the 9-digit information in a similar serial format. 

Features 

■ 1 10 mAdigit sink 

■ Low battery indicator 

■ Minimum number of connections 

■ MOS compatible inputs 


Connection Diagram 


Equivalent Schematic 


Dual-ln-Line Package 

LOW 

8ATT 


V cc OUT OUT 9 OUTS OUT 7 0UT6 0UT5 



ruL5k TOP VIEW 

Order Number DS8874N 
See NS Package N14A 

Typical Application 



Typical Application of the DS8874 Digit Driver with the MM5784 5-Function 
Calculator Circuit, NSA1298 9-Digit LED Display and a 9V Battery 



TO 

KEYBOARD 


DS8874 







DS8874 


Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage 10V 

Input Voltage 3V 

Output Voltage 10V 

Storage Temperature Range -65°C to +150° C 

Maximum Power Dissipation at25°C 

Molded Package 1280mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

"Derate molded package 10.24 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Supply Voltage (Vcc) 
Temperature (T^) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

hH 

Logical "1" Input Current 

Vcc = Max, V||\j = 3V 


0.25 

0.4 

hL 

VCCL 

VCCH 

'OH 

Logical "0" Input Current 
Decimal Point "ON” 
Decimal Point "OFF" 
Logical "1" Output Current 

V C C = Max, V|N = 0.8V 

Vdp = 2.3V, Idp * -4 mA. 09 = VoL 

Vdp-IV. I d p = ~ 10/jA, 09 = V 0 L 

Vcc = Max, Output Not Selected 

7.0 

0.05 

0.1 

6.0 

100 

VOL 

Logical "0" Output Voltage 

Vcc = Min, Output Selected, loi = 80 mA 
Vcc = Max, Output Selected, loi =110 mA 


0.45 

0.6 

1 

1.5 

'cc 

Supply«Current 

VcC = Max, One Output Selected 


13 

19 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0° C to +70°C range. All typicals are given for T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

Timing Diagram (Upper Level More Positive) 

^TJ LJ LJ — 

CIOCK PULSE 1 [7] 3 [T| 5 p5~| 1 [7] 9 1 {TJ 3 [T| 5 [7] 7 [~8~| 9 1 [T| 
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DS8877 6-Digit LED Driver 


General Description 


Features 


The DS8877 is a 6-digit LED driver designed as a pin- 
for-pin replacement for the DS75492 in applications 
where digit current is in the 5 to 50 mA range. Since the 
outputs saturate to less than 0.6V, the DS8877 will 
work on lower battery voltages than most digit drivers. 
The DS8877 draws no standby power. 1 


No standby power 

No supply connection 

Operates in 4.5V, 6V or 9V systems 

Pin-for-pin replacement for DS75492 in low current 

applications 


Logic and Connection Diagrams 


Dual-ln-Line Package 


IN, 0UT g IN 6 NO IN 5 0UT 5 IN 4 




out, out 2 in 2 gnd in 3 out 3 out 4 


Order Number DS8877N 
See NS Package N14A 
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Absolute Maximum Ratings (Note 1) 


Supply Voltage 
Input Voltage 
Output Voltage 
Operating Temperature Range 
Storage Temperature Range 
Maximum Power Dissipation at 25°C 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 


None Required 
10V 
10V 

0°C to +70° C 
-65°C to +150°C 


1106 mW 
300°C 


’Derate molded package 8.85 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V, H 

Logical "1" Input Voltage 


5.0 



V 


Logical "1" Input Current 

V IH = 5.0V 



1.2 

mA 

V, L 

Logical "0" Input Voltage 




0.35 

V 

— 

Logical "0" Input Current 

V IL = 0.35V 



20 

MA 

Era 

Logical "1" Output Current 

V c = 8.0V, 

V IN = 0.35V 



100 

HA 

VOL 

Logical "0" Output Voltage 

l OL = 35 mA, 

V IN = 5.0V 



0.5 

V 

Iql 

Logical "0" Output Current 

V OL = 0.5 V, 

V IN = 5.0V 

35 

50 


mA 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 



Calculator Configuration with MM5736 6-Digit Calculator 
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DS7880/DS8880 High Voltage 7-Segment Decoder/Driver 


General Description 

The DS7880/DS8880 is custom designed to de- 
code four lines of BCD and drive a gas-filled 
seven-segment display tube. 

Each output constitutes a switchable, adjustable 
current sink which provides constant current 
to the tube segment, even with high tube anode 
supply tolerance or fluctuation. These current 
sinks have a voltage compliance from 3V to 
at least 80V; typically the output current varies 
1% for output voltage changes of 3 to 50V. Each 
bit line of the decoder switches a current sink on 
or off as prescribed by the input code. Each 
current sink is ratioed to the b-output current 
as required for even illumination of all segments. 

Output currents may be varied over the 0.2 to 1 .5 
mA range for driving various tube types or 
multiplex operation. The output current is ad 
justed by connecting an external program resistor 


(Rp) from Vqc to the Program input in accor- 
dance with the programming curve. The circuit 
design provides a one-to-one correlation between 
program input current and b-segment output 


The Blanking Input provides unconditional blank- 
ing of any output display, while the Ripple Blank- 
ing pins allow simple leading- or trailing-zero 
blanking. 


Features 

■ Current sink outputs 

■ Adjustable output current - 0,2 to 1.5 mA 

■ High output breakdown voltage — 110V typ 

■ Suitable for multiplex operation 

■ Blanking and Ripple Blanking provisions 

■ Low fan-in and low power 


Logic and Connection Diagrams 


Dual-ln-Line Package 



I > CURRENT 

REFERENCE Q_ PROGRAMMING 
CIRCUIT r - , NI>UI 



B C PROGRAM. BI/RBO RBI 


Order Number DS7880J or DS8880J 
Order Number DS8880N 
See NS Package J16A or N16A 
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Absolute Maximum Ratings (Note u 

Operating Conditions 






MIN 

MAX 

UNITS 

Vcc 

7V 

Supply Voltage (Vcc) 




Input Voltage (Except Bl) 

6V 

DS7880 

4.5 

5.5 

V 

Input Voltage (Bl) 

V CC 

DS8880 

4.75 

5.25 

V 

Segment Output Voltage 

80V 

Temperature (T^) 




Power Dissipation 

600 mW 

DS7880 

-55 

*125 

' c 

Transient Segment Output Current (Note 4) 

50 mA 

DS8880 

0 

♦ 70 

■ c 

Storage Temperature Range 

-65° C to +1 50° C 





Maximum Power Dissipation* at 25° C 






Cavity Package 

1 509 mW 





Molded Package 

1476 mW 





Lead Temperature (Soldering, 10 sec) 

300° C 





‘Derate cavity package 10.06 mW/°C above 25 

>°C; derate molded 





package 1 1 .81 mW/°C above 25° C. 






Electrical Characteristics 

(Notes 2 and 3) 





PARAMETER j 

CONDITIONS 

I MIN 1 

TYP j 

MAX 1 

UNITS 


V IH Logical "1" Input Voltage 


V, L Logical “0" Input Voltage 


V 0H Logical “1" Output Voltage 


V OL Logical "0" Output Voltage 


ih Logical “I" Input Current 


li t Logical “0" Input Current 


cc Power Supply Current 


V CD Input Diode Clamp Voltage 


A| 0 | SEGMENT OUTPUTS 
"ON" Current Ratio 


V cc = Min 


V C c = Min 


V^q — Min, Iqut = 200pA, RBO 


V cc = Min, 'out = 8 mA, RBO 


Vin - 2.4V 


V,m = 5.5V 


V cc = Max, Except Bl 


V cc = Max, V IN = 0.4V 


Except Bl 


Bl 




V cc = Max, R P = 2.2k, All Inputs = 0V 


V C c = Max, T a = 25 c C, l IN = -12 mA 


Outputs a, f, and g 

All Outputs = 50V, Output c 

louTb = Ref. Output d 

Output e 


b on Output b "ON" Current 


V CC =5V,V OUT b = 50V, 
All Other Outputs > 5V, 
T a = 25°C 


R P = 18.1k 


R P = 7.03k 


R P = 3.40k 


R P = 2.20k 


V C c = Min, Rp = 1k±5%, I out k = 2 mA, (Note 5) 


V 0 ut = 75V. Bl =0V, R P = 2.2k 


l OUT = 250pA, Bl = 0V, Rp = 2.2k 


Vsat Output Saturation Voltage 


cex Output Leakage Current 


V BR Output Breakdown Voltage 


t pd Propagation Delays 

BCD Input to Segment Output 


Bl to Segment Output 


RBI to Segment Output 


RBI to RBO 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7880 and across the 0°C to 
+70°C range for the DS8880. All typical values are for T^ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4 : In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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Typical Performance Characteristics 



Typical Application 


OECODEn/oarvcR 



Truth Table 



DS7880/DS8880 





DS8881 


National 
Semiconductor 

DS8881 Vacuum Fluorescent 

General Description 

The DS8881 vacuum fluorescent display driver will 
drive 16-digit grids of a vacuum fluorescent display. 
The decode inputs select one of the sixteen outputs to 
be pulled high. The device contains an oscillator for 
supplying clock signals to the MOS circuit, the filament 
bias zener and 50 kO pull-down resistors for each grid. 
Outputs will source up to 7 mA. The DS8881 is designed 
for 9V operation. If the enable input is pulled low/all 
outputs are disabled. 


Display Controllers/ Drivers 
Display Driver 

Features 

■ Oscillator frequency accuracy and stability allows 
maximum system speed 

■ Interdigit blanking with the enable input provides 
ghost-free display operation 

■ ■ 50 kQ pull-down resistors for each grid 

■ 7V filament bias zener 



Connection Diagram 

Dual-ln-Line Package 


D1 D2 D3 D4 D5 D6 07 D8 D9 DID Dll D12 D13 D14 



28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 
















r\ 

DECODER 

— 









OSCILLATOR ^ 

flM 





r~ 



i 

V 

3 

4 

5 

6 

7 

n 

n 

10 

7i 

12 

13 



DO V SS EN 0 



Order Number DS8881N 
See NS Package N28A 

Truth Table All outputs not shown high are off (low) 


INPUTS j 

DIGIT OUTPUTS 

en 

D 

C 

B 

A 

0 

1 
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Absolute Maximum Ratings (Note i j 


Operating Conditions 


Supply Voltage (V B s - V BB ) 38V 

Input Current 10 mA 

Output Current -20 mA 

Storage Temperature Range -65° C to + 150° C 

Maximum Power Dissipation at 25°C 

Molded Package 2168 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

’Derate molded package 17.35 mW/°C above 25°C. 


Supply Voltage 
V SS 
V BB 

Temperature (T/\) 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

V(H 

Logical "1” Input Voltage 

Vss = Max 

Enable 

1 in = 260 pA 



A, B, C, D 

l|N = 1400 pA 

l|H 

Logical "1" Input Current 

Vss = Max 

Enable A, B, C, D 

V|L 

Logical "0" Input Voltage 

Vss = Max 

Enable 



A, B, C, D 

l|L 

Logical "0" Input Current 

VSS = Max 

Enable 

V|N = 0V 



A, B, C, D 

V|N = V|L(MAX) 

VOH 

Logical "1" Output Voltage 

Digit Output, Iqh = ~7 mA 

lOH 

Logical "1" Output Current 

Vss = Max, Osc. Output, Vrc = 0.6V, Vqh = 

10V 

'OS 

Output Short-Circuit Current 

Vss = Min, Pin R, Vrc = 0.6V, Vr = 0V 

Rout 

Output Pull-Down Resistor 

VSS = Min, Digit Output 

vol 

Logical "0" Output Voltage 

VsS = Min 

Osc. 

Vrc = 1.6V 

lOL = 6 mA 



Pin R 

lOL = 60 pA 



VSS = Max 

Digit Output 

Venable = iv 

lOL = lOpA 

iss 

Supply Current 

V S S = 9.5V 

o 

X 

o 

Venable = s.iv 



Venable = iv 

>BB 

Supply Current 

V S S = 9.5V, 
V BB = -26V 

lB = 0, 

l||\| = 300 pA, 

Venable = iv 

- 








(Note 4) 

1 Venable = s.iv 

Vb 

Filament Bias Voltage 

| l B = 10 mA 



- 0.8 


-3.0 



UNITS 

5.1 

V 

1.5 

V 

260 

pA 

1.0 

V 

0.3 

V 

-1.0 

pA 


pA 


V 

50 

pA 

-450 

pA 

85 

kfi 

0.5 

V 

0.2 

V 

Vbb+1-4 

V 

12.5 

mA 

9.0 

mA 

-1.5 

mA 

-5.0 

mA 

Vbb+7.4 

V 


Switching Characteristics Ta = 25°C unless otherwise specified. 


CONDITIONS 


R L = 4.7 kH, C L = 50 pF, V B b = -23V, Vss = 8V 


Vss = 9-5V, Rl = 6k to VgS. Cl = 25 pF 


7 V < Vss < 9-5V, Rt = 27 k£2,±2%, Rl = 1 3k, 
Cr= 100 pF ±5%, Cl = 50pF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C for the DS8881. All typicals are given for Vqq = 5V and 
T/\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Approximately 50% of input current on pins 4, 5, 6, 7 is shunted to V BB . If minimum Igg is desired, then l||\j should be minimized by 
using resistors in series with the inputs. 


PARAMETER 

tpdO 

Propagation Delay to a Logical "0" 
From Enable Input to Digit Output 

tpdO 

Propagation Delay to a Logical "0" 
A, B, C, D to Digit Output 

tpdl 

Propagation Delay to a Logical "1" 
From Enable Input to Digit Output 

tpdl 

Propagation Delay to a Logical "1" 
From A, B, C, D to Digit Output 

tFALL 

Oscillator Output Transition Time 
From 1 to 0 

fosc 

Oscillator Frequency 

dc 

Oscillator Duty Cycle 
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DS8884A 


National Display Controllers/Drivers 

Semiconductor 


DS8884A High Voltage Cathode Decoder/Driver 

General Description 

The DS8884A is designed to decode four lines of 
BCD input and drive seven-segment digits of gas- 
filled readout displays. 

All outputs consist of switchable and program- 
mable current sinks which provide constant cur- 
rent to the tube cathodes, even with high tube 
anode supply tolerance. Output currents may be 
varied over the 0.2 to 1.2 mA range for multi- 
plex operation. The output current is adjusted by 
connecting an external program resistor (R P ) 
from V cc to the program input in accordance 
with the programming curve. Unused outputs 
must be tied to V C c- 


Features 

■ Usable with AC or DC input coupling 

■ Current sink outputs 

■ High output breakdown voltage 

■ Low input load current 

■ Intended for multiplex operation. 

■ Input pullups increase noise immunity 

■ Comma/d. pt. drive 



Logic and Connection Diagrams 



Dual-ln-Line Package 


d. pt 



TOP VIEW 

Order Number DS8884AN 
See NS Package N18A 
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Absolute Maximum Ratings (Note u 


Operating Conditions 


Vcc 7V 

Input Voltage (Note 4) V qq 

Segment Output Voltage 80V 

Power Dissipation 600 mW 

Transient Segment Output Current (Note 5) 50 mA 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation at25°C 

Molded Package 1714 mW 

’Derate molded package 13.71 mW/“C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Supply Voltage (Vqq) 
Temperature (T A ) 


PARAMETER 


Logical "1" Input Voltage 


Logical "0" Input Voltage 


Logical "1" Input Current 


Logical "0" Input Current 


Power Supply Current 


Positive Input Clamp Voltage 


Negative Input Clamp Voltage 


SEGMENT OUTPUTS 
"ON" Current Ratio 


CONDITIONS 


V cc - 4.75V 


V cc = 4.75V 


V cc = 5.25V, V IN = 2.4V 


V cc = 5.25V, V IN = 0.4V 


V cc = 5.25V, R P = 2.8k, All Inputs = 5V 


V cc = 4.75V, l IN = 1 mA 


V cc = 5V, l| N =-12 mA, T A = 25°C 


All Outputs = 50V, Iqut b = Ref., All Outputs 



■ 

b ON Output b "ON" Current 


R P = 18.1k 

0.15 

0.25 

mA 



Vcc ~ 5V, Vquj b - 50V, 

R P = 7.03k 

0.45 

0.55 

mA 



T A = 25° C 

R P = 3.40k 

0.90 

1.10 

mA 




R P = 2.80k 

1.08 

1.32 

mA 


Output Leakage Current 


Output Breakdown Voltage 


Propagation Delay of Any 
Input to Segment Output 


Vqut = 75V 


out - 250pA 


Vcc =5V,T A =25°C 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8884A. All typical values are for 
T A = 25° C and V^c = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This limit can be higher for a current limiting voltage source. 

Note 5: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


Truth Table 


Typical Application 


FUNCTION 

D PT 

COMMA 

D 

c 

B 

T] 

. 

b 

C 

d 

• 

T 

9 

DISPLAY 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

o 


1 

1 

0 

o 


t 

1 

0 

0 

1 

1 

' 

1 

1 

2 

1 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

3 

3 

1 

1 

o 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

3 

4 

1 

1 

0 

1 

0 

0 

1 

0 

0 

' 

• 

o 

0 

H 

5 

1 

1 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

*-/ 





, 

t 



1 

0 

0 

0 

0 

0 

fa 


1 


0 

, 

1 

, 

0 

0 

o 


1 


1 


8 

1 


1 

0 

0 

0 

0 

o 

o 

o 

0 

0 

0 

a 

8 


\ 

1 

0 

0 

; 

0 

° 

° 

0 


0 

0 

3 

11 

1 


1 

0 


\ 

, 

, 

0 

0 

0 

1 

0 


13 

1 

1 


1 

1 

! 

0 


0 

° 

! 

0 

r 

0 

0 

0 

& 

14 

1 

1 

1 

1 


° 

' 


1 

1 

1 

’ 

0 

B 

•OPT 

0 

1 

X 

x 

x 

X 

X 

X 

X 

X 

X 

X 

X 


‘Comm. 

0 

0 

* 


_L_ 

* 

x 

x 

x 

x 

x 

JL 

_L 




‘Decimal point and comma can be displayed with or without any numeral. 


Typical Performance Characteristics (see ds 788 o data sheet) 
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DS8885 


Display Controllers/Drivers 


DS8885 MOS to High Voltage Cathode Buffer 

General Description 


The DS8885 interfaces MOS calculator or counter- 
latch-decoder-driver circuits directly to 7-segment, 
high-voltage, gas-filled displays. The six inputs A, 
B, D, E, F, G are decoded to drive the 7-segment 
of the tube. 

Each output constitutes a switchable, adjustable 
current source which provides constant current to 
the tube segment, even with high tube anode supply 
tolerance or fluctuation. These current sources have 
a voltage compliance from 3V to at least 80V. Each 
current source is ratioed to the b-output current 
as required for even illumination of all segments. 
Output currents may be varied over the 0.2 to 
1.5 mA range for driving various tube types or 


multiplex operation. The output current is adjusted 
by connecting a program resistor (R P ) from V cc to 
the program input. 

Features 

■ Current source outputs 

■ Adjustable output currents 0.2 to 1 .5 mA 

■ High output breakdown voltage 80V min 

■ Suitable for multiplex operation 

■ Low fan-in and low power 

■ Blanking via program input 

■ Also drives overrange, polarity, decimal point 
cathodes 


Connection Diagram 


Truth Tables 


Dual-ln-Line Package 



Order Number DS8885J or DS8885N 
See NS Package J16A or N16A 

Typical Applications 



A B D E F 6 DISPLA Y 
111110 jj 

0 1 0 0 0 0 / 
111101 iP 

111001 3 

oiooii S' 

101011 5 

101111 /p 

iioooo 7 

111111 S 

itioii g 

0 0 1111 h 

110011 9 

110111 ip 

010111 !-! 

01 1110 U 

oooooi - 

oo oooo 



■i — — v- i i _ rx 

i {-if 

1 ' *!f V 1 DS8885 INPUT 

V oa o— ♦— f— — o 1 

-12V 

1 

Open-Drain MOS Output 

Push-Pull MOS Output 
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Absolute Maximum Ratings (Note 1 ) 

Vcc 7V 

Input Voltage 6V 

Segment Output Voltage 80V 

Power Dissipation 600 mW 

Transient Segment Output Current (Note 4) 50 mA 

Storage Temperature Range -65°C to + 150° C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package • 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate cavity package 10.06 mW/°C above 25° C; derate molded 
package 1 1 .81 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

4.75 

5.25 

V 

Temperature (T/\) 

0 

+70 

°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V.H 

Logical "1" Input Voltage 

V C c = Min 

2.0 



V 

V,L 

Logical "0" Input Voltage 

Vqq = M i n 



0.8 

V 


Logical "1" Input Current 

V cc = Max 

V IN =2.4V 


2 

15 

PA 



V, N = 5.5V 


4 

400 

a<a 


Logical "0" Input Current 

Vqq = Max, Vjfg 

= 0.4V 


-300 

-600 

PA 


Power Supply Current 

V cc = Max, All Inputs = 0V, R P = 2.2k 


22 

31 

mA 

V, 

Input Diode Clamp Voltage 

V C c = 5V, l, N = 

-12 mA, T A = 25°C 


-0.9 

-1.5 

V 


SEGMENT OUTPUTS 
l 0 "ON" Current Ratio 

All Outputs = 50V, 
Iqut b = R e f- 

Outputs a, f, and g 

0.84 

0.93 

1.02 


Output c 

1.12 

1.25 

1.38 


Output d 

0.90 

1.00 

1.10 


Output e 

0.99 

1.10 

1.21 


l b on Output b "ON" Current 

V C c =5V, V 0UT b = 50V, 
T a = 25°C 

R P = 18.1k 

0.15 

0.20 

0.25 

mA 

R P = 7.03k 

0.45 

0.50 

0.55 

mA 

R P = 3.40k 

0.90 

1.00 

1.10 

mA 

R P = 2.20k 

1.35 

1.50 

1.65 

mA 

Vsat Output Saturation Voltage 

V CC = Min, l OUT b = 2 mA, R P = Ik ±5%, (Note 5) 


0.8 

2.5 

V 

Icex Output Leakage Current 

Vqut = 75V, V, N = 0.8V, R P = Ik 


0.003 

3 

MA 

V QR Output Breakdown Voltage 

l OUT = 250pA, V IN = 0.8V 

80 

110 


V 

t pd Propagation Delay of Input 

to Segment Output 

V CC = 5V, T a = 25°C 


0.4 

10 

PS 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8885. All typical values are for T/\ = 25°C 
and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode drive in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 

Typical Performance Characteristics 

Output Current Programming On Currents vs Temperature Output Characteristic 




T a ( C) 
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DS8887, DS78/8889, DS78/8897A 



National 

Semiconductor 


Display Controllers/ Drivers 


DS8887 8-Digit High Voltage Anode Driver 
(Active-High Inputs) 

DS7889/DS8889 8-Segment High Voltage Cathode Driver 
(Active-High Inputs) 


DS7897A/DS8897A 8-Digit High Voltage Anode Driver 
(Active-Low Inputs) 


General Description 

The DS8887 and DS7897A/DS8897A are de- 
signed to drive the individual anodes of a 7-seg- 
ment (cathodes) high-voltage gas discharge panel 
in a time multiplexed fashion. 

When driven with appropriate input signals, the 
driver will switch voltage and impedance levels at 
the anode. This will allow or prevent ionization 
of gas around selected cathode in order to form a 
numeric display. This main application is to inter- 
face with MOS outputs (fully-decoded) and the 
anodes of a gas-discharge panel, since the devices 
can source up to 16 mA at a low impedance and 
can tolerate more than 55V in the "OFF" state. 


output sink current, which can be adjusted by 
external program resistor, R P . The program cur- 
rent is half that of output "ON" current. In the 
"OFF" state the outputs can tolerate more than 
80V. The ratio of "ON" output currents is within 
±10%. Inputs have negative clamp diodes. Active 
high input logic. The main application of the 
device is to interface MOS circuits to high-voltage 
displays. Unused outputs should have correspond- 
ing inputs connected to V EE . 

Features 

■ Versatile circuits for a wide range of display 
applications 


DS7 889/DS8889 is capable of driving 8 segments ■ High breakdown voltages 

of a high-voltage display tube with a constant ■ Low power dissipation 


Connection Diagrams (dual-in-line packages) 


DS8887, DS7897/DS8897 


DS7889/DS8889 


INPUTS 



OUTPUTS 


b t d t I g h V EE 



TOP VIEW 


Order Number DS7897AJ, DS8887J, 
DS8897AJ or DS8897AN 
See NS Package J18A or N18A 


Order Number DS7889J, DS8889J 
or DS8889N 

See NS Package J18A or N18A 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage (Vqc - Vgi/^s) (Note 2) 

DS8887, DS7897A, DS8897A -60V 

Input Voltage 

DS8887, DS7897A/DS8897A -20V 

DS7899/DS8889 (Note 3) 35V 

Output Voltage 

DS8887, DS7897A/DS8897A -65V 

DS7889/DS8889 85V 

Storage Temperature Range -65° C to +150°C 

DS7889/DS8889 Maximum Power Dissipation* at 25°C 

Cavity Package 1436 mW 

Molded Package 1563 mW 

DS8887, DS7897A/DS8897A Maximum Power Dissipation* at 

25° C 

Cavity Package 1496 mW 

Molded Package 1714 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Operating Conditions 

MIN 

Supply Voltage (Vcc - BeiAS* 

DS8887, DS7897A/DS8897A -40 

Temperature (T/\) 

DS7889, DS7897A -55 

DS8897' DS8889, DS8897A 0 


Derate cavity package 1 1 .49 mW/°C above 25“C; derate molded 
package 12.5 mW/°C above 25° C. 

^Derate cavity package 1 1 .97 mW/°C above 25°C; derate molded 
package 13.71 mW/°C above 25°C. 


Electrical Characteristics (Notes 2, 3 and 4) 


PARAMETER 


DS8887. DS8897A. DS7897A 


Logical "1" Input Voltage 


Logical "0" Input Voltage 


Logical "1" Input Current 


Logical "0" Input Current 


Input Current 


Vqut off Output "OFF" Voltage 


out off Output "OFF" Current 


V 0 ut on Output "ON" Voltage 



DS7889/DS8889 


1 


Input Current 


Logical "0" Input Current 


Logical "1" Input Current 


CONDITIONS 


Vout = -1.4V, Iout = -16 mA, DS8887 


Vout = -60V, Iout = ~100pA, DS8887 


Vout = “1 4V, I OU t - “16 mA, DS8897A, DS7897A 


Vout = “60V, I OU t = “lOOpA, DS8897A, DS7897A 


V, N =~1.0V 

DS8887 V, N = -6.0V 

Vin = -12V 


DS7897A, DS8897A, V IN = -12V 


out = 100pA, l|M = OpA 


Vqut — 55V, Ipg - OpA 


V, N = -2.0V, DS8887 


1N = -300pA, DS8897A, DS7897A 


V IN = -1.0V, DS8887, (Note 5) 


l IN = -300pA, DS8897A, DS7897A 
(One Driver Only) 


MAX UNITS 


out - 16 mA 


Iout _ 16 mA, 
Vbias = -60V 


V, 

Input Clamp Voltage 

VoH 

Output Breakdown Voltage 


Output Leakage Current 


Prog. Input Voltage 


Logical "0" Output Current 


Output Current Ratio 


V IN = 6.0V 


out _ 5. OpA, Vqut = 75V 


out — 1 .4 mA, I ip = 850pA, Vqut “ 50V 


in = -1.0 mA, T a = 25°C 


out “ lOOpA, I|m - OpA 


Vqut = 75V, -0.1 mA < l IN < 7.0pA 


ip — 1 50pA 


ip = 850pA 


DS7889 

I ip = 150pA 

DS8889 

Vout = 50V, DS78S9 

I ip = 400pA 

80pA<l,M<liP IP DS8889 

DS7889 

I |p = 850pA 

1 DS8889 


out 6 Ref = 1 .7 mA, Vqut — 50V 
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DS8887, DS78/8889, DS78/8897A 




















































































































































DS8887, DS78/8889, DS78/8897A 


Switching Characteristics 

T a - 25°C unless otherwise specified. 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DS8887 

Ion Propagation Delay from Input 

to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 


II 

5.0 

Ms 

tmsE Propagation Delay from Input 
to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 



1.0 

Ms 


DS7889/DS8889 


tpdo Propagation Delay to a Logical 

"0" from Input to Output 

R P = 6.0k to 6.0V, Rqut = 10k to 6.0V 

■ 

37 

100 

ns 

tpdi Propagation Delay to a Logical 

"1" from Input to Output 

Input Ramp Rate < 15 ns, Freq = 1.0 MHz 
dc = 50%, Amplitude = 6.0V 


92 

200 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All voltage shown for DS8887, DS7897A/DS8897A W.R.T. Vqc = OV. All currents into device pins shown as positive, out of device 
pins as negative. All values shown as max or min on absolute basis. 

Note 3: All voltages for DS7889/DS8889 with respect to Vg£ = OV. 

Note 4: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7889 and DS7897A, and across 
the 0°C to +70°C range for the DS8887, DS8889 and DS8897A. All typicals are given for T A = 25° C. 

Note 5: Supply currents specified for any one input = -1.0V. All other inputs = -5.5V and selected output having 16 mA load. 


Typical Application 



Note 1: All outputs of both cathode and anode driver have loads as shown for output a and digit 1. 
Note 2: Use DS8887 for active-high inputs and DS8897 for active-low inputs. 


Typical Performance 
Characteristics 



-12 -10 - 8.0 - 6.0 - 4.0 - 2.0 0 

V, N (V) 


AC Test Circuit and Switching Time Waveforms 
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DS8887, DS78/8889, DS78/8897A 




DS8891A 


Semiconductor 


Display Controllers/ Drivers 


DS8891A High Voltage Anode Drivers 
(Active-Low Inputs) 


General Description 


The DS8891A is a 6 digit anode driver intended for 
use with seven segment, common anode, high voltage, 
gas discharge display panels operating in a multiplexed 
mode. The driver switches voltage and impedance levels 
at the display's anode allowing or preventing ionization 
of gas around selected cathodes, forming a numeric dis- 
play. The device acts as a buffer between MOS outputs 
(fully decoded) and the anodes of a gas-discharge panel. 


and it can source up to 16 mA at a low impedance and 
can withstand more than 55V in the off state. 

Features 

■ High breakdown voltage 

■ Low power dissipation 

■ Easy interface to clock and calculator circuits 


Schematic and Connection Diagrams 


TYPICAL DRIVER SHOWN 



Dual -In-Line Package 

Vcc INI IN 2 IN 3 IN 4 INS IN 6 



OUTI OUT 2 OUT 3 0UT4 0UT5 0UT6 V B 


Typical Application 


pros —\ 


lSJ 


Order Number DS8891AJ 
or DS8891AN 

See NS Package J14A or N14A 



5-164 







Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage (Vcc ~ V BIAS> - 60 V 

Input Voltage -20V 

Output Voltage -65V 

Storage Temperature Range -65°Cto+150 C 

Maximum Power Dissipation at25°C 

Cavity Package 1433 mW 

Molded Package 1398 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

’Derate cavity package 9.55 mW/°C above 25° C; derate molded 
package 11.18 mW/° C above 25° C. 

Electrical Characteristics (Notes 2 and 3) 


Supply Voltage, Vcc - V B j A s 
Temperature, Ta 0 


PARAMETER 


Input Current 


CONDITIONS 


V BIAS =Min, V IN = -12V 


l, H Logical "1” Input Current V B , AS = Min, V OL = -2.0V 


i L Logical "0" Input Current V B , AS = Min, V OUT =-60V, I out =-100/jA 


OH Logical "1” Output Current V BtAS = Max, l| N =0pA, V 0H = ~55V 


V 0L Logical"0" Output Voltage l OL = -16 mA, I, h =-300aiA 


V BD Output Breakdown Voltage V B , AS = Max, I n\, = Op: A, I out =-100/jA 


B(AS Supply Current (Substrate) V B , AS = Max, I , H = — 300/LtA, l OL =-16mA, 

(One Driver Only) 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS8891 A. 

Note 3. All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to Vqq = 0V, unless other- 
wise noted. All values shown as max or min on absolute value basis. 
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DS8973, DS8975 


3 


National 

Semiconductor 


Display Controllers/Drivers 


DS8973, DS8975 9-Digit LED Drivers 


General Description 


The DS8973 is a 9-digit driver designed to operate from 
3-cell battery supplies. Each driver will sink 100 mA 
to less than 0.7V when driven by only 0.1 mA. Each 
input is blocked by diodes so that the input can be 
driven below ground with virtually no current drain. 
This is especially important in calculator systems em- 
ploying a dc-to-dc converter on the negative side of the 
battery. If the converter were on the positive side of 
the battery, the converter would have to handle all 
of the display current, as well as the MOS calculator 
chip current. But if it is on the negative side, it only 


has to handle the MOS current. The DS8973 is designed 
for the more efficient operating mode. The DS8975 
is identical to the DS8973 but does not specify the 
low battery indicator. 

Features 

■ Nine complete digit drivers 

■ Built-in low battery indicator 

■ High current outputs— 100 mA 

■ Straight through pin out for easy board layout 


Equivalent Circuit Diagrams 


Typical Driver Circuit 
V CC1 



Typical D.P. Out Circuit 



Connection Diagrams 


Dual-In-Line Package 


V CC 1 V B 9 8765 4 32 1 



LOW 9 8 

VOLT v 

IND 


Order Number DS8973N or DS8975N 
See NS Package N22A 
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Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 10V 

Input Voltage 10V 

Output Voltage 10V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation at 25°C 

Molded Package 1673 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

‘Derate molded package 13.39 mW/°C above 25°C. 



MIN 

MAX 

UNITS 

Supply Voltage (Vq) 

3.0 

5.5 

V 

Supply Voltage (Vcci) 

3.0 

9.5 

V 

Temperature IT/\) 

0 

+70 

°c 


Electrical Characteristics 


PARAMETER 

CONDITIONS 

V|H 

Logical "1" Input Voltage 

Vcc = Max 

<IH 

Logical "1" Input Current 

Vcc = Max, V|H = 3.9V 

V|L 

Logical "0" Input Voltage 

Vcc = Max 

• 1 L 

Logical " 0 " Input Current 

Vcc = Max, V| L = 0.5V 

VBH 

High Battery Threshold 

VoT (Pin D = IV, I ot <-50a/A, 
T A = 25°C, V|H (Pin 2) = 3.9V 

DS8973 

VBL 

Low Battery Threshold 

Vot (Pin 1) = 2.1V, lOT^ - ® mA > 
T A =25°C, Vih (Pin 2) = 3.9V 

DS8973 

ICEX 

Logical "1" Output Current 

Vcc = Min, VOH = 9.5V, V|l = 0.5V 

VOL 

Logical "0" Output Voltage 

Vcc = Min, loL ='100 mA, V|H = 3.9V 

•cci 

Supply Current 

Vcc = Max, One Input "ON" 

'B 

Pin 21 (High Battery Supply) 

Vcc = Max, V(3 = Max 


MIN TYP MAX UNITS 



Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2 : Unless otherwise specified, min/max limits apply across the 0°C to +70° C range. All typicals are given for Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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DS8973, DS8975 


Typical Applications 



ALARM 

INDICATOR 


FIGURE 1. 6V Programmable Statistical Calculator 



FIGURE 2. Complete Calculator Schematic For 3-Cell System 
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Driving 7-Segment Gas Discharge 

Display Tubes with 

National Semiconductor Circuits 


INTRODUCTION 

Circuitry for driving high voltage cold cathode 
gas discharge 7-segment displays, such as Sperry 
Information Displays* and Burroughs Panaplex II, 
is greatly simplified by a complete line of mono- 
lithic integrated circuits from National Semicon- 
ductor. These products also make possible reduced 
cost of system implementation. They are: DS8880 
high voltage cathode decoder/driver; DS8884A 
high voltage cathode decoder/driver; DS8885 
MOS to high voltage cathode buffer; DS8889 
low power cathode driver; DS8887 8-digit anode 
driver; DS8980, DS8981 latch/decoder/cathode 
drivers. 

In addition to satisfying all the displays' parameter 
requirements, including high output breakdown 
voltage, these circuits have capability of pro- 
gramming segment current, and providing constant 
current sinking for the display segments. This 
feature alleviates the problem of achieving uni- 
formity of brightness with unregulated display 
anode voltage. The National circuits can drive 
the displays directly. 

Sperry Information Displays* and Burroughs Pan- 
aplex II are used principally in calculators and 
digital instruments. These 7-segment, multi-digit 
displays form characters by passing controlled 
currents through the appropriate anode/segment 
combinations. The cathode in any digit will glow 
when a voltage greater than the ionization voltage 
is applied between it (the cathode) and the anode 
for that digit. In the multiplexed mode of opera- 
tion, a digit position is selected by driving the 
anode for that digit with a positive voltage pulse. 
At the same time, the selected cathode segments 
are driven with a negative current pulse. This 
causes the potential between the anode and the 
selected cathodes to exceed the ionization level, 
causing a visible glow discharge. 

Generally, these displays exhibit the following 
characteristics: low "on" current per segment— 
from 200pA (in DC mode) to 1.2 mA (in multiplex 
mode); high tube anode supply voltage— 180V to 
200V; and moderate ionization voltage— 170V. 
Once the element fires, operating voltage drops 
to approximately 150V and light output becomes 
a direct function of current, which is controlled 
by current limiting or current regulating cathode 
circuits. Current regulation therefore is most 
desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to 
cathode "off” voltage is approximately 100V; 
and maximum "off" cathode leakage is 3pA to 
5/iA. 


Correspondingly, specifications for the cathode 
driver must be complimentary, approximately as 
follows: A high "off" output breakdown voltage 
80V, -minimum; typical "on" output voltage of 
50V; maximum "on" output current of 1.5 mA 
per segment; and maximum "off” leakage current 
of 3pA to 5pA. 

To allow operation without anode voltage regu- 
lation, the cathode driver must be able to sink a 
constant current in each output, with the output 


(a) Cathode Driver Output Characteristic 



0 30 60 90 120 

OUTPUT VOLTAGE (V) 


i On Currents vs Temperature 


TON CURRENT RATIOS 


/- R, -OTEMP. C0EF. 

0.2 mA < l OUT < 1.2 mA 

10 20 30 40 50 60 70 


"on" voltage ranging from 5V to 50V (see Figure 
1). The following is a brief description of the 
circuits now offered by National: 

DS8880 High Voltage Cathode 
Decoder/Driver 

The DS8880 offers 7-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs; and programmable 
output current from 0.2 mA to 1.5 mA. 


*Now called Beckman Displays 
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Application 

The circuit has a built-in BCD decoder and can 
interface directly to Sperry and Panaplex II 
displays, minimizing external components (Figure 
2). The inputs can be driven by TTL or MOS 
outputs difectly. It is optimized for use in systems 
with 5V supplies. 


(MJO - 300 VOCI 



FIGURE 2. DC Operation From TTL 


The DS8880 decoder/driver provides for uncondi- 
tional as well as leading and trailing zero blanking. 
It utilizes negative input voltage clamp diodes. 
Typically, output current varies only 1% for 
output voltage changes of 3V to 50V. Operating 
power supply voltage is 5V. The device can be 
used for multiplexed or DC operation. 


range of from 4.75V to 15.0V. The input fall- 
through latches are enabled by a high logic level 
at the enable input for the DS8980, and by a 
low logic level for the DS8981. 

Available in 18-pin molded dual-in-line packages, 
and guaranteed over the commercial range of 
0°C to +70°C. 

DS8884A High Voltage Cathode Decoder/Driver 

The DS8884A offers 9-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs, programmable from 
0.2 mA to 1.2 mA. It also offers input negative 
and positive voltage clamp diodes for DC restoring, 
and low input load current of -0.25 mA maximum. 

Application 

DS8884A decodes four lines of BCD input and 
drives 7-segment digits of gas-filled displays. There 
are two separate inputs and two additional outputs 
for direct control of decimal point and comma 
cathodes. The inputs can be DC coupled to TTL 
(Figure 3) or MOS outputs (Figure 4), or AC- 
coupled to TTL or MOS outputs (Figure 5) using 
only a capacitor. This means the device is useful 
in application's where level shifting is required. It 
can be used in multiplexed operation, and is 
available in an 18-pin molded DIP package. 

Other advantages of the DS8884A are: typical 
output current variation of 1% for output voltage 
changes of 3V to 50V; and operating power supply 


Available in 16-pin cavity DIP packages, the 
DS7880 is guaranteed over the full military 
operating temperature range of ~55 U C to +125°C; 
the DS8880 in molded DIP over the industrial 
range of 0°C to +70°C. 

DS8980, DS8981 

The DS8980, DS8981 offer 7-segment and decimal 
point outputs with high output breakdown voltage 
of 80V minimum, constant current, programmable 
from 0.1 mA to 4.0 mA and independent of the 
Vcc voltage, latched BCD inputs and decimal 
point input. 

Application 

The circuits have similar applications as DS8880. 
The devices will operate with a power supply 






FIGURE 4. BCD Data Interfacing Directly With MOS Output 
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FIGURE 5. Cathode BCD Data AC Coupled 
From MOS Output 

voltage of 5V. Inputs have pull-up resistors to 
increase noise immunity in AC coupled applications. 

The DS8884A is guaranteed over the 0°C to 
+70°C operating temperature range. 

DS8885 MOS to High Voltage Cathode Buffer 

The DS8885 features seven constant current-sink 
outputs; programmable output current of 0.2 mA 
to 1.5 mA; high output breakdown voltage of 80V 
minimum; and capability for blanking through 
program current input. It operates from a +5V 
supply. 

Application 

DS8885 is best suited for interfacing 7-segment 
fully decoded MOS chips to digit displays. It is 
also useful for driving polarity, overrange, and 
decimal point segments. 

DS8885 has 6 inputs and 7 outputs. Output c is 
decoded internally; the other 6 outputs are directly 
controlled by the 6 corresponding inputs. A typical 
application of this device is interfacing between an 
MOS calculator chip with 7-segment decoded 
outputs (open-drain or push-pull) and Sperry/ 
Panaplex II displays (Figure 6). 


When the DS8885 is used to drive minus and 
plus (polarity) cathodes, overrange, and decimal 
points, output c should be tied to V cc so it does 
not saturate (Figure 7). This leaves 6 inputs and 
6 outputs related one-to-one. The inputs can be 
driven directly from TTL or MOS outputs. 



*0utput may be paralleled for cathodes requiring more current, providing the 
corresponding inputs are also paralleled. 

FIGURE 7. Polarity, Overrange, Decimal Point Driving 

The DS8885 is available in 16-pin molded DIP 
package, and is guaranteed over the operating 
temperature range of 0°C to +70°C. 

DS8889 Low Power Cathode Driver 

The DS8889 requires no power supply since 
power is derived from program current. It offers 
extremely low standby power-only 1 mW inter- 
nally. Features include programmable output cur- 
rents 0.3 mA to 1.7 mA; 8 constant current-sink 
outputs; and input negative voltage clamp diodes 
for DC restoring. Outputs have 80V minimum 
breakdown voltage. 

The device is suitable for multiplexed operation 
from fully decoded chips and is capable of driving 
decimal point segments simultaneously with nu- 
meric segments. 

Application 

The DS8889 has 8 inputs and 8 outputs, and 
interfaces directly between 7-segment decoded 
MOS outputs and numeric display tubes (Figures 
8 and 9). It is optimized for use in systems with a 
limited number of power supplies. 



FIGURE 6. Fully Decoded MOS Cathode Outputs 
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The program input is characterized in terms of 
input current, therefore any supply (greater than 
5V) can provide proper operation by connecting a 
single resistor to the program pin from the supply. 

The DS8889, guaranteed for the 0°C to +70°C 
operating temperature range, is offered in the 18- 
pin molded DIP. 

DS8887 8-Digit Anode Driver 

The DS8887 interfaces directly to MOS chips 
and operates from a —40V to -80V power supply. 


The DS8887 can operate virtually any multiplex 
display system requiring more output performance 
from the MOS chip than is available (Figures 4, 6, 
8 and 9). It has low input current and voltage 
swing requirements but can drive up to 16 mA, 
and exhibits -55V minimum output breakdown 
voltage. 


The DS8887 is available in the 18-pin molded 
DIP package; and is guaranteed over the operating 
temperature range of 0°C to +70°C. 
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NOTE: Capacitive coupling between the logic and the segment drivers may be used only when 
the segment drivers are turned "OFF" during digit-to-digit transitions. 


FIGURE 8. Decoded Cathode Data AC Coupled From MOS Output 
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FIGURE 9. Decoded Cathode Data Direct Coupled From MOS Output 
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Driving 7-Segment 
LED Displays with 
National Semiconductor 
Circuits 


National Semiconductor 
Application Note 99 
Charles Carinalli 
May 1974 


INTRODUCTION 

There are many different information display 
technologies available today, including liquid 
crystals, gas-discharge tubes, fluorescent tubes, 
incandescent lamps, and light emitting diodes 
(LEDs). Each technology has its own particular 
drive requirement. This note will focus on 7- 
segment LED display drive requirements and 
demonstrate that National Semiconductor has 
a full line of display drivers that meet the 
requirements for most any 7-segment LED drive 
application. 

WHY ARE LED DRIVERS NEEDED? 

The purpose of 7-segment LED drivers is to act 
as an interface element between data input and 
the display. This interface is necessary when either 
the input data format or circuitry current capabil- 
ities do not allow direct connection between input 
and display. To satisfy these needs, National's 
7-segment LED drivers are divided into two basic 
categories. 

1. Internally decoded (BCD to 7-segment) 
DM5446A/DM7446A 
DM5447A/DM7447A 
DM 5448/DM 7448 
DM 7856/DM 8856 
DM8857 

DM7858/DM8858 


2. Non-decoding, direct drive (MOS to 7-segment) 
DM75491 DM8864 

DM75492 DM8865 

DM8861 DM8866 

DM8863 

Thus, National has circuits that will drive 7-segment 
LEDs from either fully decoded circuits or from 
non-decoded outputs. 


CONFIGURATIONS AND CONSTRUCTION OF 
7-SEGMENT LEDs 


LEDs are segregated into two groupings with 
regard to construction, see Figure 1. 

Common anode displays are constructed on a 
common substrate which forms the anode of the 
diodes, while each of the seven cathodes are 
bonded out to separate pins. The second type, 
common cathode, has the cathode fabricated on 
a common substrate with the anodes bonded out 
to individual pins. Due to these radically different 
configurations, drive circuits are usually tailored 
in their design for one or the other type. Tailoring 
in this respect means either sinking current (active 
low) or sourcing current (active high) when ref- 
erenced to segment drive. In addition, drive 
requirements are quite variable because of LED 
light intensity requirements as well as digit size 



UK, 


FIGURE 1. 7-Segment LED Construction 
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FIGURE 2. Multi-Digit 7 -Segment LED 



FIGURE 3. A Typical Multiplexing Scheme 


and efficiency. Thus the system designer needs a 
degree of latitude not only with respect to the 
type of display used but also the drive current 
available. 

7-segment LEDs can be purchased in either single 
or multi-digit display packages. Single digit displays 
have individual segment and common pins while 
multi-digits have paralleled segment pins and 
separate digit pins equal to the number of digits 
in the package, see Figure 2. 

Multi : digit displays, due to their configuration, 
must be driven in a multiplex mode of drive, where 
segment drivers are time shared by all the digits. 
This is contrasted to the single digit displays which 


may be driven in either the multiplex or the non- 
multiplex (direct drive) mode. The nonmultiplex 
mode uses separate segment drivers for each digit 
of the display. Multiplex operation has a decided 
cost saving advantage over nonmultiplex operation 
especially when the number of digits being driven 
is large. 

MODES OF 7-SEGMENT LED DRIVE 

In the multiplex mode of drive the LED digits 
in a multi-digit format are driven by a single set 
of segment drivers while each digit is selected by 
its own digit driver. Figure 3 shows the circuitry 
needed to implement a typical six digit multi- 
plexed display. 
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Each digit is selected individually by enabling its 
digit driver whose control is determined by a 
counter or equivalent circuitry operating at some 
clock frequency. Strobed data, by way of the 
counter and multiplex circuitry, is then displayed 
on the selected digit by the single set of segment 
drivers. If the strobe rate is high enough, from 
about 250 to 1,000 Hz depending on external 
conditions, the display will appear flicker free to 
the human eye. The BCD-to-7-segment decoder 
converts BCD data to the desired 7-segment output 
format. 


In summary, LED driver requirements for multi- 
plex or nonmultiplex drive operation require 
either segment, digit or BCD to 7-segment drivers. 
Analysis of the particular system needs with 
regard to the number of digits and relative circuit 
costs should be the determining factor for multi- 
plex or nonmultiplex operation. Circuit require- 
ments for multiplex operation will in general 
require relatively high current capabilities. 


NATIONAL'S 7-SEGMENT LED DRIVERS 


In the multiplex mode each digit has a reduced 
duty cycle and is operated at somewhat higher 
than average or typical dc operating current levels. 
The amount of current will be a function of the 
number of digits, duty cycle, and the type 
and efficiency of the display used. Since currents 
are higher than average so also will be the LED 
brightness due to the nearly linear brightness 
versus current curve for most LEDs. The human 
eye will detect the brightness peaks and through a 
partially integrating and peak detecting action will 
perceive a higher display brightness at some average 
current level in the multiplex mode than the same 
average current in the nonmultiplex (direct drive) 
mode. The result is that a multiplexed display will 
operate at a lower total power than the same 
display operated in the nonmultiplex mode with 
the same apparent brightness. 

In the nonmultiplex mode of 7-segment LED drive 
each digit has its own set of segment drivers 
thereby dropping the digit driver select require- 
ment of multiplexed operation. In this case, the 
common digit pin may be tied to the highest 
potential if common anode or the lowest if 
common cathode. It is evident that in a non- 
multiplexed display the driver package count 
would be high since each digit requires its own 
set of segment and possibly decoder drivers. 
If a large number of digits are used the segment 
driver package count would equal the number of 
digits while in the multiplex mode this count 
is equal to one. Granted, in the multiplex mode 
additional control circuitry is required. Considera- 
tion of the relative cost of this circuitry in 
comparison to the segment decoder driver circuitry 
in the nonmultiplex mode results, in general, in 
the fact that if the number of digits in the display 
equals or is more than four, total package count 
and/or cost is less in the multiplex mode of drive. 


In most MOS circuits multiplex operation is ideal 
since the counter, multiplexer, and BCD to 7- 
segment decoders or equivalent circuitry can 
usually be incorporated on the same chip along 
with calculator, clock or other function. In this 
case the only external interface components 
required would be the digit and segment drivers 
since MOS circuits are generally unable to sink 
or source the higher current required for most 
multiplex operations. 


Table I lists the 7-segment LED drivers available 
from National. Each circuits application is divided 
into groupings with respect to common anode or 
cathode, digit or segment, multiplex or nonmulti- 
plex areas. Additionally, current capabilities are 
also specified for each product. 

From the table it is evident that some of the 
circuits may be used in dual roles — both multiplex 
or nonmultiplex; common cathode or anode. In 
general, what will determine whether one drivers 
application is multiplex or nonmultiplex is that 
drivers current capability. The direction of current 
flow through the driver (source or sink) is the 
determining factor in dual application with regard 
to common anode or cathode. 


Table II lists the operating temperature range and 
package types for the 7-segment LED drivers. 


In the following sections each circuit is described 
in greater detail and typical applications are 
given. 

BCD TO 7-SEGMENT DECODER DRIVERS 

DM5446A/DM7446A, DM5447A/DM7447A, 
DM5448/DM7448 

This family of BCD to 7-segment decoder drivers 
was designed for the most general possible dis- 
play drive applications including display techno- 
logies other than LEDs. The difference between 
the circuits is in their output stage configurations. 
These differences will be discussed separately later. 


The circuits convert the standard 4-bit BCD input 
to the popular 7-segment output format. All 
input BCD codes above 9 are decoded into unique 
patterns that verify operation. The circuits are 
TTL-DTL compatible and operate off of a single 
5.0V supply. 


Added features included in all circuits are a ripple 
blanking input pin as well as a lamp test pin for 
display turn on. In addition the blanking input/ 
ripple blanking output pin may be used to modu- 
late display intensity. 
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TABLE I. National 7-Segment LED Drivers 


DEVICE 

COMMON CATHODE 

I COMMON ANODE 1 

DIGIT 

SEGMENT 

INTERNAL 

CURRENT CAPABILITY 

NUMBER 

Multiplex Nonmultiplex 

Multiplex 

Nonmultiplex 

DRIVER 

DRIVER 

DECODING 

AND FEATURES 

DM6446A/DM7446A 


X 

X 


X 


Up to 40 mA Sink, Open Collector 

DM5447 A/DM7447A 






vv| 

High Breakdown (30/ 15V) 
TTL Input Compatibility 

DM5448/DM7448 

X 

X* 

X’ 


X 

■ 

1.3 mA Source, Adjustable 
Externally, TTL Input 
Compatibility 

DM7856/DM8856 

X 

X* 

X* 


X 

X 

6.0 mA Typical Source, TTL 
Input Compatibility 

DM8857 

X X 




X 

X 

50 mA Typical Source, Exter- 
nally Adjustable, TTL Input 
Compatibility 

DM7858/DM8858 

X X 




X 

X 

Adjustable Source Current 0 to 
50 mA, TTL Input Compatibility 
patibility 

DM75491 

X X 

X 

1 

X 

X 


50 mA Source/Sink, 4 Drivers 
per Package, MOS Input Com- 
patibility 

DM75492 

X 

X 

X 

X 

X** 


250 mA Sink, 6 Drivers per 
Package, MOS lnf!>ut Compatibility 

DM8861 

X X 

fit 

X 

■ 

X 


50 mA Source/Sink, 5 Drivers per 
Package, MOS Input Compatibility 

DM8863 

X 

■ 

X 

■ 

X” 


500 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DM8864 

X 

H 

1 

■ 

X** 


50 mA Sink. 9 Drivers per Package, 
MOS Input Compatibility 

DM8865 

X 


H 

n 

X** 


50 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DM8866 

X 


1 

D 

X" 


50 mA Sink, 7 Drivers per Package. 
MOS Input Compatibility 


•With the use of an external transistor/segment. 
**For common anode LED's. 


TABLE II. Operating Temperature Range and Package Type 


DEVICE 

NUMBER 

OPERATING 
TEMPERATURE RANGE 

NUMBER OF PINS 

PACKAGE TYPE 

0°C to +70° C 

-55°Cto +125°C 

14 

16 

18 

Plastic Molded 
DIP (N) 

Ceramic 
DIP (J) 

Flat Pack 
(W) 

DM5446A, DM5447A 


X 


X 



X 

X 

DM 7446 A, DM7447A 

X 



X 


X 

X 

X 

DM5448 


X 


X 



X 

X 

DM7448 

X 



X 


X 

X 

X 

DM7856 


X 


X 



■ 

X 

DM8856 

X 



X 


X 

•‘!\v ',■ 

X 

DM8857 

X 



X 



;■ 


DM7858 • 


X 


X 



X 

X 

DM8858 

X 



■IS 


X 

X 

X 

DM75491 

X 


X 



X 

X 

X 

DM75492 

X 


X 



X 

X 

X 

DM8861 

X 




X 

X 



DM8863 

X 




X 

X 



DM8865 

X 





X 



DM8866 

X 





X 



DM8864 

X 


j 22 

X 
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FIGURE 4a. Output Stage 


FIGURE 4b. Output Stage 



WHERE V LC0 I® 1,1 IS THE DIOOE HEDI VOLTAGE DROP AT OPE RATING CURRENT I,. 


FIGURE 5. Nonmultiplex Application of the DM7447 A 


DM5446A/DM7446A, DM5447 A/DM7447A 

These circuits feature active-low, open collector 
high current outputs (Figure 4a). Each output is 
capable of sinking up to 40 mA at a maximum 
internal drop of 0.4V. This high current capability 
makes these circuits particularly well suited for 
driving the large MAN-1 or equivalent type displays 
directly. The circuits are also applicable, with or 
without the use of external current limit resistors, 
to driving lower current displays in the multiplex 
mode of drive. 

The DM5446A and DM7446A outputs are capable 
of withstanding 30V at, a maximum leakage of 
250pA over temperature. The DM5447A and 
DM7447A have a 15V output capability at a 
maximum leakage over temperature of 250pA. 
This standoff voltage ability makes the circuits 
applicable for direct drive to indicator lamp type 
displays. Figure 5 shows a typical application of 
the circuits with LEDs. 


Refer to Table II for the operating temperature 
range and package types for the DM5446A/ 
DM7446A and DM5447A/DM7447A. 

DM5448/DM7448 


The DM5448/DM7448 has active high passive 
pull-up outputs (Figure 4b) with a TTL fanout of 
4. The typical output source current is 2.0 mA at 
an output voltage of 0.85V. Each output is 
capable of sinking 6.4 mA with a maximum 
internal drop of 0.4V. Since the output current 
level is low the circuit can be used to drive low 
current common cathode displays operating in the 
nonmultiplex mode. 


The major application of the DM5448/DM7448 
is to drive logic circuits, operate high-voltage 
loads such as electroluminescent displays through 
buffer transistors or SCR switches, or high-current 
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R x MAY BE CALCULATED USING THE FOLLOWING EQUATION 

k!1 [Vl--1.7V.M-*! 
Is -1.6 l s -1.6 l R x £ 6SOI! 


R x - PUIL UP RESISTOR VALUE 


Is - CURRENT PER SEGMENT IN ■> 


FIGURE 6. Nonmultiplex Application of the DM7448 


loads through buffer transistors. Figure 6 shows 
the DM7448 in a low current direct drive LED 
application. 

The operating temperature range and package 
types for the DM5448/DM7448 are given in 
Table II. 

BCD TO 7-SEGMENT LED DRIVERS 
DM7856/DM8856, DM8857, DM7858/DM8858 

This series of three circuits was designed to pro- 
vide a wide range of current capabilities in driving 
common cathode 7-segment LEDs operating in the 
multiplex or nonmultiplex mode. The circuits, 
discussed individually below, have output stages 
with varying source current capability designed 
for specific as well as general applications. 

All circuits accept 4-bit BCD and decode this input 
to the desired 7-segment output format for direct 
drive to LEDs. In addition, the circuits feature a 
lamp test pin for display turn-on check, ripple 
blanking-input pin and blanking input/ripple 
blanking output pin which may be used to 
modulate display intensity. 

The three circuits are TTL-DTL compatible and 
provide full decoding of the 16 possible input 
combinations. All parts operate off of a single 
5.0V supply. 

DM7856/DM8856 

The DM7856/DM8856 output stages, passive- 
pullup (active high, Figure 4b), provide a typical 


source current of 6.0 mA at an output voltage of 
1.7V. This current level was designed for directly 
driving, without the use of external current limit 
resistors, the MAN-4 or equivalent type displays in 
the nonmultiplex mode of operation. 

Each output has a fan-out of 4 and is capable of 
sinking 6.4 mA with a maximum internal drop of 
0.4V making the circuit suitable for use with logic 
circuits. With the use of an external buffer tran- 
sistor per output the circuit may be used to drive 
high current common anode LED displays as well 
as high voltage electroluminescent displays. Figure 
7 shows a typical application of the DM8856. 



FIGURE 7. Nonmultiplex Application of the DM8856 



Operating temperature range and package types 
for the DM7856/DM8856 are given in Table II. 


Table II gives the operating temperature range and 
package type for the DM8857. 


DM7858/DM8858 


The output stages of the DM8857, active pull-up 
(active-high, Figure 4c), source a typical current 


The DM7858/DM8858 output stages are active 
pull-up (active-high, Figure 4d) like those of the 




FIGURE 4c. Output Stage 


FIGURE 4d. Output Stage 


of 50 mA at an output voltage of 2.3V. The 
circuit was designed to be used with MAN-4 or 
equivalent type displays operating in the multiplex 
mode of drive. With this high current capability 
the circuit can drive up to 16 such digits. 

The applications of this circuit obviously are not 
limited to justthe MAN-4 type of display. Common 
cathode displays with high dc current require- 
ments or lower multiplex current levels may be 
driven by this circuit with the use of an external 
current limit resistor per segment. Atypical appli- 
cation of the DM8857 is given in Figure 8. 


DM8857. The output stages are exactly the same 
as the DM8857 except that the internal current 
limit resistor per output has been removed. 
External current limit resistors must then be used. 
This allows the circuit to be customized for a 
particular common cathode multiplex or non- 
multiplex application. Each output stage, through 
its own external resistor, can be programmed to 
some current from 50 mA down to 0 mA. Care 
must be taken in not shorting the outputs to 
ground because of the excessive current flow that 
would result from the Darlington upper stage. See 
Figure 9 for a typical application of the DM8858. 


A B C 0 IT RBI BI/R80 



FDR MULTIPLEX OR NONMULTIPLEX APPLICATIONS WHERE AN EXTERNAL CURRENT 
LIMIT RESISTOR PER SEGMENT IS REQUIRED SEE THE OUTPUT CURRENT VS VOLTAGE 
CURVE FOR THE OM8857 AND USE THE EQUATION GIVEN IN FIGURE 9 TO CALCULATE 
THE RESISTOR VALUE. 


DM8857 Output Current 
vs Voltage 



1.5 2.0 2.5 3.0 3.5 4.0 

Vout (V) 


FIGURE 8. DM8857 Typical Multiplexing Scheme 
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Maximum output source current per segment for 
the DM7858/DM8858 is 50 mA. Operating tem- 
perature range and package types are given in 
Table II. 

Special care must be taken in the use of the 
DM7858 ceramic and the DM8858 plastic DIP's 
with regard to not exceeding the maximum operat- 
ing junction temperature of the devices. The maxi- 
mum junction temperature of the DM7858J is 
150°C and must be derated based on a thermal 
resistance of 80° C/Watt, junction to ambient. The 
maximum junction temperature for the DM8858N 
is 150°C and must be derated based on a thermal 
resistance of 140° C/Watt, junction to ambient. 


low input current, 3.3 mA maximum at 10V 
input, making them suitable for direct drive from 
MOS circuits. The circuits are used to drive the 
paralleled segments in multi-digit displays. Since 
both circuits feature accessable collectors and 
emitters they may be used as either common 
cathode or anode segment drivers. They feature a 
source or sink current capability of up to 50 mA 
with a maximum collector to emitter drop of 
1.5V over the operating temperature range. In 
addition, each output is specified to have a maxi- 
mum leakage of 100pA at an output voltage of 
10V over temperature. Both circuits operate from 
a single supply that can have a maximum voltage 
of 10V. 


DM75491, DM8861 MOS TO LED SEGMENT 
DRIVERS 

The DM75491 and DM8861 were designed for 
MOS calculator applications. Both circuits feature 


DM75491 FOUR SEGMENT DRIVER 

The DM75491 is a four segment driver whose main 
application is with multi-digit LEDs operating in 
the multiplex mode of drive. Each package con- 
tains four separate segment drivers, each driver 


DM8858 Output Current 
vs Voltage 




3.2 3.3 3.4 3.S 3.6 3.7 


I, ■ SEGMENT CURRENT 

V 0 • LED DIODE DROP AT CURRENT I, 


VouT ■ DM8858 OUTPUT VOLTAGE AT CURRENT l s (SEE GRAPH) 


PROM GRAPH IVcc - 5.0V, T. - 25'C) 
Vour • 3 53V (AT 5.0 mAI 


THE SAME EQUATION MAY BE USED WHEN EITHER THE DM7858 OR THE DM8858 ARE 
OPERATING IN THE MULTIPLEX MODE OF 0RIVE. IF THE ADDITIONAL VOLTAGE DROP 
DUE TO THE DIGIT DRIVER IS TAKEN INTO CONSIDERATION THE NEW EQUATION WOULD 
HAVE THE FOLLOWING FORM: 


V 0 „ - DIGIT DRIVER DROP AT CURRENT I, 


FIGURE 9. DM8858 Applications 
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with free collector and emitter points, see Figure 
4e. 



FIGURE 4e. Circuit Schematic 

In the multiplex mode of drive, a six digit calculator 
needs only two DM75491's to drive the segments 
in the display, see Figure 10. The total of eight 
segment drivers allows drive to each of the indi- 
vidual seven segments plus logic control for the 
decimal point. Figure 11 shows the DM75491 
used in an 8 digit calculator application. 

Table II lists the package type and temperature 
range of the DM75491. 


DM8861 FIVE SEGMENT DRIVER 

The DM8861 is a five segment driver which like the 
DM75491 is used with multi-digit LEDs operating 
in the multiplex mode of drive. Each package 
contains five separate drivers, each driver with 
free collector and emitter points. Figure 4e. 


A typical application of the DM8861 is given in 
Figure 11 where the DM8861 is combined with 
the DM75491 to provide a total of nine inde- 
pendent sources of LED segment current from an 
MOS calculator. This allows control of the 7- 
segments plus decimal point and minus sign. This 
combination of circuits is not solely applicable to 
just the 8 digit calculator configuration shown but 
can be used with a display having as many digits 
as desired as long as the multiplexed segment 
current requirement does not exceed 50 mA. 


As with the DM75491, the DM8861 is also appli- 
cable to use with common anode displays as well 
as common cathode since each driver has its 
collector bonded out to a separate pin. 



FIGURE 10. 6-Digit Calculator 
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Refer to Table II for operating temperature range 
and package type for the DM8861. 

DM75492, DM8863 MOS TO LED 
DIGIT DRIVERS 

The DM75492 and DM8863 are digit drivers 
designed to drive multi-digit common cathode 
LEDs directly from MOS circuits. Since digit 
currents are quite high in multiplex operation 
MOS circuits usually cannot sink the required 
digit select current, therefore these circuits pro- 
vide the required current buffering. The two 
circuits have different current handling capability 
as Well as different numbers of drivers per package, 
each will be discussed individually later. 

The circuits are totally compatible for use with 
both the DM75491 and the DM8861. The most 
common usage of the circuits is in MOS calculator 
applications where the DM75491 or the DM8861 
source the segment current and either the DM75492 
or the DM8863 sink the digit current. 

DM75492 SIX DIGIT DRIVER 

The DM75492 is a six digit LED driver designed 
to be used with common cathode multi-digit 


displays operating in the multiplex mode of drive. 

The circuit features six high gain Darlington 
connected transistors, with collectors open and 
emitters tied to ground (Figure 4f), capable of 



FIGURE 4f. Circuit Schematic 


sinking up to 250 mA with a maximum collector 
to ground drop of 1.5V over the operating 
temperature range. Low input current of 3.3 mA 
maximum at 10V makes the drivers suitable for 
direct connection to MOS circuits. Output leakage 
is 200juA maximum at 10V over temperature. 
Maximum V cc is 10V. 



‘SEGMENT CURRENT LIMIT RESISTORS 
“EITHER SINGLE DIGIT, MULTI DIGIT, NSN 33, OR EQUIVALENT 
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In Figure 10 the DM75492 is shown along with 
the DM75491 in a typical six digit calculator 
application. Since the calculator circuit shown is 
operated in the multiplex mode of drive only 
one DM75492 is required, replacing at least six 
transistors and resistors for the equivalent discrete 
circuit. 

The operating temperature range and package 
type for the DM75492 is given in Table II. 


DM8863 EIGHT DIGIT DRIVER 

The DM8863 is an eight digit LED driver designed 
to be used in conjunction with either the DM75491 
and/or the DM8861 in driving eight common 
cathode LED digits operating in the multiplex 
mode of drive. 

This circuit features eight separate high gain 
Darlington connected transistor circuits, see Figure 
4f. Each Darlington transistor pair is capable of 
sinking 500 mA with a maximum collector to 
ground drop of 1.6V. Each collector can withstand 


10V at a maximum leakage of 250£iA in the off 
state. Maximum input current is 2.0 mA at 10V, 
making the circuit particularly well suited for 
direct drive from MOS circuits. 

Figure 11 shows the DM8863 used in a typical 
8-digit calculator application. The important 
feature of the DM8863 is the very high sink 
current capability. This allows multiplex operation 
of large digits or large numbers of digits without 
the use of discrete high current transistors. 

Another application of the DM8863 is shown in 
Figure 12. In this case the DM8863 is used along 
with the MM431 1/MM531 1 series digital clock 
circuits in the implementation of a 6-digit clock 
display. Here the DM8863 is used as a segment 
driver for a common anode display. The use of 
the DM8863 in this manner replaces a total of 
14 resistors and 7 transistors. 

The DM8863 uses a single supply with a maximum 
voltage of 10V. Table II specifies the operating 
temperature range and package type for the 
DM8863. 



R„ - 200. VARIABLE DEPENDING ON DESIRED DISPLAY BRIGHTNESS. 


FIGURE 12. Digital Clock Using DM8863 
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DM8864, DM8865, DM8866 MOS TO 
LED DIGIT DRIVERS 

The DM8864, DM8865, and DM8866 were de- 
signed to drive common cathode nine, eight, and 
seven digit displays respectively. The applications of 
these drivers are similar to those of the DM75492 
and DM8863 except that operating current levels 
are lower. 

All circuits feature maximum input current of 
2.0 mA at a voltage of 6.5V. Output sink capabil- 
ity is 50 mA at a maximum collector to ground 
drop of 1.5V. Output leakage is 40/xA (max) at 
an output voltage of 6.0V. All circuits operate 
from a supply that can vary from 5.0V to 9.5V. 

DM8864 NINE DIGIT DRIVER 

The DM8864 is a nine digit common cathode LED 
driver. Each package contains nine separate digit 
drivers. The circuit also features a "low battery" 
indicator driver which will light a decimal point 
whenever a 9.0V battery drops below 6.5V typical. 

Figure 13 shows the DM8864 in a typical calculator 
drive application. The operating temperature range 


and package type for the DM8864 is given in 
Table II. 

DM8865 EIGHT DIGIT DRIVER 

The DM8865 is an eight digit common cathode 
LED driver. Eight separate drivers are contained 
within each package. As with the DM8864 and 
DM8866 the DM8865 can also be used as a 
segment driver for common anode displays in the 
multiplex or nonmultiplex mode as long as the 
segment current does not exceed 50 mA. 

Table II gives the operating temperature range and 
package type for the DM8865. 

DM8866 SEVEN DIGIT DRIVER 

The DM8866 is a seven digit common cathode 
LED driver. Each package contains seven separate 
digit drivers. Logic is also provided for a "low 
battery" indicator which will detect a 9.0V battery 
drop to below 6.5V typical and drive a decimal 
point. 

Table II lists the package type and temperature 
range of the DM8866. 



FIGURE 13. A Typical Application of the DM8864, Showing a Complete 8-Digit, 
5 Function Calculator with Memory. 
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TEMPERATURE RANGE 


-55°C to + 125 °C 

0°C to + 70 °C 
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— 
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DESCRIPTION 

2-Phase PMOS Clock Driver 
2-Phase PMOS Clock Driver 
2-Phase PMOS Clock Driver 
Quad MOS Clock Driver 
Bubble Memory Sense Amplifier 
Octal TRI-STATE MOS Driver 
Quad TTL-to-MOS Clock Drivers 
Quad TTL-to-MOS Clock Drivers 
Hex TRI-STATE TTL-to-MOS Latch/Drivers 
Hex TRI-STATE TTL-to-MOS Latch/Drivers 
Quad TRI-STATE I/O Registers 
Quad TRI-STATE I/O Registers 
Quad TRI-STATE I/O Registers 
Quad TRI-STATE I/O Registers 
TRI-STATE TTL-to-MOS Multiplexer/Driver 
TRI-STATE TTL-to-MOS Multiplexer/Driver 
Hex TRI-STATE TTL-to-MOS Driver 
Hex TRI-STATE TTL-to-MOS Driver 
Quad High Speed MOS Sense Amplifiers 
Quad High Speed MOS Sense Amplifiers 
Dual Bootstrapped 2-Phase Clock Driver 
Hex TRI-STATE Latch 
Hex MOS Drivers 
Hex MOS Drivers 
Memory Drivers 
Dual TTL-to-MOS Driver 
Dual TTL-to-MOS Driver 
Quad TTL-to-MOS Driver 
Applying Modern Clock Drivers to 
MOS Memories 
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4k & 16k N-CHANNEL MOS MEMORY INTERFACE CIRCUITS 


Page No. 

Device Number and Name 

6-17 

DS3617 

Bubble Memory Sense Amplifier 

6-24 

DS3628 

Octal TRI-STATE® MOS Driver 

6-27 

DS3644, DS3674 
Quad MOS Clock Driver 

6-14 

DS3^45 

Quad MOS Clock Driver 

6-30 

DS3645, DS3675 

Hex TRI-STATE MOS Driver Latch 

6-35 

DS3647, DS3677, DS36147, DS36177 
Quad TRI-STATE MOS Memory I/O Register 

6-41 

DS3648, DS3678 

TRI-STATE MOS Multiplexer/Driver 

6-46 

DS3649, DS3679 

Hex TRI-STATE MOS Driver 

6-59 

DS3685 

Hex TRI-STATE Latch 

6-62 

DS36149, DS36179 
Hex MOS Driver 

6-66 

DS75325 
Memory Driver 

6-73 

DS75361 

Dual TTL-to-MOS Driver 

6-78 

DS75362 

Dual TTL-to-MOS Driver 

6-83 

DS75365 

Quad TTL-to-MOS Driver 

2-5 

DP8303, DP8304B, DP8307, DP8308 
8-Bit Bidirectional Transceiver 

8-11 

DP8216, DP8226 

4-Bit Bidirectional Transceiver 

2-89 

DS8T26, DS8T28 

Quad TRI-STATE Bus Driver 

8-4 

DP8212 

8-Bit Input/Output Port 


Timing 
Data & 
I/O Control 

Drivers 



P -CHANNEL MOS INTERFACE CIRCUITS 

FUNCTION 


TEMPERATURE | 

PAGE NO. 


■ 

— 55°C to +125°C 

Clock Driver 

Dual, 30V, Drive 1000 pF @ 1 MHz 

DS0025C 


6-4 

Clock Driver 

Dual, 20V, Drive 1000 pF @ 5 MHz 

DS0026C 

DS0026 

6-7 

Clock Driver 

Same as DS0026, May Use Pull-Up Resistor 

DS0056C 

DS0056 

6-7 

Clock Driver 

Same as DS0026, May Be Bootstrapped 

DS3671 

DS1671 

6-55 

Differential Sense Amplifier 

Quad TRI-STATE +7 mV Sensitivity 

DS3651 

DS1651 

6-49 

Differential Sense Amplifier 

Quad Open-Collector ±7 mV Sensitivity 

DS3653 

DS1653 

6-49 

Note. Refer to Application Note 76 for additional information on clock drivers. 
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DS0025C Two Phase MOS Clock Driver 


General Description 

The DS0025C is a monolithic, low cost, two phase 
MOS clock driver that is designed to be driven 
by TTL line drivers or buffers such as the DS8830 
or DM7440. Two input coupling capacitors are 
used to perform the level shift from TTL to MOS 
logic levels. Optimum performance in turn-off 
delay and fall time are obtained when the output 
pulse is logically controlled by the input. However, 
output pulse widths may be set by selection of the 
input capacitor eliminating the need for tight 
input pulse control. 


Features 

■ 8-lead TO-5 or 8-lead or 14-lead dual-in-line 
package 

■ High Output Voltage Swings-up to 30V 

■ High Output Current Drive Capability-up to 
1.5A 

■ Rep. Rate: 1 .0 MHz into > 1000 pF 

■ Driven by DS8830, DM7440 

■ "Zero” Quiescent Power 


Connection Diagrams 

Metal Can Package 


Dual-ln-Line Package 



Note: Pin 4 connected to case. 
TOP VIEW 



TOP VIEW 

Order Number DS0025CH Order Number DS0025CN 

See NS Package H08C or DS0025CJ-8 

Typical Application See NS Package N08A or J08A 


Dual-ln-Line Package 

V* NC OUT B NC INB NC NC 
1 14 | 13 1 12 lit 1 10 1 9 jt 


5 OUTPUTS |1 1 2 1 3 |4 1 5 |6 |? 

NC NC OUT A NC IN A NC V 
TOP VIEW 


Order Number DS0025CJ 
See NS Package J14A 



1/2 DS8830 of DM7440 J 


Timing Diagram 



A. Input pulse width 
. clock pulse 
width 



90% 

V, N 

td ON 

j - " Id OFf 




AC Test Circuit 


*oi c 1N 

k 1000 pF 


is selected high speed NPN switching transistor. 







Absolute Maximum Ratings (Note 1 ) 

(V + - V ) Voltage Differential 30V 

Input Current 100 mA 

Peak Output Current 1 ,5A 

Storage Temperature -65°C to +1 50°C 

Operating Temperature 0°C to +85° C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (Notes 2 and 3) See test circuit 


Maximum Power Dissipation* at 25°C 

8-Pin Cavity Package 1150mW 

14-Pin Cavity Package 1410 mW 

Molded Package 1080 mW 

Metal Can (TO-5) Package 670 mW 

‘Derate 8-pin cavity package 7.8 mW/°C above 25°C; derate 
14-pin cavity package 9.5 mW/°C above 25° C; derate molded 
package 8.7 mW/°C above 25° C; derate metal can (TO-5) pack- 
age 4.5 mW/°C above 25°C. 


PARAMETER 


tdoN Turn On Delay Time 


t r i s e Rise Time 


ta off Turn-Off Delay Time 


Pulse Width (50% to 50%) 


Positive Output Voltage Swing 


Negative Output Voltage Swing 


CONDITIONS 


C IN = 0.001/tF, R IN = on, C L = O.OOIjuF 


C IN = O.OOlpF, R in = on, C L = 0.001/jF 


C IN = 0.001/uF, R in = on, C L = O.OOlpF 
(Note 4) 


C, N = 0.001/jF, Rim = on, I (Note 4) 
C L = 0.001/iF 


= o.ooi/iF, Rim = on, 

C L = 0.001/jF (Note 5) 


V|rsi — 0V, Iqut ~ 1 m A 


l|i\i — 10 mA, Iout - 1 mA 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70° C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input pulse width greater than output clock pulse width. 


Typical Performance 

Transient Power vs Rep. Rate 
400 i 1 >• —[ 1 1 1 

C t » 2000 pF 1 I r ' innn ’ f 

I , || C t • 1500 pF Ji - ,000pF 


.5 1.0 1.5 2.0 

PULSE REPETITION RATE (MHz) 


P AC = (V' - V-) 2 f C L 

Maximum Load Capacitance 



0.2 0.4 0.6 0.8 t.O 1.2 t.4 1.6 1.8 2.0 
FREQUENCY (MHz) 

(Pmax) (Ik) - (V* - V') ? (DC) (l pk ) (I,) 
(f)(1k)(V‘-V! 2 ' V*-V- 


DC Power (Pqc) vs Duty Cycle 



10 20 30 40 50 60 70 85 


Output PW Controlled by C | (\j 


200 600 1000 1400 1800 2200 

C, N <PR 

•max = current delivered by driver 


6-5 


DS0025C 


















































Applications Information (Reference AN-76) 


Circuit Operation 

Input current forced into the base of Qi through the 
coupling capacitor C| N causes Q-| to be driven into 
saturation, swinging the output to V” + V CE (sat) + 

^Diode- 

When the input current has decayed, or has been 
switched, such that Q 1 turns off, Q 2 receives base 
drive through R 2 , turning Q 2 on. This supplies 
current to the load and the output swings positive 
toV + -V BE . 

It may be noted that Qi must switch off before 
Q 2 begins to supply current, hence high internal 
transients currents from V - to V + cannot occur. 



FIGURE 1. DS0025 Schematic (One-Half Circuit) 


Fan-Out Calculation 

The drive capability of the DS0025 is a function 
of system requirements, i.e. speed, ambient tem- 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary cal- 


Example Calculation 

How many MM506 shift registers can be driven by 
a DS0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am- 
plitude over the temperature range 0-70°C? 

Power Dissipation: 

At 70°C the DS0025CN can dissipate 870 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2800 pF. 

Average Internal Power: 

Equation (3), gives an average power of 50 mW at 
16V and a 20% duty cycle. 


culations to enable the fan-out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the DS0025 
is given as 1.5A. Average transient current required 
from the driver can be calculated from: 



Typical rise times into 1000 pF load is 25 ns 
For V + - V" = 20V, I = 0.8A. 

Transient Output Power 

The average transient power (P ac ) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (C L ) multiplied by the 
frequency of operation (f). 

P AC = C L x (V + - V - ) 2 x f (2) 

For V + - V" = 20V, f = 1.0 MHz, C L = 1000 pF, 
P AC = 400 mW. 

Internal Power 

“0" State Negligible «3tnW) 

"1" State 

(V + - V - ) 2 

P int = 1 L x Duty Cycle (3) 

= 80 mW for V + - V~ = 20V, DC = 20% 
Package Power Dissipation 

Total average power = transient output power + 
internal power 


For one-half of the DS0025C, 870 mW -r 2 can be 
dissipated. 

435 mW = 50 mW + transient output power 
385 mW = transient output power 

Using equation (2) at 16V, 1 MHz and 350 mW, 
each half of the DS0025CN can drive a 1367 pF 
load. This is less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 1367 pF would prevail. 


From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 
of devices driven is 1367/80 or 17 registers. 
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DS0026, DS0056 5 MHz Two Phase MOS Clock Drivers 

General Description 


DS0026/DS0056 are low cost monolithic high speed 
two phase MOS clock drivers and interface circuits. 
Unique circuit design provides both very high speed 
operation and the ability to drive large capacitive loads. 
The device accepts standard TTL outputs and con- 
verts them to MOS logic levels. They may be driven 
from standard 54/74 series and 54S/74S series gates 
and flip-flops or from drivers such as the DS8830 or 
DM7440. The DS0026 and DS0056 are intended for 
applications in which the output pulse width is logically 
controlled; i.e., the output pulse width is equal to the 
input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system. Information on the correct 
usage of the DS0026 in these as well as other systems is 
included in the application note AN-76. 

The DS0026 and DS0056 are identical except each 
driver in the DS0056 is provided with a V BB connection 
to supply a higher voltage to the output stage. This aids 


in pulling up the output when it is in the high state. An 
external resistor tied between these extra pins and a 
supply higher than V + will cause the output to pull up 
to (V + - 0.1V) in the off state. 

For DS0056 applications, it is required that an external 
resistor be used to prevent damage to the device when 
the driver switches low. A typical V BB connection is 
shown on the next page. 

These devices are available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a half 
watt ceramic DIP, and TO-8 packages. 

Features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing-20V 

■ High output current drive— ±1.5 amps 

■ TTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Drives to 0.4V of GND for RAM address drive 


Connection Diagrams (Top Views) 


TO-5 Package 



□ ual-ln-Line Package 
NC QUIA V* OUT B 



TO-8 Package 


oV- 


© : © *♦ 




Order Number DS0026H Order Number DS0026CJ-8, Order Number DS0026G 
or DS0026CH DS0026CN or DS0026J-8 or DS0026CG 

See NS Package H08C See NS Package J08A or N08A See NS Package G12C 


Dual-ln-Line Package 

NC OUT B NC INB NC NC 



NC NC OUTA NC INA NC V~ 


Order Number DS0026J 
or DS0026CJ 
See NS Package J14A 


TO-5 Package 



Order Number DS0056H 
or DS0056CH 
See NS Package H08C 


Dual-ln-Line Package 

OUTA V + Vbbh OUTB 


Dual-ln-Line Package 



V BB A INA V~ INB 


Order Number DS0056J-8, 
DS0056CJ-8 or DS0056CN 
See NS Package J08A or N08A 


OUT B NC IN B NC NC 



NC V BaA OUTA NC INA NC 
TOP VIEW 

Order Number DS0056J 
or DS0056CJ 
See NS Package J14A 
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DS0026, DS0056 


Absolute Maximum Ratings ( Note 1) 

V + -V _ Differential Voltage 22V 

Input Current 100 mA 

Input Voltage (V| N -V _ ) 5.5V 

Peak Output Current 1.5A 

Maximum Power Dissipation* at 25°C 

Cavity Package (8-Pin) 1 1 50 mW 

Cavity Package (14-Pin) 1380 mW 

Molded Package 1040 mW 

Metal Can (TO-5) Package 660 mW 


Operating Temperature Range 

DS0026, DS0056 -55°C to +1 25° C 

DS0026C, DS0056C 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

’Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 
14-pin cavity package 9.3 mW/°C above 25° C; derate molded 
package 8.4 mW/°C above 25°C; derate metal can (TO-5) pack- 
age 4.4 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 


Logic "1" Input Voltage 


Logic "1” Input Current 


Logic "0" Input Voltage 


Logic "0" Input Current 


Logic "1" Output Voltage 


Logic "0” Output Voltage 


“ON" Supply Current 
(one side on) 


"OFF" Supply Current 


CONDITIONS 



V - V~ = 20V 
V.m -V' = 0V 


Switching Characteristics cr A = 25 °o (Notes 5 and 7) 


PARAMETER 


t OFF Turn-off Delay 


CONDITIONS 



(Figure 1) 


(Figure 2) 


(Figure 1) 


(Figure 2) 


(Figure 1), 
(Note 5) 


(Figure 2), 
(Note 5) 


(Figure 1), 
(Note 5) 


(Figure 2), 
(Note 5) 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for V + - V = 10V to 20V, Ct_ = 1000 pF, over the temperature range of -55°C to +125°C for the DS0026, 
DS0056 and 0°C to +70°C for the DS0026C, DS0056C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: All typical values for the T A = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e„ rise time is transition from logic "0" to logic "1" which is voltage fall. 

Note 6: IgB for DS0056 is approximately (Vgg — V )/1 kfl (for one side) when output is low. 

Note 7: The high current transient (as high as 1.5A) through the resistance of the external interconnecting V — lead during the output transition 
from the high state to the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to 
V is electrically long, or has significant dc resistance, it can subtract from the switching response. 
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Typical V BB Connection 



Typical Performance Characteristics 


Input Current vs Input Voltage 



-1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 


Supply Current vs Temperature 


DUTY CYCLE 
’ 1= 1 MHz 

= 20% _ 

1 

— 

Cl 

u 

- 

u_ 










20V 


— ' 


























v + - 

V* 

17 V 
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TEMPERATURE (°C> 


Turn-On and Turn-Off Delay 
vs Temperature 










l ON 




t0FF 













V CC =20V 
C ipj - C L 1000 pF 

54S00 ON INPUT - 

(FIGURE 2) 

L I I I 

-5D -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Rise Time vs Load 
Capacitance 


FalPTime vs Load 
Capacitance 


[AC TEST CIRCUIT 
(FIGURE 2) 


'AC TEST CIRCUIT 
(FIGURE 2) 


AC TEST CIRCUIT 
(FIGURE 1) 


.AC TEST CIRCUIT. 
(FIGURE 1) 


0 200 400 600 B00 1000 1200 

LOAO CAPACITANCE (pF) 


0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 


Recommended Input Coupling 
Capacitance 



[ PULSE (FIGURE 2 
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D uty Cycle 
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Schematic Diagrams 



1/2 DS0026 


1/2 DS0056 
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AC Test Circuits and Switching Time Waveforms 





— J— {So— 1 — — c L 

I .. 





Typical Applications 


AC Coupled MOS Clock Driver 


DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 


s=d> — i 
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DS0026, DS0056 


Application Hints 

DRIVING THE MM5262 WITH THE 
DS0056 CLOCK DRIVER 

The clock signals for the MM5262 have three require- 
ments which have the potential of generating problems 
for the user. These requirements, high speed, large 
voltage swing and large capacitive loads, combine to 
provide ample opportunity for inductive ringing on clock 
lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recognizing 
the source and potential of these problems early in the 
design of a memory system is the most critical step. 
The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered as a transmission 
line with distributed inductance and capacitance. To 
see how much ringing can be tolerated we must examine 
the clock voltage specification. Figure 6 shows the clock 



FIGURE 6. Clock Waveform 


specification, in diagram form, with idealized ringing 
sketched in. The ringing of the clock about the V ss level 
is particularly critical. If the V ss - 1 V D h is not main- 
tained, at all times, the information stored in the memory 
could be altered. Referring to Figure 1 , if the threshold 
voltage of a transistor were -1.3V, the clock going to 
V ss - 1 would mean that all the devices, whose gates 
are tied to that clock, would be only 300 mV from 
turning on. The internal circuitry needs this noise 
margin and from the functional description of the RAM 
it is easy to see that turning a clock on at the wrong 
time can have disastrous results. 

Controlling the clock ringing is particulary difficult 
because of the relative magnitude of the allowable 
ringing, compared to the magnitude of the transition. 
In this case it is IV out of 20V or only 5%. Ringing 
can be controlled by damping the clock driver and 
minimizing the line inductance. 

Damping the clock driver by placing a resistance in 
series with its output is effective, but there is a limit 
since it also slows down the rise and fall time of the 
clock signal. Because the typical clock driver can be 
much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the 
minimum rise and fall time. This is very important 
because the faster the rise and fall times, the worse the 
ringing problem becomes. The size of the damping 
resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. 
In practice a resistance of 10 ohms to 20 ohms is usually 
optimum. 


Limiting the inductance of the clock lines can be 
accomplished by minimizing their length and by laying 
out the lines such that the return current is closely 
coupled to the clock lines. When minimizing the length 
of clock lines it is important to minimize the distance 
from the clock driver output to the furthest point 
being driven. Because of this, memory boards are 
usually designed with clock drivers in the center of 
the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines 
sandwiched between the V DD and V ss power plains 
minimizes the inductance of the clock lines. It also 
serves the function of preventing the clocks from coupling 
noise into input and output lines. Unfortunately multi- 
layer printed circuit boards are more expensive than 
two sided boards. The user must make the decision as 
to the necessity of multilayer boards. Suffice it to say 
here, that reliable memory boards can be designed using 
two sided printed circuit boards. 

The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. 
This device is designed specifically for use with dynamic 
circuits using a substrate, V BB , supply. Typically it will 
drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 



In the case of the MM5262, V + is a +5V and V BB is 
+8.5V. V BB should be connected to the V BB pin 
shown in Figure 7 through a 1 k£2 resistor. This allows 
transistor Q4 to saturate, pulling the output to within a 
V ce (sat) of the V + supply. This is critical because as 
was shown before, the V ss — 1.0V clock level must not 
be exceeded at any time. Without the V BB pull up on 
the base of Q4 the output at best will be 0.6V below 
the V + supply and can be IV below the V + supply 
reducing the noise margin or this line to zero. 
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Application Hints (Continued) 


Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pF capacitor with 20 ns 
rise and fall time. 


inductance, L, is also shown. Let us assume, for the sake 
of argument, that C c is 1 pF and that the rise time of 
the clock is high enough to completely isolate the clock 
tranisent from the 7404 because of the inductance, L. 





FIGURE 8. Clock Waveforms (Voltage and Current) 


As can be seen the current is significant. This current 
flows in the V DD and V ss power lines. Any significant 
inductance in the lines will produce large voltage 
transients on the power supplies, A bypass capacitor, 
as close as possible to the clock driver, is helpful in 
minimizing this problem. This bypass is most effective 
when connected between the V ss and V DD supplies. A 
bypass capacitor for each DS0056 is recommended. 
The size of the bypass capacitor depends on the amount 
of capacitance being driven. Using a low inductance 
capacitor, such as a ceramic or silver mica, is most 
effective. Another helpful technique is to run the V DD 
and V ss lines, to the clock driver, adjacent to each 
other. This tends to reduce the lines inductance and 
therefore the magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed 
out that the DS0056 is a relatively low input impedance 
device. It is possible to couple current noise into the 
input without seeing a significant voltage. Since this 
noise is difficult to detect with an oscilloscope it is 
often overlooked. 

Lastly, the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, C c , to eight data input 
lines being driven by a 7404. A parasitic lumped line 



FIGURE 9. Clock Coupling 


With a clock transition of 20V the magnitude of the 
voltage generated across C L is: 


(— ) = o.: 

\56+1/ 


This has been a hypothetical example to emphasize 
that with 20V low rise/fall time transitions, parasitic 
elements can not be neglected. In this example, 1 pF 
of parasitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.3V of noise margin in the "1" state at 25°C. 
Of course it is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need 
to minimize inductance in input/output as well as 
clock lines. 


The output is current, so it is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The current would be: 

AV 1 x 10' 12 x 20 

I = C c x — = — = 1 mA 

At 20 x 10’ 9 

This exceeds the total output current swing so it is 
obviously significant. 

Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or run- 
ning clock lines at right angles to input/output lines. 
All of these techniques tend to minimize parasitic 
coupling capacitance from the clocks to the signals in 
question. 

In considering clock coupling it is also important to 
have a detailed knowledge of the functional characteristics 
of the device being used. As an example, for the MM5262, 
coupling noise from the 02 clock to the address lines 
is of no particular consequence. On the other hand the 
address inputs will be sensitive to noise coupled from 
01 clock. 
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Memory Support 


DS3245 Quad MOS Clock Driver 

General Description Features 


The DS3245 is a quad bipolar-to-MOS clock driver with . 
TTL compatible inputs. It is designed to provide high 
output current and voltage capabilities necessary for 
optimum driving of high capacitance N-channel MOS 
memory systems. 

Only 2 supplies, 5 Vqq and 12 N/qC- are required with- 
out compromising the usual high Voh specification 
obtained by circuits using a third supply. 

The device features 2 common enable inputs, a refresh 
input, and a clock control input for simplified system 
designs. The circuit was designed for driving highly 
capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs, thereby minimizing input loading. 


■ TTL compatible inputs 

■ Operates from 2 standard supplies: 5 Vqc> 1 2 Vqc 

■ Internal bootstrap circuit eliminates need for external 
PNP's 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function equivalent to Intel 3245 
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Absolute Maximum Ratings (Note 1) 


Temperature Under Bias 
Storage Temperature 
Supply Voltage, Vcc 
Supply Voltage, Vqd 
A ll Input Voltages 
Outputs for Clock Driver 
Maximum Power Dissipation at 25°C 
Cavity Package 
Molded Package 


-10 C to +85 C 
-65°C to +150°C 
-0.5 to +7V 
-0.5 to +14V 
-1.0 to Vqd 
-1.0 to Vqd +1 V 

1509 mW 
1476 mW 


Derate cavity package 10.1 mW/°C above 25° C; derate molded package 11 .8 mW/°C 
above 25° C. 


Electrical Characteristics ta = o°c to +75°c, v C c = sv ± 5 %, vdd = 12 V ± 5 % 


CONDITIONS 


Vf = 0.45V 


Vf = 0.45V 


Vr = 5V 


Vr = 5V 


lOL = 5 mA, V|H = 2V 


Iql = mA 


•OH = “1 mA, V|L = 0.8V Vdd~0.50 


• OH = 5 mA 


PARAMETER 

IFD 

Select Input Load Current 

•FE 

Enable Input Load Current 

IRD 

Select Input Leakage Current 

• re 

Enable Input Leakage Current 

VOL 

Output Low Voltage 

VOH 

Output High Voltage 

V|L 

Input Low Voltage, All Inputs 

V|H 

Input High Voltage, All Inputs 

V CLAMP 

Input Clamp Voltage 



Vcc = Min, l|N = “12 mA 



Power Supply Current Drain 


PARAMETER 

CONDITIONS 

•cc 

Current from Vcc 
Output in High State 

Vcc = 5.25V, 

Vdd - 12 . 6 V 

•dd 

Current from Vqq 
O utput in High State 

Vcc = 5.25V, 
Vqd = 12 . 6 V 

•cc 

Current from Vqc 
O utput in Low State 

Vcc = 5.25V, 
v D d = 12 . 6 V 

•dd 

Current from Vqq 
O utput in Low State 

Vcc = 5.25V, 
Vdd = 12 . 6 V 



TYP 

MAX 

UNITS 

26 

34 

mA 

23 

30 

mA 

29 

39 

mA 

13 

19 

mA 


Note 1 : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. v 
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Switching Characteristics t a = o°c to +75°c, v C c = 5v ±5%, v DD = 1 2v ±5% 


PARAMETER 

CONDITIONS 

t_+ 

Input to Output Delay 

RSERIES = 0 

t DR 

Delay Plus Rise Time 

Rseries = 0 

t+_ 

Input to Output Delay 

Rseries = 0 

tDF 

Delay Plus Fall Time 

Rseries = 0 

tT 

Output Transition Time 

Rseries = 2on 

tDR 

Delay Plus Rise Time 

Rseries = son 

tDF 

Delay Plus Fall Time 

Rseries = 2on 


MIN TYP MAX 

(Note 3) (Notes 4, 6) (Note 5) 



Capacitance t a = 25°c (Note 7 » 



PARAMETER 

ClN 

Input Capacitance, 1 -| , 1 2 , 1 3 , I 4 

ClN 

Input Capacitance, R, C, El, E2 


CONDITIONS 



TYP 

MAX 

UNITS 

5 

8 

pF 

8 

12 

PF 


Note 3: C|_ = 150 pF 

Note 4: C|_ = 200 pF 1 These values represent a range of total stray plus clock capacitance for nine 4k RAMs. 

Note 5: C|_ = 250 pF 

Note 6: Typical values are measured at 25°C. 

Note 7: This parameter is periodically sampled and is not 100% tested. Condition of measurement is f — 1 MHz, V B | A g = 2V, Vqc = 0V, and 
T A = 25° C. 


AC Test Circuit and Switching Time Waveforms 

I 1 r SER1ES 


Input pulse amplitudes: 3V 
Input pulse rise and fall times: 

5 ns between IV and 2V 
Measurement points: see waveforms 
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V/r\ National Men: 

JlA Semiconductor 

DS1617/DS3617 Bubble Memory Sense Amplifier 

General Description Features 


Memory Support 


The DS1617 and the DS3617 are bubble memory sense 
amplifiers that convert low level signals from magneto-re- 
sistive detectors of the bubble memory into TTL compat- 
ible output levels. Internal functions consist of an input 
bias circuit, an internally AC coupled amplifier, a high 
speed precision comparator, two flip-flops, a TRI-STATE' 1 
output stage and a power fail detector. 

TTL compatible control inputs allow either average-to- 
peak or the conventional clamp and strobe (peak-to-peak) 
sensing of the input signal. The threshold voltage and the 
input bias voltage are externally adjustable allowing com- 
patibility with different types of bubble memories. 

Although specifically designed for bubble memory inter- 
facing, they are easily adaptable for any application re- 
quiring detection of mV level signals in the 25 kHz to 4 MHz 
range. Typical application areas include fiber optic 
receivers, plated wire memory sense amplifiers and pulse 
discriminators. 


■ Single 12V or 12V/5V operation 

■ On-chip adjustable detector bias circuit 

■ Choice of average-to-peak or clamp and strobe sensing 

■ Guaranteed tight threshold limits over the specified 
temperature and supply voltage range 

■ Threshold externally adjustable over 0 mV to 20 mV 
range (typical) 

■ On-chip reference for a 3.2 mV threshold (typical) 

■ TRI-STATE output 

■ No offset nulling requirement due to on-chip AC cou- 
pling at the input 

■ Power fail detector with adjustable trip level senses 
both supplies 

■ Compatible with a wide range of bubble memories 

■ Standard 16-pin dual-in-line package 
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DS1617/DS3617 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Order Number DS1617J, 

DS3617J or DS3617N 
See NS Package J16A or N16A 

Functional Pin Description 

ANALOG INPUTS 

Differential Analog Inputs (IN + and IN - ): These are high 
impedance inputs for bubble memory detectors. They also 
provide the bias current to the detectors at a constant DC 
voltage. The sense-amp threshold is positive with respect 
to the IN + input. 

Bias Voltage Input (V B ): When an external DC voltage (be- 
tween 4V and 8V) is applied to this input, the internal error 
amplifier will adjust the bias current sources to maintain 
the average common-mode voltage of IN + and IN - in- 
puts at this value. This input can be connected to V DD to 
obtain an internally set bias voltage of 7V typical. This 
voltage is derived on-chip from a resistor divider con- 
nected across the V DD supply. 

Threshold Adjust Input (V T ): An externally applied DC 
voltage in the range of OV to 10V at this Input will set the 
threshold of the sense-amplifier in the 0 mV to 20 mV 
range. The threshold is linearly related to this voltage. 

Power Fail Adjust Input (PFA): The trip voltage of 5V and 
12V supplies can be set to a fraction of their nominal 
values by applying an external reference voltage to this in- 
put (see graph). When precise power fail detection is not 
required this input may be grounded to obtain a trip 
voltage between 35% and 65% of the nominal supply 
levels (i.e., 5V and 12V). 

ANALOG OUTPUTS 

Buffered Bubble Signal Output (BUF + ): This is the 
preamplifier output which is in phase with the IN + input. 


It provides an amplified version of the input differential 
signal (X25) at a low impedance for monitoring purposes. 

Internal Reference for V T (V REF ): This output, when con- 
nected to V T input, provides a threshold of 3.2 mV typical. 
This voltage is derived on the chip from a potential divider 
connected across the V DD supply. When V B is also derived 
in the same fashion, the threshold will track the amplitude 
variations of the bubble signal resulting from the V DD sup- 
ply variations. 

DIGITAL INPUTS \ 

Unclamp Input (UC): A logic low level on this input causes 
clamping of the differential inputs of the comparator to a 
common voltage. When a logic high level is applied, the in- 
puts are unclamped within a few nanoseconds (5 ns typ). 
The capacitive coupling of the preamplifier outputs to the 
inputs of the comparator enables referencing of the 
threshold to any point on the input waveform by using this 
input. This pin is shorted to V cc or V DD when the average- 
to-peak sensing method is used. 

Strobe Input (ST): A high-to-low transition of this input 
causes the transfer of data from an internal latch to the 
output flip-flop. As long as this input is low the internal 
latch cannot be set by the comparator. For clamp and 
strobe sensing, this input can be tied to the unclamp input 
and used as a single UC/ST control line. 

Output Disable (OD): A logic high level at this input 
causes the data output to go into the high impedance 
state (TRI-STATE). 

Standby Input (SB): When the sense-amp is not in use this 
input can be used to reduce power consumption. A logic 
high level applied to this input puts the sense-amp in 
standby mode and TRI-STATEs the data output pin. The 
power fail detector circuit is not affected by this input. 

DIGITAL OUTPUTS 

Data Output (OUT): This output is high for signals cross- 
ing the threshold and low for those below the threshold. 
The data on this pin is valid a short time after the negative 
transition of the strobe signal and will remain valid until 
the next negative transition of the strobe signal. 

Power Fail Detect Output (NPF): This output goes low 
when either one or both of the supplies fall below the trip 
voltage. It will remain low until both of the supplies fall 
below a minimum level which is 4V for V DD and 2.8V for 
V cc . It is an open collector output with an internal pull-up 
of 5 kS7 (typical). The circuit is insensitive to transients on 
the supplies and will typically reject a 500 ns pulse that 
goes IV below the trip voltage. 

POWER SUPPLIES 

Analog Supply (V DD ): 12V. 

Digital Supply (V cc ): 5V to 12V. This supply is internally 
regulated to 4.5V and hence can be tied to V DD for single 
supply operation, but a standard 5V logic supply reduces 
power consumption and also permits power fail detection 
of the 5V supply. 
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Absolute Maximum Ratings (Note i) Recommended Operating Conditions 


Supply Voltages (V DD ,V CC ) 

14V 


Min 

Max 

Units 

Input Voltages 


Vqd Supply Voltage 




Sense lnputs(IN .IN ) 

14V 

DS1617 

10.8 ' 

13 2 

V 

Vj input 

14V 

DS3617 

11.4 

12.6 

V 

v BIAS ln P u UVe) 

14V 

Vcc Supply Voltage 




Control lnputs(UN,ST,OD,SB) 

14V 

DS1617 

4.5 

13.2 

V 

PFA Input 

5.5V 

DS3617 

4.75 

12.6 

V 

Output Voltage 

5.5V 

Temperature (T A ) 




Storage Temperature 

-65°Cto + 150°C 

DS1617 

-55 

125 

°c 

Maximum Power Dissipation' at 25°C 


DS3617 

0 

70 

°c 

Cavity Package 

1635 mW 

PFA Input Voltage 

0 

1.5 

V 

Molded Package 

1687 mW 

V BIAS ln P ut Voltage (V B ) 

0 

13.2 

V 

Lead Temperature (Soldering, 10 seconds) 

300°C 

Vj Input Voltage (Vj) 

-0.25 

10 

V 


(Threshold Adjust) 

* Derate cavity package 10.9 rnWCC above 25’C; derate molded pack- Sense | npu , Common-Mode 4 8 V 

age 13.5 mW/°C above 25°C. Voltage (Vqm) 


Input Bias Current (lg) 0.1 10 mA 

(Into IN + and IN " Inputs) 

DC Electrical Characteristics (Notes 2 and 3) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ANALOG INPUTS AND OUTPUTS 

V 10 Input Bias Voltage 

(at IN + and IN" Inputs) 

Internal (Note 4) l B in mA 

Typ -0.15 

0.588 V DD + 
0.01 l B 

Typ +0.15 

V 

External (Note 5) l B in mA 

TJ 

1 

O 

Vb + 0.01 I b 

Typ +0.1 

AVib (temp) Input Bias Voltage 

Variation with Temperature 
(IN + and IN - Inputs) 

I b = 5 mA 





— 55°C<T A < 125°C (DS1617) 


±10 


mV 

0°C<T a <70°C (DS3617) 


±5 


mV 

Ivt Input Current for Vp Input 

V T = 0V to 5V 


-1 

-10 

/‘A 

Ivb Input Current for V B Input 

V B = 4V to 8V 


-2 

-10 

A A 

V REF Internal Reference Voltage 


0.98 Typ 

0.125 V DD 

1.02 Typ 

V 

AV tp (temp) Temperature Variation of 
(Vcc. v dd) P° wer Fail Threshold 

Set by V PFA (See Graphs) 





- 55°C < T A < 125°C (DS1617) 




% 

0°C<T a <70°C (DS3617) 




% 


DIGITAL OUTPUTS (OUT, NPF) 


V OH 

Logical “1” Output Voltage 

OUT 

■ 

OD = 0.8V, SB = 0.8V, 
Ioh - - 400 pA 

2.4 



NPF 

Ioh = — 100 pA 

2.4 

Vol 

Logical “0” Output Voltage 

OUT 

OD = 0.8V, SB = 0.8V, l 0L = 10 mA 




NPF 

V cc = 4V, V DD = 10V, V PFA = 1.5V, 
Iol = 5 mA 


!os 

Output Short Circuit Current 


Vo = 0V, Vcc = Vdd = Max 




OUT 

OD = 0.8V, SB = 0.8V 

- 10 



NPF 

Vp FA - ov 

-0.5 

loo 

TRI-STATE Output Current 

OUT Only 

OD = 2.0V, SB = 0.8V or 

V 0 = 0.4V 




OD = 0.8V, SB = 2.0V 

V 0 = 4.0 V 


Ips 

Output Sink Current on NPF 
Output During Power Fail 


V 0 = 0.5V, V PFA = 1.5V 

> > 
o 

II II 

O Q 
O Q 

> > 

1 




V cc = 2.8V 

v DD = ov 

1 

CONTROL INPUTS (UC, ST, OD, SB) 

V| H 

Logical “1" Input Voltage 



2 


V| L Logical “0” Input Voltage 


2.8 

U 






ih Logical “1” Input Current 

[<c 

1 z 
11 

i 

1 < 

il Logical “0” Input Current 

V| N = 0.4V 


I 



POWER SUPPLY CURRENTS 


•dda 

Active Vdd Supply Current 

SB = 0.8V 


25 

45 

•CCA 

Active V C c Supply Current 

SB = 0.8V 


10 

20 

'dds 

Standby V D0 Supply Current 

SB = 2.0V 


12 

25 

lees 

Standby V C c Supply Current 

SB = 2.0 V 


2 

4 
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DS1617/DS3617 


AC Electrical Characteristics (Note 2) 


Parameter 


SENSE INPUT CHARACTERISTICS 


Vth 

Differential Input 
Threshold Voltage 

Vtr 

Threshold Adjustment 
Range 

f BW 

Preamp Bandwidth 

Rin 

Differential Input 
Resistance 

Qn 

Differential Input 
Capacitance 

AVyH(temp) 

Threshold Variation with 
Temperature 

Tpc 

Effective Time Constant 
of Preamp AC Couplings 

Tcl 

Clamp Circuit Time 
Constant 


TIMING REQUIREMENTS 


SWITCHING CHARACTERISTICS 


t P ST Input Low to Valid 

Data at the Output 


TRI STATE DELAYS FROM OD TO OUT 


V b = 7V 

See Figure 5 for Test Waveforms 



0.97 x Typ 0.00213 x V T 
-0.0005 


0 to 8 -0.5 to 20 


-0.5 to 20 


:3dB, V e = 7V, -55°C<Ta<125°C 


: 0.1 dB, Vg = 7V, -55°C<T A <125°C 



V do = 12V 


- 55°C<T < 125°C (DS1617) 


0°C<T <70°C (DS3617) 


(From Sense Input to Comparator 
Inputs) UC = 3V 


(Time Constant Associated with the 
Comparator Inputs when UC = 3V) 



Delay Time, UC or ST 
Input High to Sense Input 
High 

U 

Data Set-Up Time, Sense 
Input High to UC or ST 
Input Low 

tpwi 

Minimum Input Pulse 
Width at Threshold 

tpws 

Minimum Strobe Pulse 
Width 

*ON 

Power-Up Time from SB 
Low to Full Operation 

toFF 

Power-Down Time from 
SB High to Reduced 
Power 



Figure 2 





Figures 1 and 3, OD = 0.8V, 
C l = 30 pF, R1 =5k, R2 = Ik 


t L2 

Output Low to TRI-STATE 


«hz 

Output High to TRI- 



STATE 

Figures 1 and 4 

<ZL 

Output TRI-STATE to 

C L = 15 pF, R1 = Ik, 


Active Low 

R2 = Ik 

»ZH 

Output TRI-STATE to 
Active High 



Max Units 


1.03 x Typ 
+ 0.0005 




30 

50 

ns 


15 

35 

ns 

15 

35 

ns 

15 

40 

ns 

15 

40 

ns 


Note 1: "Absolute maximum ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
devices should be operated at these limits. The tables of "Electrical Characteristics” and "Recommended Operating Conditions” provide conditions for ac- 
tual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the supply and temperature range listed in the table of "Recommended Operating Condi- 
tions”. All typical values are for Vqc = 12V, Vqq = 5V and T^ = 25°C unless otherwise specified. 

Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless otherwise specified. 
Note 4: Vg pin tied to Vgg. 

Note 5: Vg pin connected to the external bias voltage. 
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Example Threshold Calculations 


1. Find external voltage V T to be applied for a 5 mV typical 
threshold. What is this tolerance of this threshold? 

V TH (typ) = 0.00213 x V T = 0.005V 
Therefore, V T = 0.005/0.00213 = 2.347V 
V TH (min) = 0.97 x 0.005 -0.0005 = 4.35 mV 
V TH (max) = 1.03 x 0.005 + 0.0005 = 5.65 mV 
Hence, V TH = 5 ± 0.65 mV 
and Tolerance = ± 0.65 mV 

2. Find V TH and its tolerance for V DD = 12V when internal 
reference (V REF ) is used for V T . 

V T (typ) = V REF (typ) = 0.125 X V 0D = 1.5V 
V T (min) = V REF (min) = 0.98 x 1.5 = 1.47V 


V T (max) = V REF (max) = 1.02 x 1.5 = 1.53V 
V TH (typ) = 0.00213 x V T (typ) = 3.20 mV 
V TH (min) = 0.97 x 0.00213 x V T (min) - 0.0005 = 2.54 mV 
V TH (max) = 1.03 x 0.00213 x V T (max) + 0.0005 = 3.86 mV 
Hence, V TH = 3.20 ± 0.66 mV 


Note. Since V REF is directly related to V DD , the V TH will 
follow the supply variations. But as long as the input bias 
voltage V B is also derived in the same way (i.e., using a 
potential divider across V DD ), the threshold will track the 
amplitude changes in the bubble detector signal resulting 
from the V DD supply variations. 


Performance Characteristics 


Threshold Transfer Function 
at Various Temperatures 



-1 0123456789 10 
Vt-INPUT VOLTAGE (V) 


Threshold Transfer Function 
at Various Supply Voltages 



-1 0123456789 10 
Vt-INPUT VOLTAGE (V) 


Power Fail Trip Voltage 
Transfer Function for V DD 


— 90 

aj > 

< ~ 


1.0 1.1 1.2 1.3 1.4 

PFA INPUT VOLTAGE (V) 


Power Fail Trip Voltage 
Transfer Function for V cc 



100 


95 



LU 

90 



o 11 
§ * 

85 



ec *“ 

H- 

80 

o 


> 

75 


70 


» Mi 

riwmmmmmmm 


1.0 1.1 1.2 1.3 1.4 1.5 

PFA INPUT VOLTAGE (V) 
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DS1617/DS3617 


AC Test Circuit and Switching Time Waveforms 


^O— WvJ 


V ALL DIODES 

C L INCLUDES I £R1 ▼ lN9160R 

PROBE AND JIG / ^ T «v 5 1N30E4 

CAPACITANCE I I 


O^O-j 


DIFFERENTIAL 2 V ™ 
INPUT 
(IN+-IN-) 


UNCLAMP 

INPUT 1.5 V 

<UC) „„ > 


STROBE 3V 
INPUT 
(ST) Dv 




FIGURE 1. Output Load Circuit 


t r = t|<10 ns, 10% to90% 

FIGURE 2. Delay, Set-Up and Hold Times 


OUTPUT SI AND S2 CLOSED 1.5V j 


t r ■ tf < 1 0 ns 
10% TO 90% 


FIGURE 3. Propagation Delay from 
Strobe Input to Output 


3V 

uuirui 

DISABLE a 

INPUT Qv 

‘f «r~ 

K 5 ! / 


'ZL 

<LZ- 

WAVEFORM 1 


„1 5V SI CLOSED 

(SEE NOTE) 


(V S2 OPEN 


•ZHl 

*. 

WAVEFORM 2 

. 

SI OPEN 

(SEE NOTE) 

> 

^ 1-SV - S2 CLOSED 



*HZ- 


t r = tf < 10 ns 
10% TO 90% 

Note. Waveform 1 shows the output with internal conditions such that the output is 
low except when disabled by the output disable input. Waveform 2 shows the output 
with internal conditions such that the output is high except when disabled by the 
output disable input. 

FIGURE 4. Propagation Delay from Output Disable to Output 


DIFFERENTIAL V IN 
INPUT 
(IN + -IN-) 


-(SEE NOTE) -y 

V TH/2/p r 



t r = tfs10 ns, 10% to 90% 

Note. To determine the sense amplifier threshold, the input signal amplitude, Vjfg, is 
varied around the set threshold value, Vjh, while monitoring the OUT pin on a scope. 
When V|N is close to the threshold, the output will switch between Logic 0 and 
Logic 1 due to the noise on the input signal. The mid value of the threshold can be 
determined by adjusting V|n to obtain equal brightness of high (Voh) and low (VOL) 
level output traces on the scope. In the above set-up, the signal is strobed after a 
300 ns delay to allow for any overshoot or transients to settle. This method results in 
accurate threshold measurement that is relatively independent of input signal rise 
time. But due to AC coupling of the preamp, with an effective time constant of 6 ^s, 
the signal at the input of the comparator droops by 5% in 300 ns, which has to be ac- 
counted for. Hence, VfH = V|n x 0.95. 


FIGURE 5. Sense Input Threshold Measurement 
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Typical Applications 


Bubble Memory Sense Amplifier with Adjustable Threshold and Bias Voltage 

V DD V CC 

BUBBLE (12V) (5V) 

MEMORY n n 

I I _L ,!£ . 


. S DETECTOR > I 
I > RESISTORS S I 

l! JJ 


~~ ' 0.01 
X V DD (12V| 

100k L 

THRESHOLD 
ADJUST < 


V DD 

(12V) 

V CC 

(5V) 


ll 

T 


| T 0.1 pF I 0-1 pF 


L 

fiHfi 


V DD 

v cc 

PFA 

- IN + 


SB 

- IN" 

DS1617/DS3617 

OUT 

- v B 


OD 

v T 

UC ST GND 

NPF 


, POWER FAIL 
, TRIP VOLTAGE 
■ ADJUST 


SBL4— STANDBY 
I ^ DATA 


— 0.01 pF 6 
'~J UNCLAMP/STROBE 


J Lsignal 

~ ” window 


Note. The control inputs are set up for clamp-strobe or peak-to-peak sensing 
‘Optional band limiting capacitor 


Bubble Memory Sense Amplifier with Internally Set 
Threshold (3 mV typ) and Input Bias Voltage (7 V typ) 


A General Purpose Precision Sense Amplif ier with the 
Threshold Controlled by an External Reference 


BUBBLE , 

MEMORY ' 

I 71 


I < DETECTOR < I 

I S RESISTORS < I 

II Sj 


V D d 02V)O j 


V 0D 

V CC 

SB 

IN + 


OUT 

IN- 

DS1E17/DS3617 


VB 


00 

v t 

VreF UC ST 

GND 


Vqd V CC v B 


„ I ^ DATA 

0UT I * OUTPUT 


DS1617/DS3617 q D L OUTPUT 

UU P DISABLE 


NPF I ► POWER FAIL 

V T PFA GND UC ST 


. 0.01/jF STROBE 


Note. The control inputs are set up for average-to-peak sensing 
‘Optional band limiting capacitor 


CLAMP AND 
STROBE 

0.01 pF SENSING 


LM1Z9 S 47k 

| | THRESHOLD 

I ADJUSTMENT 


1 I SIGNAL 
i V WINDOW 
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DS1628/DS3628 


National 

Semiconductor 


Memory Support 


DS1628/DS3628 Octal TRI-STATE® MOS Drivers 

General Description Features 


The DS1628/DS3628 are octal Schottky memory drivers 
with TRI-STATE® outputs designed to drive high 
capacitive loads associated with MOS memory systems. 
The drivers' output (Voh) is specified at 3.4 V to 
provide additional noise immunity required by MOS 
inputs. A PIMP input structure is employed to minimize 
input currents. The circuit employs Schottky-clamped 
transistors for high speed. A NOR gate of two inputs, 
DIS1 and DIS2, controls the TRI-STATE mode. 


Features 

■ High speed capabilities 

— typ 5 ns driving 50 pF & 8 ns driving 500 pF 

* TRI-STATE outputs 

■ High Voh (3.4 V min) 

■ High density 

— eight drivers and two disable controls for TRI- 
STATE in a 20-pin package 

• PNP inputs reduce DC loading on bus lines 

■ Glitch-free power up/down 
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Absolute Maximum Ratings (Note 1 ) 


Supply Voltage 7.0V 

Logical "1" Input Voltage 7.0V 

Logical "0" Input Voltage —1.5V 

Storage Temperature Range —65 C to +150 C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1667 mW 

Molded Package 1832 mW 

Lead Temperature (Soldering, 10 seconds) 300 C 

‘Derate cavity package 11.1 mW/°C above 25°C; derate molded 
package 14.7 mW / C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage (Vcc) 
Temperature (T ) 
DS1628 
DS3628 


MAX UNITS 


PARAMETER 


v l N (1 ) 

Logical "1” Input Voltage 

V|N(0> 

Logical "0" Input Voltage 

1 IN (1 ) 

Logical "1" Input Current 

'lN(O) 

Logical " 0 " Input Current 

V CLAMP 

Input Clamp Voltage 

VOH 

Logical "1” Output Voltage 
(No Load) 

v OL 

Logical "0" Output Voltage 
(No Load) 

v OH 

Logical "1" Output Voltage 
(With Load) 

v OL 

Logical "0" Output Voltage 
(With Load) 

• id 

Logical "1" Drive Current 

'OD 

Logical "0" Drive Current 

Hi-Z 

TRI-STATE Output Current 

'cc 

Power Supply Current 


CONDITIONS 


V CC = 5.5V V|n = 5.5V 


Vcc = 5.5 V V| N =0.5V 


V CC = 4.5V l|f\| = -18mA 


\ 

V CC = 4.5V Iqh = -10mA 


V CC = 4.5 V Iql = 10pA 


Vcc = 4.5V Iqh = -1.0mA 


VCC = 4.5V l 0L = 20mA 


VcC = 4.5V V OUT = 0V (Note 6) 


Vcc = 4.5V VquT = 4.5V (Note 6) 


Vqut = °-4V to 2.4V DIS1 or DIS2 = 2.0V 


One DIS Input = 3.0V 
All other Inputs = X, Outputs at Hi-Z 
VcC = 5.5V DIS1, DIS2 = 0V, others = 3V 
Outputs on 

All Inputs = 0V, Outputs off 



Switching Characteristics <v C c = sv, t a = 25 °c» (Note 6) 


PARAMETER 


tg + _ Storage Delay Negative Edge 


ts-+ Storage Delay Positive Edge 



Delay from Disable Input to Logical "0” 
Level (from High Impedance State) 


Delay from Disable Input to Logical "1" 
Level (from High Impedance State) 


Delay from Disable Input to High Impedance 
State (from Logical "0" Level) 


Delay from Disable Input to High Impedance 
State (from Logical "1" Level) 


CONDITIONS 


C L = 50pF 


C L = 500 pF 


C L = 50pF 


C L = 500 pF 

(Figure 1 ) 

C L = 50pF 

C L = 500 pF 

(Figure 1 ) 

C L = 50pF 

C L = 500pF 

C L = 50pF 
toGND 

Rl = 2kS1 to Vqq 
(F igure 2) 

C L = 50pF 
to GND 

R l = 2 kS2 to GND 
(Figure 2) 

Cl = 50pF 
to GND 

Rl = 400 n to Vqq 
(F igure 3) 

C L = 50pF 
to GND 

Rl = 400n to GND 
(Figure 3) 


0.25 

0.4 

0.25 

0.35 




90 

120 

mA 

70 

100 

mA 

25 

50 

mA 



MAX 

UNITS 

5.0 

ns 

8.0 

ns 

5.0 

ns 

8.0 

ns 

6.0 

ns 

22 

ns 

7.0 

ns 

24 

ns 

25 

ns 

20 

ns 

25 

ns 

15 

ns 
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AC Test Circuits and Switching Time Waveforms 


ts+-« ts— +» *r. *f 


PULSE 

GENERATOR 
(NOTE 4) 


T“ 





Note 1 : “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the -55°C to +125°C temperature range for the DS1628 and across the 0°C to 
4 70°C range for the DS3628. All typical values are for T^ = 25°C and Vqq = 5 V. 

Note 3: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages references to ground unless 
otherwise noted. All values shown as max or min on absolute value basis. 

Note 4: The pulse generator has the following characteristics: ZquT = 50 n and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 5; C[_ includes probe and jig capacitance. 

Note 6: When measuring output drive current and switching response for the DS1 628 and DS3628 a 1 5 fi resistor should be placed in series with 
each output. 
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National Memory Support 

Semiconductor 

DS1644/DS3644 DS1674/DS3674 Quad TTL to MOS 
Clock Drivers 

General Description 

The DS1644/DS3644 and DS1674/DS3674 are quad 
bipolar-to-MOS clock drivers with TTL compatible 
inputs. They are designed to provide high output current 
and voltage capabilities necessary for optimum driving 
of high capacitance N-channel MOS memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The circuit may be connected to provide a 12V clock 
output amplitude as required by 4k RAMs or a 5V clock 
output amplitude as required by 16k RAMs. 

The DS1644/DS3644 contains a 1 012 resistor in series 
with each output to dampen the transients caused by 
the fast-switching output, while the DS1674/DS3674 


has a direct, low impedance output for use with or 
without an external damping resistor. 

Features 

■ TTL compatible inputs 

■ 1 2V clock or 5V clock driver 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS1 644/DS3644) 



DS1644/DS3644, DS1674/DS3674 






DS1644/DS3644, DS1674/DS3674 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage Supply Voltage 

V CC1 7V V C ci 

V CC 2 13.5V DS1644, DS1674 4.5 5.5 V 

V CC3 16V DS3644, DS3674 4.75 5.25 V 

Input Voltage -1.0Vto+7V V qc2 

Output Voltage -1.0Vto+16V DS1644, DS1674 4.5 13.2 V 

Storage Temperature Range -65°C to +150° C DS3644, DS3674 4.75 12.6 V 

Maximum Power Dissipation* at 25°C VCC3 

Cavity Package 1509 mW DS1644, DS1674 Vcc2 16.5 V 

Molded Package 1476 mW DS3644, DS3674 V C C2 I 5 - 75 v 

Lead Temperature (Soldering, 10 seconds) 300°C Temperature, T/\ 

‘Derate cavity package 10.1 mW/°C above 25° C; derate molded DS1644, DS1674 -55 +125 °C 

package 11.8 mW/°C above 25° C. DS3644, DS3674 0 +70 °C 

Electrical Characteristics 

5V operation, (Vcci = Vcc2 = 5V, VcC3 = 12V); 12V operation, (Vqqi = 5V, VcC2 = 12V, VcC3 = VcC2 + (3V ±10%)); 
DS1644, DS1674, ±10% power supply tolerances; DS3644, DS3674, ±5% power supply tolerances, unless otherwise noted. 
(Notes 2, 3 and 4). 


CONDITIONS 


Supply Voltage 
V CC1 

DS1644, DS1674 
DS3644, DS3674 
V CC2 

DS1644, DS1674 
DS3644, DS3674 
VCC3 

DS1644, DS1674 
DS3644, DS3674 
Temperature, Ta 
DS1644, DS1674 
DS3644, DS3674 


MIN 

MAX 

4.5 

5.5 

4.75 

5.25 

4.5 

13.2 

4.75 

12.6 

VCC2 

16.5 

V CC2 

15.75 

-55 

+125 

0 

+70 


PARAMETER 

V|H 

Logical "1" Input Voltage 

V| L 

Logical "0" Input Voltage 

IlH 

Logical "1" Input Current 


Logical “0" Input Current 


VCD 

Input Clamp Voltage 

l| = — 12 mA 

VOH 

Logical "1" Output Voltage 

Iqh = -1 mA, V|L = 

0.8V 

VOL 

Logical "0" Output Voltage 

IOL = 5mA, V|h = 2.0V 

voc 

Output Clamp Voltage 

Iqc = 5 mA, V | [_ = 0.8V 

'CCH 

Supply Current Output High 




•cci 


Vcci = Max 

•CC2 

All Inputs V|[\| = 0V 

12V Operation 

•CC3 

Outputs Open 

'CC2 


5V Operation 

•CC3 


'CCL 

Supply Currents Outputs Low 




'CCI 

All Inputs V, n = 5V 
Outputs Open 

Vcci = 5.25V 

'CC2 

V C C2= 12.6V 

'CC3 

VCC3= 15.75V 



V|N = 5.5V 


V|N = 0.4V 


- 0.8 


VCC2-0.5 VCC2-0-2 



Switching Characteristics Ta = 25°C unless otherwise noted, (Note 4), (Figures 1 , 2, 3 and 4) 


PARAMETER 


t s +_ Storage Delay Negative Edge 


Storage Delay Positive Edge 



Propagation Delay to a 
Logical "0" 


Propagation Delay to a 
Logical "1" 


CONDITIONS 

Rq = 10Q 

Cl = 100 pF 

Cl = 400 pF 

Rq = 10J2 

Cl= 100 pF 

Cl = 400 pF 

Rd = 10 £7 

Cl= 100 pF 

Cl = 400 pF 

Rq = 10 L2 

Cl= 100 pF 

Cl = 400pF 

Rq = 10J2 

Cl = 100 pF 

Cl = 400 pF 

Rq = 10L2 

Cl=100pF 

Cl = 400 pF 


TYP 

MAX 

UNITS 

8 

11 

ns 

12 

16 

ns 

10 

13 

ns 

13 

16 

ns 

9 

16 

ns 

17 

24 

ns 

8 

12 

ns 

13 

19 

ns 

17 

27 

ns 

29 

40 

ns 

18 

25 

ns 

26 

35 

ns 



























































































































































Notes 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1644, DS1674 and across the 
0°C to +70° C range for the DS3644, DS3674. All typicals are given for T^ = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: For AC measurements, a 10H resistor must be placed in series with the output of the DS1674/DS3674. This resistor is internal to the 
DS1644/DS3644 and need not be added. 

AC Test Circuits and Switching Time Waveforms 


PULSE SELECT 

GENERATOR 
(NOTED INPUT 


V CC1 V CC2 V CC3 
N OUT 


(INTERNAL ON 
1“ 0S1644/0S3S44) 


REFRESH INPUT • 2.4V 
ALL OTHER INPUTS = 0V 


FIGURE 1. 12V Operation 


-i'Fp 

-j tpdO |— - 

FIGURE 2. 12V Operation 


PULSE SELECT 

GENERATOR , 
(NOTE 1) INPUT 


'•'CCI V CC2 V CC3 

OUT 


(INTERNAL ON 
1°. OS1644/OS3644) 


REFRESH INPUT = 2.4V 
ALL OTHER INPUTS = OV 


FIGURE 3. 5V Operation 


I'Fp 

'pdo p- r 

FIGURE 4. 5V Operation 


Note 1 : The pulse generator has the following characteristics. PPR = 1 MHz, t R < 10 ns, ZguT = 500. 
Note 2: C[_ includes probe and jig capacitance. 


Truth Table 


INPUT 


ENABLE 

1 

ENABLE 

2 

SELECT 

INPUT 

CLOCK 

INPUT 

REFRESH 

INPUT 

OUTPUT 

1 

X 

X 

X 

X 

0 

X 

1 

X 

X 

X 

0 

X 

X 

X 

1 

X 

0 

X 

X 

1 

X 

1 

0 

0 

0 

0 

o 

X 

1 

0 

0 

X 

0 

0 

1 
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DS1644/DS3644, DS1674/DS3674 





DS1645/DS3645, DS1675/DS3675 


Semiconductor 


Memory Support 


DS1645/DS3645, DS1675/DS3675 Hex TRI-STATE® TTL to 
MOS Latches/Drivers 


General Description 


The DS1645/DS3645 and DS1675/DS3675 are hex 
MOS latches/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 15 0 resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 


The circuit employs a fall-through-latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for input address lines or input/output data lines 
of a MOS memory system. 

Features 

■ TTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 


Logic and Connection Diagrams 


L_ . 

DATA P o-c: 
DATA C o-c; 
DATA D o-c: 

DATA E o-c: 

DATA F o-c: 


l~~o o c 

l—o ff D 

I o 5 e 

HJ— oa F 


Dual-In-Line Package 

ou T _ 

V CC DSBL DATA F °F DATA E °E DATA D “D 



DATAC S c GRID 


Order Number DS1645J, DS1675J, DS3645J, 
DS3675J, DS3645N or DS3675N 
See NS Package J16A or N16A 


Truth Table 


INPUT 

ENABLE 

OUTPUT 

DISABLE 

DATA 

OUTPUT 

OPERATION 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = Don't care 

Hi-Z = TR I -STATE mode 
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Absolute Maximum Ratings 


Operating Conditions 


Supply Voltage, V^c 7V 

Logical "1" Input Voltage 7V 

Logical "0" Input Voltage —1.5V 

Storage Temperature Range —65 C to +150 C 

Maximum Power Dissipation* at 25 C 

Cavity Package . 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering, 10 seconds)-. 300 C 

’Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Supply Voltage (Vcc> 

Temperature (T/\) 
DS1645, DS1675 
DS3645, DS3675 


PARAMETER 

V|N(1) 

Logical "1" Input Voltage 

V|N(0) 

Logical "0" Input Voltage 

1 1 N ( 1 ) 

Logical "1" Input Current 

•lN(0) 

Logical "0” Input Current 

VCLAMP 

Input Clamp Voltage 

VOH 

Logical "1" Output Voltage 
(No Load) 

v OL 

Logical "0" Output Voltage 
(No Load) 

VOH 

Logical "1" Output Voltage 
(With Load) 

VOL 

Logical "0" Output Voltage 
(With Load) 

1 ID 

Logical "1" Drive Current 

'OD 

Logical "0" Drive Current 

'HZ 

TRI-STATE Output Current 

ice 

Power Supply Current 


CONDITIONS 


V||\] = 0.5V Enable Inputs 

Vcc = 5.5V Data Inputs 


Vcc = 4.5V, l||\] = —18 mA 


Vcc = 4.5V, |QH = -IOjuA 


Vcc = 4.5V, |QL = 1° 



Vqc = 4.5V, lQH = —1-0 mA 


Vcc = 4.5V, |QL = 20 mA 


DS1645 


DS1675 


DS3645 


DS3675 


Vcc = 4.5V, VquT = 0V, (Note 4) 


VCC = 4.5V, VquT = 4.5V, (Note 4) 


V C C = 5.5V 


Output Disable = 3V 
All Other Inputs = 0V 


Input Enable = 3V 
All Other Inputs = 0V 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1645 and DS1675 and 
across the 0°C to +70°C range for the DS3645 and DS3675. All typical values are for T^ = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1675 and DS3675 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1645/DS3645, and need not be added. 
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DS1645/DS3645, DS1675/DS3675 























































































































DS1645/DS3645, DS1675/DS3675 


Switching Characteristics Vcc = 5V ( T/\ = 25°C, unless otherwise noted. (Note 4) 


PARAMETER 

ts+- 

Storage Delay Negative Edge 

ts-+ 

Storage Delay Positive Edge 

tF 

Fall Time 

T R 

Rise Time 

tSET-UP 

Set-Up Time on Data Input 
Before Input -Enables Goes 
Low 

tHOLD 

Hold Time on Data Input 
After Input Enable Goes 
Low 

tw 

Minimum Width of 
Enable Pulse to 
Latch Data 

tZL 

Delay from Disable Input to 
Logical “0" Level (from High 
Impedance State) 

tZH 

Delay from Disable Input to 
Logical "1" Level (from High 
Impedance State) 

tLZ 

Delay from Disable Input to 
High Impedance State (from 
Logical "0" Level) 

tHZ 

Delay from Disable Input to 
High Impedance State (from 
Logical "1" Level) 


(Figure 1) 


(Figure 1) 


(Figure 1) 


(Figure 1) 


CONDITIONS 


Cl = 50 pF 


Cl= 500 pF 


Cl= 50 pF 


Cl = 500 pF 


Cl= 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


MIN TYP MAX UNITS 



Schematic Diagram 


EQUIVALENT INPUT 


EQUIVALENT OUTPUT 



DS1645/DS3645 only 
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AC Test Circuits and Switching Time Waveforms 

ts+— , *S— +< *R- l F 



Note 1: The pulse generator has the following characteristics: Zqut = 50 n and PRR < 1 MHz. Rise 
and fall times between 10% and 90% points < 5 ns. 

Note 2: C(_ includes probe and jig capacitance. 

FIGURE 1 


»ZH 



^Internal on DS1645and DS3645 


FIGURE 2 
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DS1645/DS3645, DS1675/DS3675 





AC Test Circuits and Switching Time Waveforms (Continued) 


<HZ 

V £ c 0.1 up 




Operating Waveforms 


Internal on DS1645 and DS3645 
FIGURE 3 


Using TRI-STATE 

-1- INPUT DATA VALID 


TRI-STATE Disabled 

U -4-input data valid 


1.5 V if \ 1.5V 

— L. ... t w -N — 


I OUTPUT OUTPUT 

P TRI-STATE H ACTIVE ™ STAT£ 


When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the Input Enable normally occurs during a don't-care timing state at the output. 



Typical Applications 


The DS3645 and DS3675 latch/driver has TRI-STATE 
outputs, which allows the outputs to be tied with those 
of another TRI-STATE driver, such as the DS3646 and 


DS3676 refresh counter. The DS3645 and DS3675 can 
be disabled while the alternate driver controls the address 
lines into the memory system. 


MOS MEMORY 
' SYSTEM 


U DS3646/ 
DS3676 
OUTPUT REFRESH 
ENABLE COUNTER 
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a 


National 

Semiconductor 


Memory Support 


DS1647/DS3647, DS16777DS3677, DS161477DS36147, 
DS161777DS36177 Quad TRI-STATE® MOS Memory 
I/O Registers 

General Description 


The DS1647/DS3G47 series are 4-bit I/O buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors-so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same data lines. 

The "B" port outputs in the DS16147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 


DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A" port outputs in 
all four types are TRI-STATE. 

Data going from port "A" to port "B" is inverted in the 
DS1647/DS3647 and DS16147/DS36147 and is not 
inverted in the DS1677/DS3677 and DS161 77/DS36177. 
Data going from port "B" to port "A" is inverted in 
all four types. 


Features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL compatible 

■ Transmission line driver output 


Logic and Connection Diagrams 


- 1 


:::::::: ~~~~~~ 3-0 B 2 
________ — — — — — — B3 

“ZZZZZZ ZZZZZ'Z 3— 0 64 


Dual-In-Line Package 



Order Number DS1647D, DS3647D, DS1677D, 
DS3677D, DS16147D, DS36147D, DS16177D, 
DS36177D, DS3647N, DS3677N, DS36147N 
or DS36177N 

See NS Package D16A or N16A 


Inverting DS1647/DS3647 and DS16147/DS36147 only 
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DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, DS161777DS36177 







DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, DS16177fDS3ei77 


Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 7 

Input Voltage -1 ,5V to +7 

Storage Temperature Range — 65° C to +150‘ 

Maximum Power Dissipation at25°C 

Cavity Package 1509 m 

Molded Package 1476 m 

Lead Temperature (Soldering, 10 seconds) 300 c 

"Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 1 1 .8 mW/°C above 25° C. 


7 V 

Supply Voltage (Vcc> 

4.5 

5.5 

-1.5V to +7V 
— 65°C to +150°C 

Temperature (T/\) 

DS1647, DS1677, DS16147, 

-55 

+125 


DS16177 



1509 mW 
1476 mW 
300° C 

DS3647, DS3677, DS36147, 
DS36177 

0 

+70 


Electrical Characteristics 


(Notes 2 and 3) 


PARAMETER 

V 1 N ( 1 ) 

Logic "1" Input Voltage 

V | N (0) 

Logic "0” Input Voltage 

l|N(1) 

Logic "1” Input Current 

l|N(0) 

Logic "0" Input Current 

VCLAMP 

Input Clamp Voltage 

VOL(A) 

Logic "0" Output Voltage 
A Ports 

VOL(B) 

Logic "0" Output Voltage 
B Ports 

VOH(A) 

Logic "1" Output Voltage 
A Ports 

VOH(B) 

Logic "1" Output Voltage 
B Ports 

'OS(A) 

Output Short-Circuit Current 
A Port 

'OS(B) 

Output Short-Circuit Current 
B Port 

'CC 

Power Supply Current 


CONDITIONS 


Vcc = 5.5V, V|N = 5.5V 


Vcc = 5.5V, V|N = 0.5V 


Vcc = 4.5V, I IN = —18 mA 


VCC = 4.5V, Iql = 20 mA 


Vcc = 4.5V 


lOH = -1 mA 


Iqh = — 5.2 mA, (Note 4) 


Latch, Disable Inputs 


Expansion 


A Ports, B Ports 


Enable Inputs 


Latch, Disable Inputs 


Expansion 


A Ports, B Ports x 


Enable, Inputs 


lOL = 30 mA 


IQL = 50 mA 


Vcc = 5V 


VCC = 4.5V 


Vcc = 5V 


Vcc = 4.5V 


VCC = 4.5V to 5.5V, VgUT = 0V, (Note 5) 


VCC = 4.5V to 5.5V, VquT = 0V, (Notes 4 and 5) 


Exp = 3V, A Ports = 0V, 

B Ports Open, All Other Pins = 0V 


Enable A, Latch = 3V, A Ports = 
0V, B Ports Open, All Other 
Pins = 0V 


Exp = 3V, A Ports = OV, 

B Ports Open, All Other Pins = 0V 


Enable A, Latch, A Ports = 3V, 

B Ports Open, All Other Pins = 0V 


DS1647, DS16147 


DS3647, DS36147 


DS1647, DS16147 


DS3647, DS36147 


DS1677, DS16177 


DS3677, DS36177 


DS1677, DS16177 


DS3677, DS36177 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1647, DS1677, DS16147, 
DS16177 and across the 0°C to +70°C range for the DS3647, DS3677, DS36147, DS36177. All typicals are given for Vcc = 5V and Ta = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Not applicable to DS16147/DS36147 or DS16177/DS36177. 

Note 5: Only one output at a time should be shorted. 
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Switching Characteristics (v cc = bv, t a = 25°o 

PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS 

DATA TRANSFER B PORT TO A PORT, ALL DEVICES 

'pdO Propagation Delay to a Logic "0" 

Cl = 50 pF, R L = 280 12, 
( Figures 1 and 4) 


7.5 

15 

ns 

t pd 1 Propagation Delay to a Logic "1" 

Cl = 50 pF, Rl = 280 12, 
(Figures 1 and 4) 


6.0 

12 

ns 

A PORT CONTROL FROM OUTPUT DISABLE A INPUT, ALL DEVICES 

t[_Z Delay to High Impedance from 

Logic “0" 

(Figures 1 and 5) 


13 

20 

ns 

tHZ Delay to High Impedance from 

Logic ''1 " 

(Figures 1 and 6) 


14 

20 

ns 

tZL Delay to Logic "0" from High 

Impedance 

(Figures 1 and 7) 


10 

15 

ns 

tZH Delay to Logic "1 " from High 

Impedance 

(Figures 1 and 8) 


25 

35 

ns 

DATA TRANSFER A PORT TO B PORT, DS1647/DS3647 

tpdO Propagation Delay to a Logic "0" 

Cl = 50 pF, R L = 10012, 
(Figures 2 and 4) 


6.5 

12 

ns 

tpd 1 Propagation Delay to a Logic "1" 

Cl = 50 pF, Rl = 100 12, 
(Figures 2 and 4) 


8.0 

15 

ns 


DATA TRANSFER A PORT TO B PORT, DS1677/DS3677 


l pd0 Propagation Delay to a Logic "0" 

Cl = 50 pF, R L = 10012, 
(Figures 2 and 4) 

tpd 1 Propagation Delay to a Logic “1" 

Cl = 50 pF, Rl= 10012, 
(Figures 2 and 4) 


DATA TRANSFER A PORT TO B PORT DS16147/DS36147 


tpdO Propagation Delay to a Logic "0" 

Cl = 50 pF, (Figures 3 and 4) 

tpd 1 Propagation Delay to a Logic “1" 

Cl = 50 pF, ( Figures 3 and 4) 


DATA TRANSFER A PORT TO B PORT, DS16177/DS36177 


tpdO Propagation Delay to a Logic “0" 

Cl = 50 pF, (Figures 3 and 4) 

l pd1 Propagation Delay to a Logic "1" 

Cl = 50 pF, (Figures 3 and 4) 



12.5 

; 

20 

ns 

8.5 

15 

ns 


18 

25 

ns 

7.0 

15 

ns 


B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS1647/DS3647, DS1677/DS3677 


13.5 

21 

ns 

18 

25 

ns 


tLZ Delay to High Impedance from 

Logic "0” 

(Figures 2 and 5) 

tHZ Delay to High Impedance from 

Logic ”1" 

(Figures 2 and 6) 

1ZL Delay to Logic "0" from High 

Impedance 

(Figures 2 and 7) 

tZH Delay to Logic "1 " from High 

Impedance 

(Figures 2 and 8) 



15 

25 

ns 

14 

20 

ns 

10 

16 

ns 

25 

35 

ns 


B PORT CONTROL FROM OUTPUT DISABLE B INPUT, DS16147/DS36147, DS16177/DS36177 


tLZ Delay to High Impedance from 

Logic "0" 

(Figures 3 and 5) 

tZL Delay to Logic "0" from High 

Impedance 

(Figures 3 and 7) 


15 

25 

ns 

11 

17 

ns 


LATCH SET-UP AND HOLD TIMES, ALL DEVICES 


tSET-UP Set-Up Time of Data Input Before 
Latch Goes Low 


tHOLD Hold Time of Data Input After 
Latch Goes Low 




DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, DS161777DS36177 

























































































































Product Description 


DEVICE NUMBER 


B PORT TO A PORT A PORT TO B PORT 


A PORT OUTPUTS B PORT OUTPUTS 


DS1647/DS3647 

DS1677/DS3677 

DS16147/DS36147 

DS16177/DS36177 


Inverting 

Non-Inverting 

Inverting 

Non-Inverting 


TR I -STATE 
TRI-STATE 
Open-Collector 
Open-Collector 


Truth Table 



Both A and B in Hi-Z state, 
Data In on A, may be latched 


Both A and B in Hi-Z state, 
Data In on B, may be latched 


Both A and B in Hi-Z state 


AC Test Circuits 


50 pF _____ <1* 

(NOTE 1) I < 


" 50 of < 1k 

(NOTE 1) I < 


FIGURE 1. A Port Load, All Circuits 


FIGURE 2. B Port Load, DS3647, DS3677 


50 of > 200 

(NOTED < 


FIGURE 3. B Port Load, DS36147, DS36177 


Note 1 : Cl includes probe and jig capacitance. 
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Operating Waveforms 


Using TRI-STATE 1 * 

— — INPUT DATA VALID - 

/ \ / 


TRI-STATE® Disabled 
U INPUT DATA VALID - 




\XVAAA.\A. JJJJJJ 

L_ DATA J 
r LATCHED^ 


.JLA. 

I DATA [ DATA 

P~ FEED-THROUGH LATCHEI 


When the Input Enable makes a negative transition, the output will be indeterminate for a short duration. The negative transition of 
the Input Enable normally occurs during a don't-care timing state at the output. 


Switching Time Waveforms 


tpdO and *pd1 


3V 

ov A 

^5V 


*pdO f- 


OUTPUT 

(INVERTED) 


OUTPUT 
(NON INVERTED) 



Input Characteristics: f = 1 MHz, tR = tp < 5 ns !10% to 90% points), duty cycle = 50%, ZquT = 50 n 

FIGURE 4 
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DS1647/DS3647, DS16777DS3677, 
DS161477DS36147, DS161777DS36177 





DS1647/DS3647, DS16777DS3677, 
DS16147/DS36147, DS161777DS36177 


Schematic Diagram 


Typical Application 



The diagram below shows how the DS3677 can be used 
as a register capable of multiplexing data lines. 




/ 
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National 

Semiconductor 


Memory Support 


DS1648/DS3648j DS1678/DS3678 TRI-STATE® TTL to MOS 
Multiplexers/Drivers 

General Description 


The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 

The DS1648/DS3648 has a 15 H resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1678/DS3678 has a direct. 


Logic and Connection Diagrams 



low impedance output for use with or without an 
external resistor. 

Features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DS1648/DS3648 only) 


Dual-In-Line Package 


INPUTS INPUTS 

OUTPUT « OUTPUT , , OUTPUT 

V CC CONTROL A4 B4 Y4 A3 B3 Y3 



Order Number DS1648J, DS3648J, DS1678J, 
DS3678J, DS3648N or DS3678N 
See NS Package J16A or N16A 


Schematic Diagram 



•DS1648/DS3648 only 
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DS1648/DS3648, DS1678/DS3678 







DS1648/DS3648, DS1678/DS3678 


Absolute Maximum Ratings (Note d Operating Conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage (Vqq) 

4.5 

5.5 

V 

Logical "1" Input Voltage 

7V 

Temperature (Ta) 




Logical "0" Input Voltage 

-1.5V 

DS1648, DS1678 

-55 

+ 125 

°c 

Storage Temperature Range 

— 65°C to +150°C 

DS3648, DS3678 

0 

+70 

°c 

Maximum Power Dissipation at 25°C 






Cavity Package 

1433 mW 





Molded Package 

1 362 mW 





Lead Temperature (Soldering, 10 seconds) 

300° C 






Derate cavity package 9.6 mW/°C above 25°C; derate molded 
package 10.9 mW/°C above 25° C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) Logical"1" Input Voltage 


2.0 

■ 


V 

V|N(0) Logical "0" Input Voltage 



m 

0.8 

V 

l|N(1) Logical "1" Input Current 

V C C= 5.5V, V|N = 5.5V 


0.1 

40 

pA 

' IN (0) Logical "0" Input Current 

V C C = 5.5V, V|N = 0.5V 


-50 

-250 

pA 

VCLAMP Input Clamp Voltage 

Vcc = 4.5V, l||\i = —18 mA 


-0.75 

-1.2 

- V 

Voh Logical "1 " Output Voltage 

(No Load) 

Vqc = 4.5V, IqH = -10 pA 

DS1648/DS1678 

mm 

3.6 


V 

DS3648/DS3678 

2.8 

3.6 


V 

VOL Logical "0" Output Voltage 

(No Load) 

V C C = 4.5V, loL = 10 pA 

DS1648/DS1678 


0.25 

0.4 

V 

DS3648/DS3678 


0.25 

0.35 

V 

Voh Logical "1" Output Voltage 

(With Load) 

V CC = 4.5V, loH = —10 mA 

DS1648 

mm 

3.5 


V 

DS1678 

2.5 

3.5 


V 

DS3648 

2.6 

3.5 


V 

DS3678 

MSB 

3.5 


V 

Vol Logical “0" Output Voltage 

(With Load) 

Vcc = 4.5V, IqL = 20 mA 

DS1648 


0.6 

1.1 

V 

DS1678 


0.4 

0.5 

V 

DS3648 


0.6 

1.0 

V 

DS3678 



0.5 

V 

1 1 d Logical "1" Drive Current 

VCC = 4.5V, VoUT = 0V, (Note 4) 


-250 1 


mA 

lOD Logical "0" Drive Current 

VCC = 4.5V, VouT = 4.5V, (Note 4) 


150 

I 

mA 

'Hi-Z TRI-STATE Output Current 

VquT = 0.4V to 2.4V, Output Control = 2.0V 

-40 


40 

pA 

ICC Power Supply Current 

V C C=5.5V 

Output Control = 3V 
All Other Inputs at 0V 

■ 

42 

60 

mA 

All Inputs at 0V 


20 

32 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1648 and DS1678 and across 
the 0°C to +70°C range for the DS3648 and DS3678. All typical values are for Ta = 25°C and V^q = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 15 ST resistor should be placed in series with 
each output. This resistor is internal to the DS1648/DS3648 and need not be added. 
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Switching Characteristics <v C c = sv. t a = 25 °cj (Note 4 ) 


PARAMETER 


ts~ + Storage Delay Positive Edge 


tf: Fall Time 


tR R ise Time 

t2L Delay from Output Control Input to Logical "0" 
Level (from High Impedance State) 


t^H Delay from Output Control Input to Logical "V 
Level (from High Impedance State.) 


tLZ Delay from Output Control Input to High Impedance 
State (from Logical "0" Level) 


tRZ Delay from Output Control Input to High Impedance 
State (from Logical "1" Level) 


ts+— Propagation Delay to Logical "0" Transition When 
Select Selects A 


tg_+ Propagation Delay to Logical "1" Transition When 
Select Selects A 


t$+— Propagation Delay to Logical "0" Transition When 
Select Selects B 


ts— + Propagation Delay to Logical "1" Transition When 

Select Selects B 


AC Test Circuits and Switching Time Waveforms 

ts+ — . t S _ + ,tR.tp 

Vcc 

UL 

... 41^1 


CONDITIONS 

(Figure 1) 

Cl - 50 pF 

Cl 500 pF 

(Figure 1) 

CL = 50pF 

Cl - 500 pF 

(Figure 1) 

C L = 50 pF 

Cl = 500 pF 

(Figure 1) 

i 

Cl = 50 pF 

Cl = 500 pF 

Cl = 50 pF 
(Figure 2) 

, R L = 2 kS2 to Vcc. 

Cl^ 50 pF 
(Figure 2) 

, R l = 2 kL2 to Gnd, 

C L = 50 pF 
(Figure 3) 

, R L = 400 il to Vqc, 

Cl = 50 pF 
(Figure 3) 

, R l = 400 il to Gnd, 

Cl = 50 pF 

, (Figure 1) 

Cl = 50 pF, ( Figure 7 ) 

C L = 50 pF 

, (Figure 1) 

Cl - 50 pF 

, (Figure 1) 


INPUT 


PULSE r D 

GENERATOR 1—0 — 1 IN OUT — V\Al — • OVquT 

(NOTED | 


MIN TYP MAX UNITS 


12 ns 

8 ns 


13 ns 


5 8 ns 


22 35 ns 



35 ns 


10 15 ns 


15 ns 


15 25 ns 


10 25 ns 


12 15 ns 

14 17 ns 


16 20 ns 


14 20 ns 



- 90 % 

\l0% 10% i 


Note 1: The pulse generator has the following characteristics: Zqut = 50 17 and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 2: C(_ includes probe and jig capacitance. 


PULSE 

GENERATOR 
(NOTE II 


PULSE 

i V0UT GENERATOR 

(NOTE 1) 


SOpF^-TN S 2k 



INPUT -V-1.5V 



Internal on DS1648and DS3648 
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DS1648/DS3648, DS1678/DS3678 


AC Test Circuits and Switching Time Waveforms (Continued) 


l HZ 

v « o.i pF 


PULSE 

GENERATOR 
(NOTE 1) 


PULSE 

>V 0UT GENERATOR 
(NOTE 1) 


MpF—. >400 


’ 400 - Vqh 

OUTPUT 

1—0 Vqut 



Internal on DS1648 and DS3648 


Truth Table 


OUTPUT 

INPUTS 

OUTPUTS 

CONTROL 

SELECT 

A B 

H 

X 

X X 

Hi-Z 

L 

L 

L X 

H 

L 

L 

H X 

L 

L 

H 

X L 

H 

L 

H 

X H 

L 


H = High level 

L = Low level 

X = Don't care 

Hi-Z = TRI-STATE mode 


Typical Applications 


Addressing 16k RAM 
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Typical Applications (Continued) 


Refreshing Using TRI-STATE Counter 



2:1 Multiplexing of RAM Outputs 


T\ 


i -j 


"1a? 

A1 

|a6 

| A5 


1 A4 


1*3 

m 




| AO 


J 



4 MOS OUTPUTS 
(INVERTED) 
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DS1649/DS3649, DS1679/DS3679 


CTI National Memory Support 

mm Semiconductor 

DS1649/DS3649, DS1679/DS3679 Hex TRI-STATE® TTL to 
MOS Drivers 

General Description 

The DS1649/DS3649 and DS1679/DS3679 are Hex impedance output for use with or without an external 

TRI-STATE MOS drivers with outputs designed to drive resistor. 

large capacitive loads up to 500 pF associated with MOS 

memory systems. PNP input transistors are employed to 

reduce input currents allowing the large fan-out to these r6atUT6S 

drivers needed in memory systems. The circuit has B High speed capabilities 

Schottky-clamped transistor logic for minimum propaga- # y g ns driving 50 pF 

tion delay, and TRI-STATE outputs for bus operation. _ T o n nc . • . r nn -p 


The DS1649/DS3649 has a 15 O resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output. The DS1679/DS3679 has a direct low 


Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 30 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 Q damping resistor (DS1649/DS3649) 

■ Same pin-out as DM8096 and DM74366 


Schematic Diagram 

EQUIVALENT INPUT 


Truth Table 


EQUIVALENT OUTPUT V CC 


DISABLE INPUT 



DIS 1 

DIS 2 

INPUT 


0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

Hi-Z 

1 

0 

X 

Hi-Z 

1 

1 

X 

Hi-Z 


X = Don’t care 

Hi-Z = TRI-STATE mode 


I J 


DS1649/DS3649 only 


Connection Diagram 


Typical Application 


Dual-1 n-Line Package 

Vrr DIS 2 IN 6 OUT 6 IN 6 OUT 5 IN 4 OUT 4 



ms 1 INI OUT 1 IN 2 OUT 2 IN 3 OUT 3 GND 
TOP VIEW 

Order Number DS1649J, DS3649J, 
DS1679J, DS3679J, DS3649N or DS3679N 
See NS Package J16A or N16A 



6-46 



Absolute Maximum Ratings (Note u 

Supply Voltage 7.0V 

Logical "1 " Input Voltage 7.0V 

Logical "0" Input Voltage -1 ,5V 

Storage Temperature Range -65°Cto + 150°C 

Maximum Power Dissipation at 25°C 

Cavity Package 1371 mW 

Molded Package 1280mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 2 and 3) 


Operating Conditions 

MIN MAX UNI 

Supply Voltage (Vqq) 4.5 5.5 \ 

Temperature (T A ) 

DS1649, DS1679 -55 +125 °C 

DS3649, DS3679 0 +70 D ( 

‘Derate cavity package 9.1 mW/°C above 25°C; derate molded 
package 10.2 mW/°C above 25° C. 


PARAMETER 

V|N(1) 

Logical "1" Input Voltage 

V|N(0) 

Logical "0" Input Voltage 

l|N(1) 

Logical "1" Input Current 

l|N(0) 

Logical “0" Input Current 

VCLAMP 

Input Clamp Voltage 

VOH 

Logical “1 " Output Voltage 
(No Load) 

v OL 

Logical "0" Output Voltage 
(No Load) 

VOH 

Logical "1" Output Voltage 
(With Load) 

VOL 

Logical “0" Output Voltage. 
(With Load) 

1 ID 

Logical "1 " Drive Current 

lOD 

Logical "0" Drive Current 

Hi-Z 

TRI-STATE Output 
Current 

•cc 

Power Supply Current 


CONDITIONS 


Vcc = 5.5V V|m = 5.5V 


VCC = 5.5V V|N = 0.5V 


Vcc = 4-5V l|M = — 18 mA 


Vcc = 4.5V Iqh = -10/uA 


Vcc = 4.5V loi_=10pA 


DS1649/DS1679 


DS3649/DS3679 


DS1649/DS1679 


DS3649/DS3679 


DS1649 



V CC = 4.5V lQL = 20mA 


Vcc = 4.5V 


Vcc = 4.5V 


v OUT = 0V 
(Note 4) 


v OUT = 4.5V 
(Note 4) 


VOUT = 0.4V to 2.4V 
DIS1 or DIS2 = 2.0V 



One DIS Input = 3.1 
All Other Inputs = ; 


All Inputs = 0V 


Switching Characteristics (v C c = 5v,t a = 25°c) (Note 4) 


CONDITIONS 


PARAMETER 

ts+- 

Storage Delay Negative Edge 

*s-+ 

Storage Delay Position Edge 

tF 

Fall Time 

tR 

Rise Time 

»ZL 

Delay from Disable Input to Logical "0" 
Level (from High Impedance State) 

tZH 

Delay from Disable Input to Logical "1" 
Level (from High Impedance State) 

tLZ 

Delay from Disable Input to High Impedance 
State (from Logical "0" Level) 

tHZ 

Delay from Disable Input to High Impedance 
State (from Logical "1" Level) 


(Figure 1) 


(Figure V 


Cl = 50 pF 
to Gnd 


Cl = 50 pF 
to Gnd 


Cl = 50pF 
to Gnd 


Cl = 50 pF 
to Gnd 



Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Cl = 50 pF 


Cl = 500 pF 


Rl = 2 kfi to Vcc 
(Figure 2) 


RL = 2 kfl to Gnd 
(Figure 2) 


RL = 400 to Vcc 
(Figure 3) 


RL = 400 n to Gnd 
(Figure 3) 



5 

8 

8 

13 

5 

8 

22 

35 

6 

9 

21 

35 

10 

15 

8 

15 

15 

25 

10 

25 
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Notes 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1649 and DS1679 and across 
the 0°C to +70° C range for the DS3649 and DS3679. All typical values are for T^ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 15 fl resistor should be placed in series with 
each output. This resistor is internal to the DS1649/DS3649 and need not be added. 

AC Test Circuits and Switching Time Waveforms 


ts+— fs-t-' l R> tF 

Vcc 



— 'St- — ■) I— 's-t 

90% 

^ 10 % 10 %/ 

— 'F — - j — 'R 


PULSE Rd 

GENERATOR 4 I IN OUtt-A/W 
(NOTED 


POISE I r D I 

GENERATOR [ 4 - i IN OOT^-VW— f— O «0UT 
(NOTED 


— I— 50 pF 

(NOTE 2) 



N ,5V 

t ZH — 


'ZL — 

t i 

! r * 



*HZ 




Vcc 

P 




V IN 

9 





PULSE 1 

GENERATOR —4— 
(NOTE 1) 

IN OUT 

* R 0 

— •— OVqut 

. PULSE 
GENERATOR - 
(NOTE 1) 


- I 50 pF 

(NOTE 2) 



Internal on DS1649 and DS3649 

Note 1: The pulse generator has the following characteristics: Zqut = 50 SI and PRR < 1 MHz. Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 2: C|_ includes probe and jig capacitance. 
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OT National Memor; 

£A Semiconductor 

DS1651/DS3651, DS1653/DS3653 Quad High Speed 
MOS Sense Amplifiers 

General Description Features 


Memory Support 


The DS1651/DS3651 and DS1653/DS3653 are TTL 
compatible high speed circuits intended for sensing in a 
broad range of MOS memory system applications. 
Switching speeds have been enhanced over conventional 
sense amplifiers by application of Schottky technology, 
and TRI-STATE® strobing is incorporated, offering a 
high impedance output state for bused organization. 

The DS1651/DS3651 has active pull-up outputs, and the 
DS1653/DS3653 offers open collector outputs providing 
implied "AND" operations. 


Features 

■ High speed 

* TTL compatible 

■ Input sensitivity — ±7 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages - ±5V 

■ Pin and function compatible with MC3430 and 
MC3432 


Connection Diagram 

Dual-In-Line Package 


Truth Table 


-IN B +IN B OUT 8 V EE OUTO *IN 0 -IN 0 



INPUT 

STROBE 

V|D>7mV 

L 

Ta = 0°C to +70°C 

H 

-7 mV<V| D <+7 mV 

L 

T a = 0° C to +70° C 

H 

V)D < —7 mV 

L 

Ta - 0°C to +70° C 

H 


OUTPUT 


DS3651 



-IN A *INA OUT A STB OUT C +IN C -INC GNO 
TOP VIEW 

Order Number DS1651J, DS1653J, DS3651J, 
DS3653J, DS3651N or DS3653N 
See NS Package J16A or N16A 


L = Low logic state 
H = High logic state 
Open = TRI-STATE 
X = Indeterminate state 


Typical Applications 


A Typical MOS Memory Sensing Application for a 4k word by 4-bit 
memory arrangement employing 1103 type memory devices 


200 I DATA BIT 3 


Note. Only 4 devices are required for a 4k word by 16-bit memory system. 
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DS1651/DS3651, DS1653/DS3653 


Absolute Maximum Ratings 

(Note 1) 


Power Supply Voltages 
V CC 
VEE 

Differential-Mode Input Signal Voltage 
Range, V|qR 

Common-Mode Input Voltage Range, V|£R 
Strobe Input Voltage, V | (s) 

Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 
‘Derate cavity package 10.1 mW/°C above 25° C; 
package 1 1 .8 mW/°C above 25°C. 


+ 6 Vqc 
±5 Vdc 
5.5 V DC 

-65° C to +150° C 

1509 mW 
1476 mW 
300° C 

derate molded 


Operating Conditions 


Supply Voltage (Vcc) 
DS1651 , DS1653 
DS3651 , DS3653 
Supply Voltage (Vee) 
DS1651, DS1653 
DS3651 , DS3653 
Operating Temperature (T/\) 
DS1651 , DS1653 
DS3651 , DS3653 
Output Load Current, Ool) 
Differential-Mode Input 
Voltage Range, V|qr 
Common-Mode Input 
Voltage Range (V|cr) 
Input Voltage Range (Any 
Input to GND) , (V |r) 


MIN 

MAX 

UNITS 

4.5 

5.5 

Vdc 

4.75 

5.25 

v dc 

-4.5 

-5.5 

v dc 

-4.75 

-5.25 

v dc 

-55 

+ 125 

°c 

0 

+70 

°c 


16 

mA 

-5.0 

+5.0 

V DC 

-3.0 

+3.0 

v dc 

-5.0 

+3.0 

v dc 


Electrical Characteristics 

VCC = 5 VdC< v EE = -5 Vqc, Min < Ty\ < Max, unless otherwise noted (Notes 2 and 3) 


PARAMETER 

Vis Input Sensitivity, (Note 5) 

(Common-Mode Voltage Range : 
— 3V<V| N <3V) 

Vio Input Offset Voltage 

l|B Input Bias Current 

I [ o Input Offset Current 

V|L(S) Strobe Input Voltage (Low State) 

V| H (S) Strobe Input Voltage (High State) 

1 1 L (S) Strobe Current (Low State) 

l|H(S) Strobe Current (High State) 


Voh Output Voltage (High State) 

Vol Output Voltage (Low State) 

ICEX Output Leakage Current 

!OS Output Current Short Circuit 

lOFF Output Disable Leakage Current 

• CC High Logic Level Supply Current 

I E E High Logic Level Supply Current 


CONDITIONS 


MIN TYP MAX UNITS 


Min < Vcc < Max 
Min > Vee > Max 


VcC = Max, Vee = Max 


Vcc = Max, 

VcC = Max, 
Vee ~ Max 

VcC = Min, 
Vee ~ Min 

Vcc = Min, 
Vee = Min 
VcC = Min, 
Vee = Min 

Vcc = Max, 
(Note 4) 

VcC ~ Max, 

Vcc = Max, 
Vcc = Max, 



Vee = 

Max, V 1 1 \ 

V IN 

= 2.4V 

V)N 

= Vcc 

V|N 

= 2.4V 

V IN 

= Vcc 

>0 = 

-400 pA 

•o = 

16 mA 

v 0 

Max 

v E e = 

Max, 

Vee = 

Max 

Vee = 

Max 

Vee = 

Max 
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DS3651 , DS3653 


DS1651, DS1653 
























































Switching Characteristics 

Vqq = 5 V0C, = — 5 V0C, Ta = 25° C unless otherwise noted. 



PARAMETER 

CONDITIONS 



High-to-Low Logic Level Propagation 


DS1651/ 

DS3651 

tPHL(D) 

Delay Time (Differential Inputs) 


DS1653/ 

DS3653 


Low-to-High Logic Level Propagation 


DS1651/ 

DS3651 

t PLH(D) 

Delay Time (Differential Inputs) 


DS1 653/ 
DS3653 

tPOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1 651 / 
DS3651 

tPHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tPOL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tPLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS1651/ 

DS3651 

tPHL(S) 

High-to-Low Logic Level 
Propagation Delay Time (Strobe) 

(Figure 2) 

DS1653/ 

DS3653 

tPLH(S) 

Low-to-High Logic Level 
Propagation Delay Time (Strobe) 

(Figure 2) 

DS1653/ 

DS3653 




TYP 

MAX 

UNITS 

23 

45 

ns 

22 

50 

ns 

22 

55 

ns 

24 

65 

ns 

16 

21 

ns 

■ 

18 

ns 

19 

27 

ns 

14 

29 

ns 

16 

25 

ns 

13 

25 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3651 , DS3653 and across the -55” C to +1 25° C 
range for the DS1651 , DS1653. All typical values are for T/\ = 25° C, Vqq = 5V and V^E = — 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required 
at the sense amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It is 
well known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and 
voltage gain. As a design convenience, the DS1 651 , DS1653 and DS3651 , DS3653 are specified to a parameter called input sensitivity ( V 1 3) . This 
parameter takes into consideration input offset currents and bias currents, and guarantees a minimum input differential voltage to cause a given 
output logic state with respect to a maximum source impedance of 200S2 at each input. 
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DS1651/DS3651, DS1653/DS3653 
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Schematic Diagrams 
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DS1651/DS3651, DS1653/DS3653 


Typical Applications (Continued) 


4-Bit Parallel A/D Converter 



Level Detector with Hysteresis 



Transfer Characteristics and Equations 
for Level Detector with Hysteresis 



V| N (VOLTS) 


20 = (A + B) (c + D) (E + F) (H + J) (K + L) (M + N) (7+ R) (S) 
2^= (B + D) (F+J) (L + N) (R) 

2^_= (D + J) (N) 

2 3 =J 

Conversion time a 50 ns 


V HIGH = V REF + 
v LOW " V REF + 


R2 tVQ(MAX) ~ VREF] 
R1 + R2 

R2 [ v O(MIN) - v ref) 


R1 + R2 


Hysteresis Loop (Vj-j) 

v h = Vhigh- v low : 


I v O(MAX) - v O(MIN)) 
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Memory Support 


DS1671/DS3671 Bootstrapped Two Phase MOS Clock Driver 


General Description 

The DS1671/DS3671 is a high speed dual MOS clock 
driver and interface circuit. Unique circuit design pro- 
vides both very high speed operation and the ability 
to drive large capacitive loads. The device accepts 
standard TTL outputs and converts them to MOS logic 
levels. It may be driven from standard 54/74 and 54S/ 
74S series gates and flip-flops or from drivers such as 
the DS8830 or DM7440. The circuit can be used in 
both P-channel and N-channel MOS memory system 
drive applications. 

The DS1671/DS3671 is intended to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for an 8k by 16-bit 
1 103 RAM memory system. 


Each driver uses output bootstrapping to provide a 
higher voltage to the output stage, thus eliminating the 
need for an additional V DD supply. The bootstrapping 
function is accomplished by connecting a small value 
capacitor (typically 200 pF) from each output to each 
drivers bootstrap node. 

Features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive-±1.5A 

■ TTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Swings to 0.4V of GND for RAM address drive 


Connection Diagrams 

Metal Can Package 



Dual-In-Line Package 

OUT 1 V + B2 OUT 2 



B1 INI V" IN 2 


TOP VIEW 

Order Number DS1671H or DS3671H Order Number DS1671J-8, DS3671J-8 


See NS Package H08C 

Typical Applications 


or DS3671N 

See NS Package J08A or N08A 


Dual-In-Line Package 



Order Number DS1671J 
or DS3671J 
See NS Package J14A 



•SEE GRAPH FOR VALUE N 

DS3671 Operating with Extra Supply Bootstrap Clock Driver Driven from a TTL Gate 

to Inhance Output Voltage Level 
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DS1671/DS3671 


Absolute Maximum Ratings (Note d 


V + — V” Differential 
Vb — V” Differential 
Vb — V + Differential 
Input Voltage (V|fg — V") 

Input Current 
Peak Output Current 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
Maximum Power Dissipation* at 25°C 
Cavity Package (8-Pin) 

Cavity Package (14-Pin) 

Molded Package 

Metal Can (TO-5) Package 

Electrical Characteristics 


PARAMETER 


V, H Logical "1" Input Voltage 


i H Logical "1" Input Current 


V| L Logical "0" Input Voltage 


i L Logical "0" Input Current 


V OH Logical “I" Output Voltage 


V OL Logical "0" Output Voltage 


Bootstrap Control Resistor 


Iccion) Supply Current One Side 
"ON" 


ccioff) Supply Current "OFF" 


22V 
40V 
20V 
5.5V 
100 mA 
1.5A 

-65°C to +150°C 
300° C 

1150 mW 
1380 mW 
1040 mW 
660 mW 

(Notes 2 and 3) 


CONDITIONS 


V~ = 0V . 


V IN - V' = 2.4V 


V = ov 


V| N -V' = 0V 


V B > V + + 1 .0V, V| N - V' s 0.4V, 
l Q = 0 mA 


V IN - V' = 2 4V, l 0 = 0 mA 


V + - V' = 20V, V IN - V' = 2.4V, 
V B = V + 


V + - V” = 20V, V.m - V” = 0V 


Operating Conditions 

MIN MAX UNITS 

Supply Voltage 

V + — V Differential - 20 V 

Vb — V" Differential 40 V 

Vb — V + Differential 20 V 

Operating Temperature Range 

DS3671 0 +70 °C 

DS1671 ' -55 +125 °C 

'Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 
14-pin cavity package 9.3 mW/°C above 25°C; derate molded 
package 8.4 mW/°C above 25°C; derate metal can (TO-5) pack- 
age 4.4 mW/°C above 25°C. 



Switching Characteristics t a = 25°c, v + = 2ov, v~ 


PARAMETER 


CONDITIONS 


tpdo Propagation Delay to a R D = 10S2, C L = 1000pF 

Logical "0" 


tpdi Propagation Delay to a R D = 10J2, C L = 1000 pF 

Logical "1" 


R d = 1022 


R d = 1022 




MAX 

UNITS 

15 

ns 

15 

ns 

35 

ns 

40 

ns 

40 

ns 

50 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1671 and across the 
0°C to +70°C range for the DS3671. All typicals at 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Typical Performance Characteristics 


Input Current vs 
Input Voltage 



- 1.0 - 0.5 0 0.5 1.0 1.5 2.0 2.5 

(V, N - V) - INPUT VOLTAGE (V) 


Turn-On and Turn-Off Time 
vs Temperature 











y 













2 
























v cc 







1 1 1 


-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 
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Fall Time vs Load Capacitance 



0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 

































































































Typical Performance Characteristics (Continued) 


Output Pulse Width When 
Controlled Only by Input 

Rise Time vs Load Capacitance Coupling Capacitor 



LOAD CAPACITANCE (pF) C, N - INPUT CAPACITANCE (pF) 


AC Test Circuit and Switching Time Waveforms 


♦20V 



tpvy * 400 ns 
FREQUENCY * 1 MH* 


Node Voltage Waveforms 


Typical Applications (Continued) 


BOOTSTRAP 




OS3671 Connected as DS0026 
with Equivalent Characteristics 


Note 1: The fall time has an exponential decay with the following time constant: t B = C B R 0 . 
The range of values for R 8 (resistor tolerance, and temperature coefficient included) can be 
found in the table of electrical characteristics. 

Note 2: The high current transient (as high as 1.5 A) through the resistance of the external 
interconnecting V lead during the output transition from the high state to the low state can 
appear as negative feedback to the input. If the external interconnecting lead from the driving 
circuit to V" is electrically long, or has significant DC resistance, it can subtract from the 
switching response. 



Typical Bootstrap 
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National 

Semiconductor 


Memory Support 

PRELIMINARY 


DS3685 Hex TRI-STATE® Latch 


General Description 

The DS3685 is a hex latch. PNP input transistors are used 
to reduce input currents, allowing large fan-out to these driv- 
ers. The circuit has Schottky-clamped transistor logic for 
minimum propagation delay, and TRI-STATE outputs which 
allow bus operation. 

The circuit employs a fall-through latch which captures the 
data in parallel with the output, thereby eliminating the delay 
normally encountered in other latch circuits. 

TRI-ST ATE# is a registered trademark of National Semiconductor Corp. 


Logic and Connection Diagrams 


Features 

■ TTL/LS compatible inputs 

■ PNP inputs minimize loading 

■ TRI-STATE outputs 

■ Fall-through latch design 

■ Minimum skew 



Dual-ln-Line Package 


| OUT 

I V<X DSBL DATA F Qf DATA E Of 




Q- Qf 


IN DATA A 
ENBl 


Order Number DS3685J or DS3685N 
See NS Package J16A or N16A 


Truth Table 


Input 

Enable 

Output 

Disable 

Data 

Output 

Operation 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-Z 

High Impedance Output 


X = don't care 

Hi-Z = TRI-STATE mode 
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DS3685 


Absolute Maximum Ratings (Note d 

Supply Voltage, Vcc 7V 

Logical “1” Input Voltage 7V 

Logical “0” Input Voltage -1.5V 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1433 mW 

Molded Package 1362 mW 

* Derate cavity package 9.6 mW/°C above 25°C; derate 
molded package 10.9 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

Min 

Supply Voltage (Vcc) 4.5 

Temperature (Ta) 0 


Parameter 

Vin(I) 

Logical "1” Input Voltage 

V| N (0) 

Logical “0” Input Voltage 

Iin(1) 

Logical "1” Input Current 

Iin(O) 

Logical "0” Input Current 

V CLAMP 

Input Clamp Voltage 

•os 

Output Short-Circuit Current 

VOH 

Logical "T” Output Voltage 

VOL 

Logical “0” Output Voltage 

Ihz 

TRI-STATE Output Current 

Icc 

Power Supply Current 


Min | Typ | Max Units 


V| N = 0.5V, Vcc = Max 



Vcc == Min, Ijn ~ — 18 mA 


Vcc = Max, V 0 UT = ov, (Note 4) 


Ioh = mA 

Vcc = Min ' 

l OH =-10jaA 


Iql = 20 mA 


Iql = 10 pA 


V 0 UT = 0.4V to 2.4V, Output Disable = 2V 


Vcc = Max. All Inputs = 3V = 0V, Enable = 3V 


Switching Characteristics Vcc = 5V, Ta = 25°C, unless otherwise noted. 


Parameter 

IPHL 

Propagation Delay Time 
Low-to-High Level Output 

tpLH 

Propagation Delay Time, \ 

High-to-Low Level Output 

*PHL 

Propagation Delay Time, 
Low-to-High Level Output 

IPLH 

Propagation Delay Time, 
High-to-Low Level Output 

tSET-UP 

Set-Up Time on Data Input 
Before Input Enable Goes Low 

•hold 

Hold Time on Data Input 
After Input Enable Goes Low 

<ZL 

Delay from Disable Input to 
Logical “0” Level (from High 
Impedance State) 

»ZH 

Delay from Disable Input to 
Logical “1" Level (from High 
Impedance State) 

tLZ 

Delay from Disable Input to 
High Impedance State (from 
Logical “0” Level) 

Ihz 

Delay from Disable Input to 
High Impedance State (from 
Logical "1" Level) 


Conditions 


Cl = 15 pF, Rl = 280H, (Figures land 2) 


Cl = 15 pF, Rl = 2800, (Figures 1 and 2) 


Cl = 50 pF, Rl = 2800, (Figures 1 and 2) 


Cl = 50 pF, Rl = 2800, (Figures 1 and 2) 



Cl = 15 pF, (Figures 1 and 3) 


Cl = 15 pF, (Figures 1 and 3) 


Cl = 15 pF, (Figures 1 and 4) 


Cl = 15 pF, (Figures 1 and 4) 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C range for the DS3685. All typical values are for Ta = 25°C and Vcc = 5V. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: Only one output should be shorted at one time. 
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AC Test Circuit and Switching Time Waveforms 





TL/F/5220-6 


Input characteristics: PRR £ 1 MHz, Zout = 50n,t r £ 2.5 ns, tf £ 2.5 ns. 

FIGURE 3 FIGURE 4 


Operating Waveforms 



•When the Input Enable makes a positive transition the output will be indeterminate for a short duration. 
The positive transition of the Input Enable normally occurs during a don't-care timing state at the output. 
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DS16149/DS36149, DS16179/DS36179 


Semiconductor 


Memory Support 


DS16149/DS36149, DS16179/DS36179 Hex MOS Drivers 


General Description 


The DS16149/DS36149 and DS16179/DS36179 are 
Hex MOS drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the outputs 
in the logic "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in the logic "1" state during refresh. 

The DS16149/DS36149 has a 15 £2 resistor in series with 
the outputs to dampen transients caused by the fast- 


switching output. The DS16179/DS36179 has a direct 
low impedance output for use with or without an 
external resistor. 


Features 

■ High speed capabilities 

• Typ 9 ns driving 50 pF 

• Typ 29 ns driving 500 pF 

■ Built-in 15 £2 damping resistor (DS16149/DS36149) 

■ Same pin-out as DM8096 and DM74366 


Schematic Diagram 



DS16149/DS36149 only. 


Connection Diagram 


Dual-ln-Line Package 


Truth Table 



D IS 1 INI OUT 1 IN 2 OUT 2 IN 3 OUT 3 GN0 
TOP VIEW 

Order Number DS16149J, DS36149J, DS16179J, 
DS36179J, DS36149N or DS36179N 
See NS Package J16A or N16A 


DISABLE INPUT j 

INPUT 

DIS 1 

DIS 2 

0 

0 

0 

0 

0 

1 

0 

1 

X 

1 

0 

X 

1 

1 

X 


X = Don't care 



6-62 
















Absolute Maximum Ratings (Note 1) 


Operating Conditions 


Supply Voltage 7.0V 

Logical "1" Input Voltage 7.0V 

Logical "0" Input Voltage —1.5V 

Storage Temperature Range —65 C to +150 C 

Maximum Power Dissipation* at 25 C 

Cavity Package 1371 mW 

Molded Package 1 280 mW 

Lead Temperature (Soldering, 10 seconds) 300 C 

•Derate cavity package 9.1 mW/ C above 25 C; derate molded 
package 10.2 mW/°C above 25°C. 

DC Electrical Characteristics (Notes 2 and 3) 


Supply Voltage (V^c) 

Temperature (T/\) 
DS16149, DS16179 
DS36149, DS36179 


PARAMETER 

V|N(1) 

Logical "1" Input Voltage 

V|N(0) 

Logical “0" Input Voltage 

'IN(I) 

Logical "1" Input Current 

'lN(O) 

Logical "0" Input Current 

VCLAMP 

Input Clamp Voltage 

VOH 

Logical "1" Output Voltage 
(No Load) 

VOL 

Logical "0" Output Voltage 
(No Load) 

VOH 

Logical "1" Output Voltage 
(With Load) 

VOL 

Logical "0" Output Voltage 
(With Load) 

• id 

Logical "1" Drive Current 

'OD 

Logical "0" Drive Current 

'cc 

Power Supply Current 


CONDITIONS 



VcC = 5.5V V||\| = 5.5V 


VCC = 5.5V V|n = 0.5V 


Vcc = 4.5V 1 1/\| = —1 8mA 


V C C = 4.5V 


V C C = 4.5V 


Iqh = -IO^iA 


Iql= 10/iA 


Vcc = 4.5V loH = _10mA 


Vcc = 4.5V lQL = 20mA 


DS16149/DS16179 


DS36149/DS36179 


DS16149/DS16179 


DS36149/DS36179 


DS16149 


DS16179 


DS36149 


DS36179 


DS16149 


DS16179 


DS36149 


DS36179 


Vcc = 4.5V VquT = 0V, (Note 4) 


VCC = 4.5V VquT = 4.5V, (Note 4) 


Disable Inputs = 0V 
All Other Inputs - 3V 


All Inputs = 0V 


Vqc = 5.5V 



Switching Characteristics <v C c = 5v,ta = 25°c) (Note 4) 


PARAMETER 


tg+_ Storage Delay Negative Edge 


ts— + Storage Delay Positive Edge 


C L = 50 pF 


Cl = 500 pF 


Cl = 50pF 


Cl = 500 pF 


Cl = 50 pF 


C L = 500 pF 


tLH Delay from Disable Input Rl = 2 k£2 to Gnd, Cl = 50 pF, (Figure 2) 

to Logical “1" 


tHL Delay from Disable Input Rl = 2 kf2 to Vcc. Cl = 50 pF, {Figure 3) 

to Logical "0" 


(Figure 1) 


(Figure 1) 


(Figure 1) 


(Figure 1) 


CONDITIONS 


Cl = 50 pF 


Cl = 500 pF 
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Notes 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits'apply across the -55°C to +125°C temperature range for the DS16149 and DS16179 and 
across the 0°C to +70°C range for the DS36149 and DS36179. All typical values are for Ta = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 n resistor should be placed in series 
with each output. This resistor is internal to the DS16149/DS36149 and need not be added. 


AC Test Circuits and Switching Time Waveforms 


ts+— *S— +■ *R< l F 



FIGURE 2 

t HL 



FIGURE 3 

internal on DS16149and DS36149 

Note 1: The pulse generator has the following characteristics: ZquT = 50fiand PRR < 1 MHz, Rise and fall times between 10% and 90% points 
< 5 ns. 

Note 2: C[_ includes probe and jig capacitance. 
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Typical Application 
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DS55325/DS75325 


National 

Semiconductor 


Memory Support 


DS55325/DS75325 Memory 

General Description 

The DS55325 and DS75325 are monolithic mem- 
ory drivers which feature high current outputs as 
well as internal decoding of logic inputs. These cir- 
cuits are designed for use with magnetic memories. 

The circuit contains two 600 mA sink-switch 
pairs and two 600 mA source-switch pairs. Inputs 
A and B determine source selection while the 
source strobe ( S ^ ) allows the selected source turn 
on. In the same manner, inputs C and D determine 
sink selection while the sink strobe (S 2 ) allows the 
selected sink turn on. 

Sink-output collectors feature an internal pull-up 
resistor in parallel with a clamping diode connected 
to V CC2 . This protects the outputs from voltage 
surges associated with switching inductive loads. 

The source stage features Node R which allows 
extreme flexibility in soufce current selection by 
controlling the amount of base drive to each source 
transistor. This method of setting the base drive 
brings the power associated with the resistor out- 
side the package thereby allowing the circuit to 


Drivers 


operate at higher source currents for a given 
junction temperature. If this method of source 
current setting is not desired, then Nodes R and 
Ri NT can be shorted externally activating an 
internal resistor connected from V CC2 to Node R. 
This provides adequate base drive for source 
currents up to 375 mA with V CC2 = 15V or 
600 mA with V CC2 - 24V. 

The DS55325 operates over the fully military 
temperature range of ~55°C to +125°C, while the 
DS5325 operates from 0°C to +70°C. 

Features 

■ 600 mA output capability 

■ 24V output capability 

■ Dual sink and dual source outputs 

■ Fast switching times 

■ Source base drive externally adjustable 

■ Input clamping diodes 

■ TTL compatible 


Schematic and Connection Diagrams 


Dual-In-Line Package 




Order Number DS55325J, DS75325J, 
or DS75325N 

See NS Package J14A or N14A 


Truth Table 


ADDRESS INPUTS STROBE INPUTS 



OFF OFF OFF ON 
OFF OFF OFF OFF 
OFF OFF OFF OFF 


H = high level, L = low level, X = irrelevant 

NOTE: Not more than one output is to be on at any one time. 
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Absolute Maximum Ratings (Notei) Operating Conditions 


Supply Voltage Vcci (Note 5) 

7V 

Temperature (T^) 

MIN 

MAX 

UNITS 

Supply Voltage Vcc2 (Note 5) 

25V 

DS55325 

-55 

+ 125 

°C 

Input Voltage (Any Address or Strobe Input) 
Storage Temperature Range 
Maximum Power Dissipation* at 25 C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 

5.5V 

— 65°C to +1 50°C 

1 509 mW 
1476 mW 
300°C 

DS75325 

0 

+70 

°c 


'Derate cavity package 10.1 mW/ C above 25 C; derate molded 
package 1 1 .8 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

WMM 

UNITS 

V | H High Level Input Voltage 

(Figures 1 and 2) 

2 



V 

V | L Low Level Input Voltage 

(Figures 3 and 4) 



0.8 

V 

V| Input Clamp Voltage 

Vcci = 4.5V, V CC2 = 24V, l ^ = — 12 m A, 
T a = 25°C, (Figure 5) 


-1.3 

-1.7 

V 

l OFF Source Collectors Terminal 

"OFF" State Current 

Vcci “4.5V, V cc2 -24V, 
( Figure 1) 

Full Range 
1 

DS55325 



500 

pa 

DS75325 



200 

pA 


DS55325 


3 

150 

pA 

DS75325 


3 

200 

pA 

Vq h High Level Sink Output Voltage 

Vcci “ 4.5V , V CC2 - 24V, Iqut - 0» (Figure 2) 

19 

23 


V 

Vsat Saturation Voltage Source 

Outputs 

Vcci = 4.5V, V CC2 = 15V, 
R u . = 24f2, 

(source % - 600 mA, 
(Figure 3), (Notes 4 and 6) 

Full Range 



0.9 

V 

m 

DS55325 


0.43 

0.7 

V 

DS75325 


0.43 

0.75 

V 

Vsat Saturation Voltage Sink Outputs 

V CC i = 4.5V, V CC2 = 15V, 
R l = 24H, 

(sink % 600 mA, (Figure 4), 
(Notes 4 and 6) 

Full Range 



0.9 

V 

m 

DS55325 


0.43 

0.7 

V 

DS75325 


0.43 

0.75 

V 

li Input Current at Maximum 

Input Voltage 

Vcci = 5.5V, V CC 2 = 24V, 
V, = 5.5V, (Figure 5) 

Address Inputs 



1 

mA 

Strobe Inputs 



2 

mA 

l m High Level Input Current 

V CC1 = 5.5V, V CC2 = 24V, 
V, = 2.4V, (Figure 5) 

Address Inputs 


3 

40 

PA 

Strobe Inputs 


6 

80 

P A 

I| L Low Level Input Current 

V CC1 = 5.5V. V CC2 = 24V, 
V, = 0.4V, (Figure 5) 

Address Inputs 


-1 

-1.6 

mA 

Strobe Inputs 


-2 

-3.2 

mA 

l cc off Supply Current, All Sources and 

Sinks "OFF" 

V CC i = 5.5V, V CC2 = 24V, 
T a = 25°C, (Figure 6) 

Vcci 


14 

22 

mA 

VpC2 


7.5 

20 

mA 

l c pi Supply Current From V CC1 , 

Either Sink "ON" 

Vcci “ 5.5V, V cc2 = 24V, Isink = 50 mA, 
T A = 25°C, (Figure 7) 


55 

70 

mA 

Icc 2 Supply Current From V CC2 , 

Either Source "ON" 

Vcci = 5.5V, V cc 2 = 24V, Isource = ~50 mA, 
T a = 25° C, (Figure 8) 


32 

50 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS55325 and across the 0°C to 
+70°C range for the DS75325. All typical values are at T/^ = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5:Voltage values are with respect to network ground terminal. 

Note 6: These parameters must be measured using pulse techniques, tyy = 200ms, duty cycle < 2%. 
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Switching Characteristics <v cc1 = sv. t a = 25°o 


PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t PLH Propagation Delay Time, Low-to-High 

Level Output 

V cc 2 = 15V, R l =240, 
C L = 25 pF, (Figure 9) 

Source Collectors 


25 

50 

ns 

Sink Outputs 


20 

45 

ns 

tp H L Propagation Delay Time, High-to-Low 

Level Output 

V CC 2 = 15V, R l = 240, 
C L = 25 pF, (Figure 9) 

Source Collectors 


25 

50 

ns 

Sink Outputs 


20 

45 

ns 

t-pLH Transition Time, Low-to-High 

Level Output 

C L =25 pF 

Source Outputs, V CC2 = 20V, 
R u = 1 kO, (Figure 10) 


55 


ns 

Sink Outputs, V CC2 = 15V, 
R L =240, (Figure 9) 


m 

15 

ns 

t-rHL Transition Time, High-to-Low 
Level Output 

C L =25 pF 

BSEHHEB 


m 


ns 

Sink Outputs, V cc2 = 15V, 
R l = 240, (Figure 9) 


9 

20 

ns 

t s Storage Time, Sink Outputs 

V CC 2 = 15V, R l = 240, C L = 25 pF, (Figure 9) 


15 

30 

ns 



























































DC Test Circuits (Continued) 





Note 1 : Figures 3 and 4 parameters must he measured using pulse techniques. tw = 200, -S, duty cycle ■_* 2%. 

TEST TABLE TEST TAI 


B SI W 




FIGURE 3 . V|l and Source VsaT 


S2 

IB 

z 

0.8V 

Rl 

OPEN 


FIGURE 4 . V|l and Sink VgAT 




APPLY V, = 5.5V 
MEASURE l| 
APPLY V, = 2.4V 
MEASURE l| H 
A 

51 

B 

C 

52 

D 


GROUND APPLY 5.5V 


B, C, S2, D 
C, S2, D 
A, C, S2, D 
A, SI, B, D 
A, SI, B 
A. SI, B, C 


APPLY V, = 0.4V, 
MEASURE l| L 
APPLY I, = -10 mA, 
MEASURE V t 


SI, B, C, S2, D 
A, B, C, S2, D 
A, SI, C, S27d 
A, SI, B, S2, D 
A, SI, B, C, D 
A. SI, B, C, S2 


FIGURE 5. V|, 1 1 , l|n, and In 
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PARAMETER 

OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 

t T LH a nd iTH L 

Source output W 

A and SI 

B, C, D, and S2 

Source output X 

B and SI 

A, C, D, and S2 


FIGURE 10. Transition Times of Source Outputs 
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Applications 

External Resistor Calculation 

Atypical magnetic-memory word drive requirement 
is shown in Figure 11. A source-output transistor 
of one DS75325 delivers load current (l L ). The 
sink-output transistor of another DS75325 sinks 
this current. 

The value of the external pull-up resistor (R ext ) 
for a particular memory application may be de- 
termined using the following equation: 


16 [V c 


Ve-2.2] 


Il- 1-6 [V C c2(m in )-Vs-2.9] 


( 1 ) 


where: R ext is in k£2, 

V C c2(min) is the lowest expected value of 
V cc2 ' n volts, V s is the source output volt- 
age in volts with respect to ground, l L is in 
mA. 

The power dissipated in resistor R ext during the 
load current pulse duration is calculated using 
Equation 2. 


PRext ^77 [ V CC2(min) V S 2] (2) 

16 


where: P Rext is in mW. 


After solving for R ext , the magnitude of the source 
collector current (l cs ) is determined from Equa- 
tion 3. 


Ics ^0.94 l L 

where: l cs is in mA. 


( 3 ) 


As an example, let V CC2 ( min ) = 20V and V L = 3V 
while l L of 500 mA flows. Using Equation 1 : 


16 (20-3-2.2) 

Rext = 

500- 1.6(20- 3-2.9) 

and from Equation 2: 

500 


= 0.5 kft 


16 


[20-3-2] % .470 mW 


The amount of the memory system current source 
(l cs ) from Equation 3 is: 

l cs = 0.94 (500) =470 mA 

In this example the regulated source-output tran- 
sistor base current through the external pull-up 
resistor (R ext ) and thesource gate is approximately 
30 mA. This current and l cs comprise l L . 


Vcc* 



Nate 1: For clarity, partial logic diagrams of two DS55325'$are shown. 
Note 2: Source and sink shown are in different packages. 

FIGURE 11. Typical Application Data 
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Semiconductor 


Memory Support 


DS75361 Dual TTL-to-MOS Driver 


General Description 


The DS75361 is a monolithic integrated dual TTL-to- 
MOS driver interface circuit. The device accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels for driving MOS circuits. It is used 
to drive address, control, and timing inputs for several 
types of MOS RAMs including the 1103 and MM5270 
and MM5280. 

The DS75361 operates from standard TTL 5V supplies 
and the MOS V ss supply in many applications. The 
device has been optimized for operation with V CC2 
supply voltage from 16V to 20V; however, it is designed 
for use over a much wider range of V CC2 . 


Features 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ V CC2 supply voltage variable over wide range to 24V 

■ Diode-clamped inputs 

■ TTL compatible 

■ Operates from standard bipolar and MOS supplies 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Connection Diagram 


Dual-ln-Line Package 



Order Number DS75361J-8 or DS75361N 
See NS Package J08A or N08A 
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Absolute Maximum Ratings (Noteij 


Supply Voltage Range of Vqo (Note 1) -0.5V to 7V 

Supply Voltage Range of Vcc2 -0.5V to 25V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range -65°C to +150°C 

Maximum Power Dissipation* at 25° C 

Molded Package 1022 mW 

Lead Temperature 1/16 Inch from Case for 

60 Seconds: J Package 300°C 

Lead Temperature 1/16 Inch from Case for 

10 Seconds: N or P Package 200° C 

’Derate molded package 8.2 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcci) 

4.75 

5.25 

V 

Supply Voltage (Vcc2> 

4.75 

24 

V 

Operating Temperature (T A ) 

0 

+70 

°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V, H High-Level Input Voltage 


2 



V 

V, L Low-Level Input Voltage 




0 8 

V 

V, Input Clamp Voltage 

!| = —12 mA 



-1.5 

V 

V 0 h High-Level Output Voltage 

V IL = 0.8V, l OH = -50pA 

VcC2 1 

Vcc2 _ 0.7 


V 

V IL = 0.8V, l OH = “10 mA 


Qy 


V 

V OL Low-Level Output Voltage 

V | H = 2V, l OL = 10 mA 


0.15 

0.3 

V 

V c c 2 = 15V to 24 V, V , H = 2V, 
Iql = 40 mA 


0.25 

0.5 

V 

V Q Output Clamp Voltage 

V, = 0V, l OH = 20 mA 



Vcc2 + 1 -5 

V 

1, Input Current at Maximum Input Voltage 

V, = 5.5V 



1 

mA 

l,H High-Level Input Current 

V, = 2.4V 

A Inputs 



40 

pA 

E Input 



80 

pA 

li L Low-Level Input Current 

m 

A Inputs 


-1 

-1.6 

mA 

E Input 


-2 

-3.2 

mA 

Icckh) Supply Current from V CC1 , Both 

Outputs High 

Vcci = 5.25V, V cc2 = 24V, 
All Inputs at 0V, No Load 


2 

4 

mA 

'cc 2 ihi Supply Current from V CC2 , Both 

Outputs High 



0.5 

mA 

Icckl) Supply Current from V CC1 , Both 

Outputs Low 

V cc ,= 5.25V, V C c 2 = 24V, 
All Inputs at 5V, No Load 


16 

24 

mA 

I C C2(L) Supply Current from V CC2 , Both 

Outputs Low 


7 

1 1 

mA 

I C C2(S) Supply Current from V CC2 , 

Stand-by Condition 

Vcci = 0V, V C C 2 = 24V, 

All Inputs at 5V, No Load 



0.5 

mA 


Switching Characteristics (v cc1 = sv, v CC2 = 2 ov, t a = 25°c> 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t DLH Delay Time, Low-to-High Level Output 

C L = 390 pF, 
R d = 10S2 
(Figure 1) 


11 

20 

ns 

t D H l Delay Time, High-to-Low Level Output 


10 

18 

ns 

t TLH Transition Time, Low-to-High Level Output 


25 

40 

ns 

Ithl Transition Time, High-to-Low Level Output 


21 

35 

ns 

t PLH Propagation Delay Time, Low-to-High Level Output 

10 

36 

55 

ns 

t PHL Propagation Delay Time, High-to-Low Level Output 

10 

31 

47 

ns 


Notel: "Absolute Maximum Ratings" are those values beyond, which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75361. All typical values are for T A = 25°C 
and Vqci = 5V and VqC2 = 20V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between the A input of either driver and the common E input. 

— 








































































































Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 



Low-Level Output Voltage vs 
Output Current 



0 20 40 60 80 100 

LOW-LEVEL OUTPUT CURRENT (mA) 


Voltage Transfer Characteristics 



■ 

■ 


■ 

Bi 

■ 

SI 

■ 


■ 

■ 

m 

■ 

■ 



■ 

■ 

■ 



■ 

■ 

■ 


■ 

■ 

■ 


0.5 1 1.5 2 

INPUT VOLTAGE (V) 


Total Dissipation (Both Drivers) 
vs Frequency 


Propagation Delay Time, 
Low-to-High Level Output 
vs Ambient Temperature 


Propagation Delay Time, 
High-to-Low Level Output 
vs Ambient Temperature 



FREQUENCY (MHz) 


AMBIENT TEMPERATURE fC) 


Propagation Delay Time, 
Low-to-High Level Output 
vs V[jC2 Supply Voltage 



0 4 8 12 18 20 24 


SUPPLY VOLTAGE (V) 


a. o 



Propagation Delay Time, 
High-to-Low Level Output 
vs Vcc2 Supply Voltage 



0 4 8 12 16 20 24 

SUPPLY VOLTAGE (V) 


40 

1 35 
h 30 

2 S 25 

z > 20 

11 ,s 
2 6 10 
o i- 
£ 1 

°- ca 5 
a: 

0 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 








c 







□ 

Cl 

■39 

OpF 







nr 

= 200 pF 


















. = 50 










Vcci = 

V 





V CC2 " 

- B D = 10 
(FIGUR 

ov 






-1) 







«5 



Propagation Delay Time, 
Low-to-High Level Output 
vs Load Capacitance 



0 100 200 300 400 500 600 

LOAD CAPACITANCE (pF) 



Propagation Delay Time, 
High-to-Low Level Output 
vs Load Capacitance 



0 100 200 300 400 500 600 


LOAD CAPACITANCE (pF) 
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DS75361 


Schematic Diagram (1/2 shown) 


Vcci Vcc 



AC Test Circuit and Switching Time Waveforms 




Note 1: The pulse generator has the following characteristics: PRR * 1 MHz, Zqut * 5Qn. 
Note 2: C L includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 
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Typical Applications 

The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 


overshoot. The optimum value of the damping resistor 
to use depends on the specific load characteristics and 
switching speed. A typical value would be between 10£2 
and 30fZ (Figure 3). 



FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM 


P DS75361 I I MOS I 

! 1 SYSTEM 

£=D44ihj 

I I l_‘_TJ 

Note: Rp % 1012 to 3012 (Optional). 


FIGURE 3. Use of Damping Resistor to Reduce 
or Eliminate Output Transient Overshoot in 
Certain DS75361 Applications 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75361 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75361 as a function of load capacitance and 
frequency. Average power dissipated by this driver can 
be broken into three components: 

Pt<AV) = P DC(AV) + Pc(AV) + Ps(AV) 

where P DC (av) is the steady-state power dissipation with 
the output high or low, P C(AV) is th e power level during 
charging or discharging of the load capacitance, and 
P S (av) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

PLt L +PHt H 
Pdc(av) ~ J 

Pc(AV) ~ C V c 2 f 

„ PL H t(_H "^Ph L^H L 

Ps(AV) " j 

where the times are as defined in Figure 4. 

p L , Ph. Plh. ar| d Phl are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75361 is so designed that P s is a negligible por- 
tion of P T in most applications. Except at very high 
frequencies, t L + t H » t LH + t HL so that P s can be 


neglected. The total dissipation curve for no load demon- 
strates this point. The power dissipation contributions 
from both channels are then added together to obtain 
total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identi- 
cally with C = 200 pF, f = 2 MHz, V CC1 = 5V, V CC2 = 
20V, and duty cycle = 60% outputs high (t H /T = 0.6). 
Also, assume V OH = 19.3V, V OL = 0.1V, P s is negligible, 
and that the current from V cc2 is negligible when the 
output is high. 


On a per-channel basis using data sheet values: 


Pdc(av) - | 

[ (5V) 

m 

+ (20V) 

(T)l 


[(5V) j 

'16 mA' 

\ + (20V) 

(^)l 


i 2 , 

I 

V 2 /J 


P DC (av) = 47 mW per channel 
P c(A v) * (200 pF) (19.2V) 2 (2 MHz) 

P C (av) ** 148 mW per channel. 

For the total device dissipation of the two channels: 
Pt(av) ~2 (47 + 148) 

P T (av) ~ 390 mW typical for total package. 
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DS75362 


National 
Semiconductor 

DS75362 Dual TTL-toMOS Driver 



Memory Support 


General Description 

The DS75362 is a dual monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels suitable for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS R AMs including the 1 1 03. 

The DS75362 operates from the TTL 5V supply and the 
MOS V ss and V BB supplies in many applications. This 
device has been optimized for operation with V cc2 
supply voltage from 16V to 20V, and with nominal 
V cc3 supply voltage from 3V to 4V higher than V CC2 . 
However, it is designed so as to be usable over a much 
wider range of V CC2 and V CC3 , In some applications the 
V cc3 power supply can be eliminated by connecting the 
V C c 3 P'n to the V CC2 pin. 


Features 

■ Dual positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ V CC2 supply voltage variable over wide range to 24V 
maximum 

■ V cc3 supply voltage pin available 

■ V cc3 pin can be connected to V CC2 pin in some 
applications 

■ TTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Schematic and Connection Diagrams 



Dual-In-Line Package 



Order Number DS75362J-8 or DS75362N 
See NS Package J08A or N08A 
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Absolute Maximum Ratings (Note d 

Supply Voltage Range of Vcci —0.5V to 7V 

Supply Voltage Range of Vcc2 —0.5V to 25V 

Supply Voltage Range of Vcc3 —0.5V to 30V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range — 65°C to +150°C 

Maximum Power Dissipation* at 25 C 

Molded Package 1022 mW 

Lead Temperature (Soldering, 10 seconds) 300 C 

•Derate molded package 8.2 mW/°C above 25°C. 


Operating Conditions 

MIN 

MAX 

UNITS 

Supply Voltage (Vcci) 

4.75 

5.25 

V 

Supply Voltage (Vcc2) 

4.75 

24 

V 

Supply Voltage (Vcc3> 

V CC2 

28 

V 

Voltage Difference Between 
Supply Voltages: Vcc3- v CC2 

0 

10 

V 

Operating Ambient Temperature 
Range (T/\> 

0 

70 

°c 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V IH 

High-Level Input Voltage 


2 



V 

V,L 

Low-Level Input Voltage 




0.8 

V 

V, 

Input Clamp Voltage 

l, = — 12mA 



-1.5 

V 

Voh 

High-Level Output Voltage 

Vcc3 = Vcc2 + 3V, V, l = 0.8V, 1 o h = ~“100/iA 

Vcc2 — 0.3 

Vcc 2 — 0.1 


V 



Vcc3 = Vcc2 + 3V, V| L = 0.8V, Iqh = - 10 mA 

Vcc2 — 1-2 

V C c2-0.9 


V 



Vcc3 = Vcc2- V|l = 0.8V, l OH = — 50/iA 

VcC2~1 

Vccz-0.7 


V 



Vqc3 = Vqc2* V| L = 0.8V, Iqh = —10 mA 

SSfESl 

V cc 2 — 1 -6 


V 

VoL 

Low-Level Output Voltage 

V | H = 2V, l OL = 10 mA 


0.15 

0.3 

V 



V CC 3 = 1 5V to 28V, V IH = 2V, l 0L = 40 mA 


0.25 

0.5 

V 

Vo 

Output Clamp Voltage 

V, =0V, l OH = 20 mA 



VcC2'*’ ^ 

V 

l| Input Current at Maximum 

Input Voltage 

V, = 5.5V 



i 

mA 

— 

High-Level Input Current 

V, = 2.4V 



40 

MA 

SB 

Low-Level Input Current 

V, = 0.4V 


-1 

-1.6 

mA 

•cCKH) 

Supply Current from V CC1 , 
All Outputs High 



2 

4 

mA 

)cc2(h) 

Supply Current from Vrr?. 

V CC1 = 5.25V, V CC2 = 24V, 


-1.1 

+0.25 

mA 


All Outputs High 

V C c 3 = 28V, All Inputs at 0V, No Load 


-1.1 

-1.6 

mA 

ICC3(H) 

Supply Current from V cc3 , 
All Outputs High 



1.1 

1.8 

mA 

•ccKL) 

Supply Current from V CC1 , 
All Outputs Low 



15 

23.5 

mA 

•CC2(L) 

Supply Current from V CC2 , 
All Outputs Low 

V CC1 = 5.25V, V CC2 = 24V, 

V CC3 = 28V, All Inputs at 5V, No Load 



1.5 

mA 

ICC3(L) 

Supply Current from V cc3 , 
All Outputs Low 



8 

12.5 

mA 

)cc2(hi 

Supply Current from V CC2 , 
All Outputs High 

V CC i = 5.25V, V CC2 = 24V, 



0.25 

mA 

•cc3(h) 

Supply Current from V CC3 , 
All Outputs High 

V cc 3 = 24V, All Inputs at 0V, No Load 



0.5 

mA 

( CC2(S) 

Supply Current from V CC2 , 
Stand-by Condition 

V CC i = 0V, V CC2 = 24V, 



0.25 

mA 

•ccaisi 

Supply Current from V CC3 , 
Stand-by Condition 

V CC 3 = 24V, All Inputs at 5V, No Load 



0.5 

mA 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75362. All typical values are for T/\ =25°C 
and Vcci = 5V and Vcc2 = 20V and Vcc3 = 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise doted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 
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Switching Characteristics <v cc1 = sv, v CC2 = 20 V, v CC3 = 24v, t a = 25°c> 


PARAMETER 

tDLH 

Delay Time, Low-to-High Level Output 

*DHL 

Delay Time, High-to-Low Level Output 

■ 

TLH 

Transition Time, Low-to-High Level Output 

i 

THL 

Transition Time, High-to-Low Level Output 

■ 

PLH 

Propagation Delay Time, Low-to-High Level Output 

tpHL 

Propagation Delay Time, High-to-Low Level Output 


CONDITIONS 


C L = 200 pF, 
R d = 24ft, 
(Figure 1) 



TYP 

MAX 

UNITS 

11 ‘ 

20 

ns 

10 

18 

ns 

20 

33 

ns 

20 

33 

ns 

31 

48 - 

ns 

30 

46 

ns 


AC Test Circuit and Switching Time Waveforms 


PULSE 

L 

ij 

(NOTED 



INPUT 5V 24V 20V 
I I Vcci V CC3 V C C 2 I 


I GND I ^T^(N0TE2) 

± 1 


c 90% 90% 1 


INPUT /1.5V 


Idhl - 

V C c2-2V S 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zqut ^ 5052. 
Note 2: C L includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 


Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 


■liS lMIIBIIi 

■lllllliMHI 



-0.01 -0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 


High-Level Output Voltage vs 
Output Current 


■iiiiiigiigii 



- 0.01 - 0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 


Low-Level Output Voltage 
Output Current 

0.5 1 

V CC1 = 5V 

V C C2 * 20V 

0 0 ' V CC 3 = 24V 

V, ■ 2V r. .+7n°r 


20 40 60 80 100 

LOW-LEVEL OUTPUT CURRENT (mA) 
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Typical Performance Characteristics (Continued) 


Voltage Transfer Characteristics 

















Vcc. 
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Total Dissipation (Two Drivers) 
vs Frequency 



INPUT VOLTAGE (V) 
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Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 
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(FIGURE 1) 
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Propagation Delay Time, 
Low-to-High Level Output vs 
Vcc2 Supply Voltage 


Propagation Delay Time, 
High-to-Low Level Output vs 
V CC2 Supply Voltage 
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Propagation Delay Time, 
Low-to-High Level Output vs 
Load Capacitance 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 
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Typical Application 


The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 
overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between lOfi and 3012 
(Figure 2). 


r DS75362 | I MOS 1 

• 1 «V«TCM * 


I I P,> H 

I I 1 ^1 

Note: R D %10Uto 30U (Optional). 


FIGURE 2. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75362 Applications. 


Thermal Information 


POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75362 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75362 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 


where Pdc(av) is the steady-state power dissipation with 
the output high or low, Pc(av) is the power level during 
charging or discharging of the load capacitance, and 
p s(av) ls the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ P|_tL + PHt H 

K DC(AV| - J 

P C(AV) % c V c 2 f 
„ PLHtLH+PHLtHL 



FIGURE 3. Output Voltage Waveform 

p L , p H , p LH , and p HL are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75362 is so designed that P s is a negligible por- 
tion of P T in most applications. Except at very high 
frequencies, t L + t H » t LH + t H i_ so that P s can be 
neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from two channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume two channels are operating identi- 
cally with C = 100 pF, f = 2 MHz, V cc1 = 5V, V CC2 = 
20V, V cc3 = 24V and duty cycle = 60% outputs high 
(t H /T = 0.6). Also, assume V OH = 20V, V OL = 0.1V, 
P s is negligible, and that the current from V CC2 is 
negligible when the output is low. 

On a per-channel basis using data sheet values: 


(5V + (20V) ("ry (24V) 

(~ 2 - — ) (0.6) + (5V) ^ + 

(20V) + (24V) (0.4) 


P DC (av) = 58 mW per channel 


Pc(av)«(100pF) (19.9V) 2 (2 MHz) 


P C (av) % 79 mW per channel. 


For the total device dissipation of the two channels 
P T(AV) » 2 (58 + 79) 


where the times are as defined in Figure 3. 


P T (av) ~ 274 mW typical for total package. 
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DS75365 Quad TTL-to-MOS Driver 


General Description 


The DS75365 is a quad monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL input signals and provides high-current and high- 
voltage output levels suitable for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1 103. 


Capable of driving high-capacitance loads 
Compatible with many popular MOS RAMs 
Interchangeable with Intel 3207 
V cc 2 supply voltage variable over wide range to 24 V 


The DS75365 operates from the TTL 5V supply and the 
MOS V ss and V BB supplies in many applications. This 
device has been optimized for operation with V CC2 
supply voltage from 16V to 20V, and with nominal 
V C c 3 supply voltage from 3V to 4V higher than V CC2 . 
However, it is designed so as to be usable over a much 
wider range of V CC2 and V CC3 . In some applications the 
Vcc 3 power supply can be eliminated by connecting the 
V CC 3 P' n to the V CC2 pin. 


Features 

■ Quad positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


V cc 3 supply voltage pin available 

Vcc 3 Pi' n can be connected to V CC2 pin in some 
applications 

TTL compatible diode-clamped inputs 

Operates from standard bipolar and MOS supply 
voltages 

Two common enable inputs per gate-pair 
High-speed switching 

Transient overdrive minimizes power dissipation 
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DS75365 


Absolute Maximum Ratings (Note 1) 

Supply Voltage Range of Vqci -0.5V to 7V 

Supply Voltage Range of VcC2 -0.5V to 25V 

Supply Voltage Range of Vqc 3 -0.5V to 30V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range -65° C to +150°C 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

‘Derate cavity package 10.1 mW/°C above 25° C; derate molded 
package 1 1 .8 mW/°C above 25° C. 

Electrical Characteristics (Notes 2 and l 


Operating Conditions 



MIN 

MAX 

Supply Voltage (Vqci) 

4.75 

5.25 

Supply Voltage (Vcc2> 

4.75 

24 

Supply Voltage (Vcc3> 

V CC2 

28 

Voltage Difference Between 
Supply Voltages: Vcc3~VcC2 

0 

10 

Operating Ambient Temperature 
. Range (T/\) 

0 

70 


PARAMETER 

V,H 

High-Level Input Voltage 

V,L 

Low-Level Input Voltage 

V, 

Input Clamp Voltage 

VOH . 

High-Level Output Voltage 

< 

O 

r 

Low-Level Output Voltage 

V 0 

Output Clamp Voltage 

1, Input Current at Maximum 

Input Voltage 


(Notes 2 and 3) 


CONDITIONS 


I 


High-Level Input Current 


Low-Level Input Current 


Supply Current from V CC1 , 
All Outputs High 


, CC2(H) 

Supply Current from V CC2 , 
All Outputs High 

•CC3(H) 

Supply Current from V CC3 , 
All Outputs High 

•cCKL) 

Supply Current from V CC1 , 
All Outputs Low 

^CC2(L) 

Supply Current from V CC2 , 
All Outputs Low 

•ccaa.) 

Supply Current from V CC3 , 
All Outputs Low 

•cCZfH) 

Supply Current from V CC2 , 
All Outputs High 

^csih) 

Supply Current from V CC3 , 
All Outputs High 

, CC2(S) 

Supply Current from V CC2 , 
Stand-by Condition 

•cC3(S) 

Supply Current from V CC3 , 
Stand-by Condition 



V CC1 = 5.25V, V CC2 = 24V, 

V C c 3 = 28V, All Inputs at 0V, No Load 


V cc1 = 5.25V, V CC2 = 24V, 

V C c 3 = 28V, All Inputs at 5V, No Load 


V CC1 = 5.25V, V CC2 = 24V, 

Vcc 3 = 24V, All Inputs at 0V, No Load 


Vcci = 0V, V CC2 = 24V, 

V C c 3 = 24V, All Inputs at 5V, No Load 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75365. All typical values are for T^ = 25°C 
and Vqqi = 5V and Vqq 2 = 20V and Vqq 3 = 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 
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HIGH-LEVEL OUTPUT VOLTAGE (V) 


Switching Characteristics (v cc1 = sv. v CC2 = 2 ov, v CC3 = 24v, t a = 25°c> 


PARAMETER 


t DLH Delay Time, Low-to-High Level Output 


t DH L Delay Time, High-to-Low Level Output 


TLH Transition Time, Low-to-High Level Output 


tjH l Transition Time, High-to-Low Level Output 


tpLH Propagation Delay Time, Low-to-High Level Output 


t PHL Propagation Delay Time, High-to-Low Level Output 


CONDITIONS 


C L = 200 pF, 
R D = 24H, 
(Figure 1) 



AC Test Circuit and Switching Time Waveforms 


PULSE 

GENERATOR 

(NOTED 


INPUT 5V 24V 20V 

I r - 1 - 1 - 1 -! 

I Vcci V CC3 Vcc7| 


I GNO I 

_L 


^TMN0TE2) 



VCC2-2V 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Z OUT 5012. 
Note 2: C L includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 


Typical Performance Characteristics 


High-Level Output Voltage vs 
Output Current 


■iiga iwiiiBiii 

■lllllliHM 
■iiiiiii 
■lllllllllllillll 



- 0.01 - 0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 


High-Level Output Voltage vs 
Output Current 


1 

II 

■1 

Ml 
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■ 

PI 
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■1 

■III 

in 

it 

Ml 

life 
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- 0.01 - 0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 


Low-Level Output Voltage 
Output Current 




20 40 GO 80 100 

LOW-LEVEL OUTPUT CURRENT (mA) 
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Typical Performance Characteristics (Continued) 


Voltage Transfer Characteristics 


Vcci - 5V 
V cc j = 20V 
Vcc3-24V. 
'T a -25°C - 
NO LOAD 


0.5 1 1.5 2 

INPUT VOLTAGE (V) 


Total Dissipation (All Four 
Drivers) vs Frequency 


11036321^11111 


41UIPIIII 



0.1 0.2 0.4 0.7 1 2 

FREQUENCY (MHz) 


Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 



-1 

1 




C L * 200 p 








1 1 

_C L = 50pF_ 


■WOT 
















V cc1 = 5V ■ 

V CC2 = 20V 

Vcc3 * 24V 

R d = 24U . 

(FIGURED 

10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Ambient Temperature 


V C C3 “ 24V 

R d = 24S2 - 

(FIGURE 1) 

10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
Low-to-High Level Output vs 
V CC2 Supply Voltage 


Vcci = 5V 

VcC3 * V C C 2 + 4V 

" R D * 25n 

T A = 25°C 

(FIGURED 

8 12 16 20 24 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output vs 
VCC2 Supply Voltage 


^’Qil'IOO pF- 

I i 


4 8 12 16 20 24 

SUPPLY VOLTAGE (V) 




n 





Cl 



= 200 






■ — * 











Propagation Delay Time, 
Low-to-High Level Output vs 
Load Capacitance 



50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 



60 

|| 

50 

> => 
< o 

40 

Q > 
55 uj 
O -» 

P 5 

30 

< o 

< 6 

i£ 

X 

20 

10 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 

Vcci 1 5 V 

V C C2 * 20V 

V CC 3 * 24V 

Ta-25°C _ 


50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


Typical Applications 


The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 


overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 10fi and 30J2 
(Figure 3). 
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Typical Applications (Continued) 


19.5V 16V 



r DS75365 I MOS 

1 J SYSTEM 

I I L_7J 

Note: R 0 * 10U to 3012 (Optional). 


FIGURE 2. Interconnection of DS7S365 Devices 
With 1103-Type Silicon-Gate MOS RAM 


Thermal Information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75365 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75365 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 


where Pqc(av) is the steady-state power dissipation with 
the output high or low, Pc(av) is the power level during 
charging or discharging of the load capacitance, and 
P s(av) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ PLtL+PHtH 

^DC(AV) “ -j- 

Pc(AV) C V c 2 f 
„ PLHtLH+PHLtHL 


where the times are as defined in Figure 4. 

Pl, Ph. Plh. and p HL are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75365 is so designed that P s is a negligible por- 
tion of P T in most applications. Except at very high 
frequencies, t L + t H » t LH + t H L so that P s can be 


FIGURE 3. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75365 Applications 


neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from all four channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume all four channels are operating identi- 
cally with C = 100 pF, f = 2 MHz, V CC1 = 5V, V CC2 = 
20V, V cc3 = 24V and duty cycle = 60% outputs high 
(t H /T = 0.6). Also, assume V OH = 20V, V OL = 0.1V, 
P s is negligible, and that the current from V CC2 is 
negligible when the output is low. 

On a per-channel basis using data sheet values: 

Pdc(av) = [(5V ) + (20V) - A ) + (24V) 

(^)] (0-6) + [(5V)(^) + 

(20V) + (24V) (0-4) 

P DC (av) = 58 mW per channel 
p c(av) « (100 pF) (19.9V) 2 (2 MHz) 

P C (av) ~ 79 mW per channel. 

For the total device dissipation of the four channels: 

P t(av) * 4 (58 + 79) 

P T (av) ~ 548 mW typical for total package. 



FIGURE 4. Output Voltage Waveform 
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Applying Modem Clock 
Drivers to MOS Memories 


National Semiconductor 
Application Note 76 
B. Siegel 
M. Scott 
October 1975 


INTRODUCTION 

MOS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MOS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid- 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applicable 
to any type of driver, monolithic integrated circuit 
drivers, the DS0025, DS0026 and DS0056 are selected 
as examples because of their low cost. 

The DS0025 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I illustrates 
its performance while Appendix I describes its circuit 
operation. Its monolithic, rather than hybrid or module 
construction, was made possible by a new high voltage- 
gold doped process utilizing a collector sinker to mini- 
mize V CE SAT 


The DS0026 is a high speed, low cost, monolithic clock 
driver intended for applications above one megacycle. 
Table II illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The DS0056 is a variation of the DS0026 circuit which 
allows the system designer to modify the output per- 
formance of the circuit. The DS0056 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
system. Of course the above are just examples of the 
many different types that are commercially available. 
Other National Semiconductor MOS interface circuits 
are listed in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti- 
cular application while avoiding common system pro- 
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia- 
bility and cost. Power handling capability for various 
packages is illustrated in Table III. The following guide- 
lines are recommended: 


TABLE I. DS0025 Characteristics 


PARAMETER 

CONDITIONS (V + - V') = 17V 

VALUE 

UNITS 

toN 


15 

ns 

l OFF 

C IN = 0.0022pF, R IN = on 

30 

ns 

t r 

C L = O.OOOlpF, RO = 50r2 

25 

ns 

t, 


150 

ns 

Positive Output Voltage Swing 

V IN -V = OV. l OUT = -1mA 

V + - 0.7 

V 

Negative Output Voltage Swing 

1 1 fsj = 10mA, 1 o ut ~ 1 mA 

V + 1.0 

V 

On Supply Current (V + ) 

I if\j ~ 10mA 

17 

mA 


TABLE II. DS0026 Characteristics 


PARAMETER 

CONDITIONS <V + - V") = 17V 

VALUE 

UNITS 

l ON 


7.5 

ns 

*OFF 

C rN = 0.001 /jF, R| N = 0S7 

7.5 

ns 

t r ’ 

R0 = 50S2, C L = 1000 pF 

25 

ns 

t, 


25 

ns 

Positive Output Voltage Swing 

Vin - V' = 0V, l 0 u T - -1mA - 

V + - 0.7 

V 

Negative Output Voltage Swing 

lifvj ~ 10mA, 1 q ut = 1mA 

V + 0.5 

V 

On Supply Current (V + ) 

l| N = 10 mA 

28 

mA 




The TO-5 ("H") package is rated at 750 mW still air 
(derate at 200°C/W above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about 10 cents) clip-on heat sink 
increases driving capability by 50%. 

The 8-pin ("N") molded mini-DIP is rated at 600 mW 
still air (derate at 90°C/W above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a special cop- 
per lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work, that this package is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-8 ("G") package is rated at 1.5W still air (derate 
at 100°C/W above 25°C) and 2.3W with clip-on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mW/°C). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver is usually limited first by internal power 
dissipation. There are four factors: 

1 . Package and heat sink selection 

2. Average dc power, P D c 

3. Average ac power, P AC 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine P MA x. which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated in a 
driver is the sum of dc power and ac power in each 
driver times the number of drivers. The total of which 
must be less than the package power rating. 


where: 

V + - V - = Total voltage across the driver 

Req = Equivalent device resistance in the 

"ON" state 

= V + -V~/l s(ON) (3) 

DC = Duty Cycle 

"ON" Time 

"ON" Time + "OFF" Time 


For the DS0025, Req is typically 1 kfi while Req is 
typically 6000 for the DS0026. Graphical solutions for 
P DC appear in Figure 1. For example if V + = +5V, 
V - = -12V, Req = 500 O, and DC = 25%, then P DC = 
145 mW. However, if the duty cycle was only 5%, 
P DC = 29 mW. Thus to maximize the number of regis- 
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow- 
able clock pulse width should be used for the particular 
type of MOS register. 


225 

_ 200 
s 

£ 175 

2 150 

§ 125 

3 

5 100 

GC 

5 ” 

a 

“■ 50 

25 
0 

0 10 20 30 40 50 50 70 

DUTY CYCLE (%) 

FIGURE 1. Ppc vs Duty Cycle 



P diss - n x (P AC + P DC ) < P MA x m 


Average dc power has three components: input power, 
power in the "OFF" state (MOS logic "0") and power 
in the "ON" state (MOS logic "1"). 


Pdc _ Pin + Pqff + Pqn (2) 


For most types of clock drivers, the first two terms are 
negligible (less than 10 mW) and may be ignored. 

Thus: 

(V + -V“) 2 

P DC — P<DN ~ — x (DC) 

Req 


In addition to P DC , the power driving a capacitive load 
is given approximately by: 


Pag = <V + — V ) 2 xf xC L (4) 

where: 

f = Operating frequency 
C L = Load capacitance 

Graphical solutions for P AC are illustrated in Figure 2. 
Thus, any type of clock driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
this would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 
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Combining equations (1), (2), (3) and (4) yields a criter- 
ion for the maximum load capacitance which can be 
driven by a given driver: 


T- 


TTH 



5 

1 



z 


1 

= 1000 p 

1 

F — 




y 

i! 




Xc L = 

500 

pF 



1 

J 



*** 

^ L = 

i 

250 pF - 

1 



V + - V 

~ = 

3 


0 0.5 1.0 1.5 2.0 2.5 

PULSE REPETITION FREQUENCY (MHz) 

FIGURE 2. P AC vsPRF 


1 P MAX 

c L < - — + - ■ ■■ 

f n (V - V ) 2 


As an example, the DS0025CN can dissipate 890 mW at 
T A = 70° C when soldered to a printed circuit board. 
Req is approximately equal to Ik. For V + = 5V, V - = 
-12V, f = 1 MHz, and dc = 20%, C L is: 


1 1(890x 10" 


10° (2) (17)-= 


C L < 1340 pF (each driver) 


A typical application might involve driving an MM5013 
triple 64-bit shift register with the DS0025. Using the 
conditions above and the clock line capacitance of the 
MM5013 of 60 pF, a single DS0025 can drive 1340 pF/ 
60 pF, or 00 MM5013's. 

In summary, the maximum capacitive load that any 
clock driver can drive is determined by package type and 
rating, heat sink technique, maximum system ambient 
temperature, ac power (which depends on frequency, 
voltage across the device, and capacitive load) and dc 
power (which is principally determined by duty cycle). 

Rise and Fall Time Considerations 


In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external 
load, and (C) peak transient current available. Details of 
these are included in Appendixes I and II. Figures AI-3, 
AI-4, All-2 and AIII-3 illustrate performance under 
various operating conditions. Under light loads, per- 
formance is determined by internal design of the driver; 
for moderate loads, by load C L being reflected (usually 
as C UP ) into the driver, and for large loads by peak 
output current where: 


AV _ Iout PEAK 
AT c[ 

Logic rise and fall times must be known in order to 
assure non-overlap of system timing. 

Note the definition of rise and fall times in this appli- 
cation note follow the convention that rise time is the 
transition from logic "0" to logic "1" levels and vice 
versa for fall times. Since MOS logic is inverted from 
normal TTL, "rise time" as used in this note is "voltage 
fall" and "fall time" is "voltage rise." 

Power Supply Decoupling 

Although power supply decoupling is a wide spread and 
accepted practice, the question often arises as to how 
much and how often. Our own experience indicates 
that each clock driver should have at least 0.1/iF de- 
coupling to ground at the V + and V — supply leads. 
Capacitors should be located as close as is physically 
possible to each driver. Capacitors should be non-induc- 
tive ceramic discs. This decoupling is necessary because 
currents in the order of 0.5 to 1.5 amperes flow during 
logic transitions. 

There is a high current transient (as high as 1.5A) 
during the output transition from high to low through 
the V - lead. If the external interconnecting wire from 
the driving circuit to the V - lead is electrically long, or 
has significant dc resistance the current transient will 
appear as negative feedback and subtract from the 
switching response. To minimize this effect, short inter- 
connecting wires are necessary and high frequency 
power supply decoupling capacitors are required if V~ is 
different from the ground of the driving circuit. 

Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock driver can, 
and often does, overshoot. It is particularly evident on 
faster drivers. The overshoot is due to the finite induc- 
tance of the clock lines. Since most MOS registers require 
that clock signals not exceed V ss , some method must be 
found in large systems to eliminate overshoot. A straight- 
forward approach is shown in Figure 3. In this instance, 


v + = sv 



-12V 


FIGURE 3. Use of Damping Resistor to Eliminate 
Clock Overshoot 
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a small damping resistor is inserted between the output 
of the clock driver and the load. The critical value for 
R s is given by: 



In practice, analytical determination of the value for 
R s is rather difficult. However, R s is readily deter- 
mined empirically, and typical values range in value 
between 10 and 50£2. 

Use of the damping resistor has the added benefit of 
essentially unloading the clock driver; hence a greater 
number of loads may often be driven by a given driver. 
In the limit, however, the maximum value that may be 
used for R s will be determined by the maximum allow- 
able rise and fall time needed to assure proper operation 
of the MOS register. In short: 

*r(MAX) = tf(MAX) 1; 2.2 R S C L (7) 

One last word of caution with regard to use of a damp- 
ing resistor should be mentioned. The power dissipated 
in R s can approach (V + - V - ) 2 fC L and accordingly 
the resistor wattage rating may be in excess of 1W. 
There are, obviously, applications where degradation of 
t r and tf by use of damping resistors cannot be tolerated. 
Figure 4 shows a practical circuit which will limit over- 
shoot to a diode drop. The clamp network should 
physically be located in the center of the distributed 
load in order to minimize inductance between the 
clamp and registers. 



FIGURE 4. Use of High Speed Clamp to Limit 
Clock Overshoot 


Cross Talk: Voltage spikes from 0-| may be transmitted 
to fa ( an d vice versa) during the transition of fa to MOS 
logic "1." The spike is due to mutual capacitance 
between clock lines and is, in general, aggravated by long 
clock lines when numerous registers are being driven. 
Figure 5 illustrates the problem. 


+5V 



-12V 


FIGURE 5. Clock Line Cross Talk 

The negative going transition of fa (to MOS logic "1") 
is capacitively coupled via C M to fa. Obviously, the 
larger C M is, the larger the spike. Prior to fa 's transi- 
tion, Q1 is "OFF" since only fiA are drawn from the 
device. 

The DS0056 connected as shown in Figure 6 will mini- 
mize the effect of cross talk. The external resistors to 
the higher power supply pull the base of a Q1 up to a 
higher level and forward bias the collector base junction 
of Q1. In this bias condition the output impedance of 
the DS0056 is very low and will reduce the amplitude 
of the spikes. 


+5V +8V <8V 



12V 


FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 


Input Capacitive Coupling 

Generally, MOS shift registers are powered from +5V 
and -12V supplies. A level shift from the TTL levels 
(+5V) to MOS levels (— 1 2V ) is therefore required. The 
level shift could be made utilizing a PNP transistor or 
zener diode. The disadvantage to dc level shifting is the 
increased power dissipation and propagation delay in the 
level shifting device. Both the DS0025, DS0026 and 
DS0056 utilize input capacitors when level shifting from 
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TTL to negative MOS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will be 
shown later, the capacitors also enhance the performance 
of these circuits. 

CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX I 

DS0025 Circuit Operation 

The schematic diagram of the DS0025 is shown in 
Figure AI-1. With the TTL driver in the logic "0" state 
Q1 is "OFF" and Q2 is "ON" and the output is at 
approximately one V BE below the V + supply. 



When the output of the TTL driver goes high, current is 
supplied to the base of Q1, through C| N , turning it "ON." 
As the collector of Q1 goes negative, Q2 turns "OFF." 
Diode CR2 assures turn-on of Q1 prior to Q2's turn-off 
minimizing current spiking on the V + line, as well as 
providing a low impedance path around Q2's base emit- 
ter junction. 

The negative voltage transition (to MOS logic "1") will 
be quite linear since the capacitive load will force Q1 
into its linear region until the load is discharged and Q1 
saturates. Turn-off begins when the input current de- 
cays to zero or the output of the TTL driver goes low. 
Q1 turns "OFF" and Q2 turns "ON" charging the load 
to within a V BE of the V + supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is pri- 
marily a function of the ac load, C L , the available input 
current and total voltage swing. As shown in Figure At -2, 

v* 



FIGURE AI-2. Rise Time Model for the DS0025 

the input current must charge the Miller capacitance of 
Q1, C TC , as well as supply sufficient base drive to Q1 
to discharge C L rapidly. By inspection: 


•in _ Im + Ib + I r i (AI-1) 

•in — Ini + Ib- f° r Im » *r i & •b » • r i 
A V 

Ib _ I|n~^tc ~ (AI-2) 


If the current through R2 is ignored, 


•c ~ Ib ^feqi - II + Im 


where: 


• l ~ Ci 


AV 

At 


(AI-3) 


FIGURE AI-1. DS0025 Schematic (One-Half Circuit) 


Combining equations AI-1, AI-2, AI-3 yields: 




• [Cl + C TC (h F EQi + 1)1 = ^FEQI *1 


voltage rise and optimistic values at the end. Figure 
AI-5 shows tf as function of C L . 


[Cl + (hppQi + 1)C TC ] AV 


Equation (AI-5) may be used to predict t r as a function 
of C L and AV. Values for C TC and h FE are 10 pF and 
25 respectively. For example, if a DM7440 with peak 
output current of 50 mA were used to drive a DS0025 
loaded with 1000 pF, rise times of: 

(1000 pF + 250 pF) (17V) 

(50 mA) (20) 

or 21 ns may’be expected for V + = 5.0V, V — = -12V, 
Figure AI-3 gives rise time for various values of C L . 


200 400 600 800 1000 

LOAD CAPACITANCE. C L (pF) 


FIGURE AI-3. Rise Time vsC|_ for the DS0025 


Fall Time Considerations 

The MOS logic fall time (voltage rise) of the DS0025 is 
dictated by the load, C L , and the output capacitance of 
Q1. The fall time equivalent circuit of DS0025 may be 
approximated with the .circuit of Figure AI-4. In actual 

V* Ctcqi - OUTPUT CAPACITANCE OF 01 


I>feo2 * CURRENT GAIN OF Q2 


'avg * A vg CURRENT THROUGH R 2 

A ^ V + -V- 

6feq2 + 1 2R2 


Ctcqi .a-t-v 10 pF 




FIGURE AI-4. Fall Time Equivalent Circuit 

practice, the base drive to Q2 drops as the output volt- 
tage rises toward V + . A rounding of the waveform occurs 
as the output voltage reaches to within a volt of V + . The 
result is that equation (AI-7) predicts conservative values 
of t f for the output voltage at the beginning of the 



0 200 400 600 800 1000 

LOAD CAPACITANCE. C L fpF) 


FIGURE AI-5. DS0025 Fall Time vs Cl 


Assuming h FE2 is a constant of the total transition: 


AV _ /V + -V \ 
At \ 2R2 / 


Ctcqi + ClAi FE qi+i 


tf — 2R2 I C TCQ i + 


DS0025 Input Drive Requirements 

Since the DS0025 is generally capacitively coupled at 
the input, the device is sensitive to current not input 
voltage. The current required by the input is in the SO- 
SO mA region. It is therefore a good idea to drive the 
DS0025 from TTL line drivers, such as the DM7440 or 
DM8830. It is possible to drive the DS0025 from stan- 
dard 54/74 series gates or flip-flops but t 0 N ancl t r will 
be somewhat degraded. 

input Capacitor Selection 

The DS0025 may be operated in either the logically 
controlled mode (pulse width out = pulse width in) 
or C| N may be used to set the output pulse width. In 
the latter mode a long pulse is supplied to the DS0025. 



FIGURE AI-6. DS0025 Input Current Waveform 
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The input current is of the general shape as shown in 
Figure Al-6. I MAX is the peak current delivered by the 
TTL driver into a short circuit (typically 50—60 mA). 
Q1 will begin to turn-off when l| N decays below V BE / 
R1 or about 2.5 mA. In general: 


i IN = IMAX e 


The logic "1" output impedance of the DM7440 is 
approximately 65J2 and the peak current Umax) ' s 
about 50 mA. The pulse width for C| N = 2,200 pF is: 


25 ns + 150 ns 


+ (6512) (2200 pF) In 


R0 = Output impedance of the TTL driver 
C| N = Input coupling capacitor 


Substituting l, N = l M | N = and solving for t-) yields: 

R 1 


A plot of pulse width for various types of drivers is 
shown in Figure AI-7. For applications in which the 
output pulse width is logically controlled, C !N should 
be chosen 2 to 3 times larger than the maximum pulse 
width dictated by equation (AI-10). 


t-| - R0C| N In 


DC Coupled Operation 


The total pulse width must include rise and fall time 
considerations. Therefore, the total expression for 
pulse width becomes: 


The DS0025 may be direct-coupled in applications 
when level shifting to a positive value only. For exam- 
ple, the MM1103 RAM typically operates between 
ground and +20V. The DS0025 is shown in Figure 
AI-8 driving the addres or precharge line in the logically 
controlled mode. 


If DC operation to a negative level is desired, a level 
translator such as the DS7800 or DH0034 may be 
employed as shown in Figure AI-9. Finally, the level 
shift may be accomplished using PNP transistors are 
shown in Figure AI-10. 


0UTFUT PULSE WIDTH VS. C, N FOR LONG 
1100 INPUT PULSES. 

FOR INPUT PULSE <15 ♦ ROC,* In 
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FIGURE AI-7. Output PW Controlled by C| N 


FIGURE AI-8. DC Coupled DS0025 Driving 1103 RAM 
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FIGURE AI-9. DC Coupled Clock Driver Using DH0034 


FIGURE AI-10. Transistor Coupled DS0025 Clock Driver 
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APPENDIX II 


Rise Time Considerations 


DS0026 Circuit Operation 

The schematic of the DS0026 is shown in Figure All-1. 
The device is typically ac coupled on the input and 
responds to input current as does the DS0025. Inter- 
nal current gain allows the device to be driven by stan- 
dard TTL gates and flip-flops. 

With the TTL input in the low state Q1 ( Q2, Q5, Q6 and 
Q7 are "OFF" allowing Q3 and Q4 to come "ON." R6 
assures that the output will pull up to within a V BE of 
V + volts. When the TTL input starts toward logic "1," 
current is supplied via C !N to the bases of Q1 and Q2 
turning them "ON." Simultaneously, Q3 and Q4 are 
snapped "OFF." As the input voltage rises (to about 
1.2V), Q5 and Q6 turn-on. Multiple emitter transistor 
Q5 provides additional base drive to Q1 and Q2 assur- 
ing their complete and rapid turn-on. Since Q3 and 
Q4 were rapidly turned "OFF" minimal power supply 
current spiking will occur when Q7 comes "ON." 



Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably ' involved, but a reasonable 
approximation may be made by utilizing equation 
(AI-5), which reduces to: 

t r s= [C L +250x 1CT 12 ] AV (All-1) 

For C L = 1000 pF, V + = 5.0V, V~ = -12V, t r a 21 ns. 
Figure All-2 shows DS0026 rise times vs C L . 


— i S|g|| 
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FIGURE All-2. Rise Time vs Load Capacitance 
Fall Time Considerations 

The MOS logic fall time of the DS0026 is determined 
primarily by the capacitance Miller capacitance of Q5 
and Q1 and R5. The fall time may be predicted by: 


t f £M2.2)(R5) 


( Cs+ ^) 

( Cs+ &) 


as (4.4 x 10 3 ) 


C s = Capacitance to ground seen at the base of Q3 
= 2pF 


FIGURE AIM. DS0026 Schematic (One-Half Circuit) 

Q6 now provides sufficient base drive to Q7 to turn it 
"ON." The load capacitance is then rapidly discharged 
toward V — . Diode D4 affords a low impedance joath to 
Q6's collector which provides additional drive to the 
load through current gain of Q7. Diodes D1 and D2 pre- 
vent avalanching Q3's and Q4's base-emitter junction as 
the collectors of Q1 and Q2 go negative. The output of 
the DS0026 continues negative stopping about 0.5V 
more positive than V — . 

When the TTL input returns to logic "0," the input 
voltage to the DS0026 goes negative by an amount 
proportional to the charge on C iN . Transistors Q8 and 
Q9 turn-on, pulling stored base charge out of Q7 and Q2 
assuring their rapid turn-off. With Q1, Q2, Q6 and Q7 
"OFF," Darlington connected Q3 and Q4 turn-on and 
rapidly charge the load to within a V BE of V + . 


For the values given and C L = 1000 pF, t f = 17.5 ns. 
Figure All-3 gives tf for various values of C u . 
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FIGURE All-3. Fall Time vs Load Capacitance 
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DS0026 Input Drive Requirements 


5.0 


The DS0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics are 
shown in Figure All-4. There is breakpoint at V (N = 
0.6V which corresponds to turn-on of Q1 and Q2. The 
input current then rises with a slope of about 600J2 
(R2 II R3) until a second breakpoint at approximately 
1.2V is encountered, corresponding to the turn-on of Q5 
and Q6. The slope at this point is about 150S2 (R1 II 
R2 II R3 II R4). 
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FIGURE All-4. Input Current vs Input Voltage 


The current demanded by the input is in the 5-10 mA 
region. A standard 54/74 gate can source currents in 
excess of 20 mA into 1.2V. Obviously, the minimum 
"1" output voltage of 2.5V under these conditions can- 
not be maintained. This means that a 54/74 element 
must be dedicated to driving 1/2 of a DS0026. As far as 
the DS0026 is concerned, the current is the determining 
turn-on mechanism not the voltage output level of the 
54/74 gate. 


Input Capacitor Selection 


A major difference between the DS0025 and DS0026 is 
that the DS0026 requires that the output pulse width 
be logically controlled. In short, the input pulse width = 
output pulse width. Selection of C| N boils down to 
choosing a capacitor small enough to assure the capacitor 
takes on nearly full charge, but large enough so that the 
input current does not drop below a minimum level to 
keep the DS0026 "ON." As before: 


ti 


or 


R0C| N In 


'max 

'min 


Cin 


ti 


ROIn 


'max 

'min 


(All-3) 

(All-4) 


In this case RO equals the sum of the TTL gate output 
impedance plus the input impedance of the DS0026 
(about 1500). I M | N from Figure All-5 is about 1 mA. 
A standard 54/74 series gate has a high state output 
impedance of about 1500 in the logic "1" state and an 
output (short circuit) current of about 20 mA into 1 .2V. 
For an output pulse width of 500 ns, 


500 x 10 -9 

C|N = 



FIGURE All-5. Logical "1" Output Voltage 
vs Source Current 


In actual practice it's a good idea to use values of about 
twice those predicted by equation (All-4) in order to 
account for manufacturing tolerances in the gate, DS0026 
and temperature variations. 

A plot of optimum value for C, N vs desired output pulse 
width is shown in Figure All-6. 
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FIGURE Al 1-6. Suggested Input Capacitance 
vs Output Pulse Width 


DC Coupled Applications 


The DS0026 may be applied in direct coupled applica- 
tions. Figure All-7 shows the device driving address or 
pre-charge lines on an MM 1 103 RAM. 


+17V 



20 mA 

( 1 50£2 + 150fi)ln 

1 mA 


= 560 pF 


FIGURE All-7. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 




For applications requiring a dc level shift, the circuit of 
Figure All-8 or All-9 are recommended. 




FIGURE All-8. Transistor Coupled MOS Clock Driver 


FIGURE All-9. DC Coupled MOS Clock Driver 


APPENDIX III 


MOS Interface Circuits 


MOS Clock Drivers 


DS0025C 

DS0026C 

DS3671 

DS3674 

DS75361 

DS75365 


Direct coupled, single phase, TTL 
compatible clock driver. 

Two phase, direct or ac coupled 
clock driver. 

10 MHz, single phase direct coupled 
clock driver. 

Two phase, ac coupled clock driver. 
Low cost, two phase clock driver. 
Low cost, two phase, high speed 
clock driver. 

Dual bootstrapped MOS driver. 
Quad MOS clock driver. 

Dual TTL-to-MOS driver. 

Quad TTL-to-MOS driver. 


MOS RAM Memory Address and Precharge Drivers 

DS0025C Dual address and precharge driver. 

DS0026C Dual high speed address and pre- 

charge driver. 


TTL to MOS Interface 


Dual high speed TTL to negative 
level converter. 


DS8810/DS8812/ 

DS8819 


DS3645/DS3675 

DS3647/DS3677 

DS3648/DS3678 

DS3649/DS3679 

DS36149/DS36179 


Dual TTL to negative level con- 
verter. 

Open collector TTL to positive 
high level MOS converter gates. 
Active pull-up TTL to positive high 
level MOS converter gates. 

Hex TRI-STATE® MOS driver. 
Quad TRI-STATE MOS driver I/O 
register. 

TRI-STATE MOS driver multi- 
plexer. 

Hex TRI-STATE MOS driver. 

Hex TRI-STATE MOS driver. 


MOS to TTL Converters and Sense Amps 


DS75107, 

DS75207 


Dual sense amp for MM1103 Ik 
MOS RAM memory. 


Voltage Regulators for MOS Systems 

LM309, LM340 Positive regulators. 

Series 

LM320 Series Negative regulators. 

LM325 Series Dual +/- regulators. 
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The DP8400 Family of 
Memory Interface Circuits 


INTRODUCTION 


TABLE I. DP8400 FAMILY MEMBERS 


FULL FUNCTION DRAM CONTROLLER 


The heart of any DRAM array design is the controller func- 
tion. Previous LSI controllers supplied a minimum func- 
tion of address multiplexing with an on-board refresh 
counter. This required external delay line timing and logic 
to control memory access, additional logic to perform 
memory refresh, and external drivers to drive the capaci- 
tive memory array. The complete solution results in signifi- 
cant access delay in relation to DRAM speeds and skews 
in output sequencing, as well as a large component count. 


A previous LSI solution brought much of this logic on-chip. 
However, it is limited in application to certain microproc- 
essors and has the disadvantage of all access timing orig- 
inating from an external clock, whose phase uncertainty 
generates a delay in actually knowing when an access has 
started. 


National Semiconductor 
Application Note 302 
Charles Carinalli 
Mike Evans 
March 1983 


The rapid development in dynamic random access mem- 
ory (DRAM) chip storage capability, coupled with signifi- 
cant component cost reductions, has allowed designers 
to build large memory arrays with high performance speci- 
fications. However, the development of memory arrays 
continues to have a common set of problems generated by 
the complex timing and refresh requirements of DRAMs. 
These include: how to quickly drive the memories to take 
advantage of their speed, minimization of board space re- 
quired by the support circuitry and the need for error 
detection and correction. Unfortunately, these problems 
must be addressed with each new system design. Full sys- 
tem solutions will vary greatly, depending on the DRAM ar- 
ray size, memory speed, and the processor. 

This application note introduces a complete family of 
DRAM support circuits that provides a straightforward 
solution to the above problems while allowing a high 
degree of flexibility in application with little or no perform- 
ance penalty. The DP8400 family (Table I) includes DRAM 
controllers, an expandable error detection/correction cir- 
cuit, octal address buffers and system control circuits. 
The LSI blocks are designed with flexible interfaces, mak- 
ing application possible with all existing DRAMs includ- 
ing the recently announced 256Ks. Additionally, interface 
is easy to all popular microprocessors with memory word 
widths possible from 8 to 80 bits. 


DP8400 

Expandable Error 
Checker/Corrector 

DP8408, DP8409 

DRAM Controllers 

DP84240, DP84244 

DRAM Buffer Drivers 

DP84300 Series 

Microprocessor 
Interface Circuits 


The DP8409 multi-mode dynamic RAM controller/driver is 
the first controller to resolve all of these problems. This 
Schottky bipolar device provides the flexibility of external 
access control, along with automatic access timing gen- 
eration, without the need for an external timing generator 
clock. In addition, on-board capacitive drivers allow direct 
drive forover88 DRAMs. With the simple addition of refresh 
clocks, the circuit can perform hidden refresh automati- 
cally. But possibly one of the DP8409’s most important ad- 
vantages is its upgradability for use with 256K DRAMs. 


Ail Control On-Chip 


Figure 7 is a block diagram of the DP8409. The ADS input 
strobes the parallel memory address into the row latches 
RO-8, the column latches CO-8, and bank select BO and 
B1. The nine output drivers may be multiplexed between 
the row or column input l atch es, or the 9-bit on-chip 
refresh counter. One of four RAS outputs is selected dur- 
ing an acce ss cy cle by setting the bank select inputs BO or 
B1. All four RAS outputs are active during refresh. Either 
exter nal or automatic control is available on-chip for the 
CAS output, while an on-chip buffer is provided to mini- 
mize skew associated with WE output generation. 

All DRAM address and control outputs on the DP8409 can 
directly drive in excess of 500 pF, or the equivalent of 88 
DRAMs (4 banks of 22 DRAMs). All output drivers are 
closely matched, significantly reducing output skew. 
Each output stage has symmetrical high and low logic 
level drive capability, insuring matched rise and fall time 
characteristics. 


Flexibility and Upgradability to 256K 




The 9 multiplexed address outputs and 9-bit internal re- 
fresh counter of the DP8409 not only guarantee its use 
with all current DRAMs (16K and 64Ks), but also enable 
direct addressing capability for the forthcoming 256K 
DRAMs. Careful design of memory boards, using the cur- 
rent 64K DRAMs with the DP8409, will insure direct up- 
gradability to 256K DRAMs. This can be done by simply 
allowing for board address extension by two bits and 
designing the ninth address trace (Q8) of the DP8409 to 
connect to pin 1 of the DRAMs (A8). This is, in general, a 
nonconnected pin in 64Ks and the ninth address in 256Ks. 
All that need be done is to remove the 64Ks and replace 
them with 256Ks, thereby increasing the memory on the 
same board by a 4 to 1 ratio. The resulting development 
cost saving can be significant. 


Three mode pins (MO, Ml and M2) offer externally select- 
able modes of operation, a key reason for the DP8409’s ap- 
plication flexibility (Table II). The operational modes are 
divided between external and automatic memory control. 
Modes 0, 3b, and 4 provide full control of access and 
refresh for systems with external memory controllers or 
for special purpose applications. Here all timing can be 
directly controlled by the external system as shown in 
Figure 2. 
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RO-8 


ROW ADDRESS 
INPUT LATCH 


CO-8 


CS 
RASlN 
R/C (RFCK) 
CAM(RGCK) 

WIN 



' Indicates that there 
is a 3 kn pull-up 
resistor on these 
outputs when they 
are disabled. 


RF I/O M2 (RFSH) Ml MO 
FIGURE 1. DP8409 Block Diagram 

TABLE II. DP8409 MODE SELECT OPTIONS 


Mode 

(RFSH) 

M2 

Ml 

MO 

Mode of Operation 

Conditions 

0 

0 

0 

0 

Externally Controlled Refresh 

RF I/O = EOC 

1 

0 

0 

1 

Auto Refresh-Forced 

RF I/O = Refresh Request (RFRQ) 

2 

0 

1 

0 

Internal Auto Burst Refresh 

RF 1/0 = EOC 

3a 

0 

1 

1 

All RAS Auto Write 

RF 1/0 = EOC 

3b 

0 

1 

1 

Externally Controlled All RAS Access 

All RAS Active 

4 

1 

0 

0 

Externally Controlled Access 


5 

1 

0 

1 

Auto Access, Slow t RAH , Hidden Refresh 


6 

1 

1 

0 

Auto Access, Fast t RAH 


7 

1 

1 

1 

Set End of Count 



Modes 1, 5 and 6 provide on-chip automatic access se- 
quencing with hidden refresh capability. A graphic ex- 
ample of the automatic access modes of the DP8409 is 
shown in Figure 3. All DRAM ac cess tim ing and control is 
generated from one input strobe, RASlN; no external clock 
is required. On-chip delays insure proper address and con- 
trol sequencing once the valid parallel address is pre- 
sented to the fa ll-through input latches of the DP 8409. 
When the RASlN transitions high-to-low, the decoded RAS 
output transitions low, strobing the row address into the 
DRAM array. An on-chip delay automatically generates a 
guaranteed selectable (mode 5 or 6) row address hold 
time. At this point, the DP8409 switches the address out- 
puts from the row latch to the column latch. Then another 
on-chip delay generates a guaranteed column address 


set-up time before CAS, so that the CAS output automati- 
cally strobes the column address into the DRAM array. 
Read or write cycles are controlled by the system through 
independent control of the WE buffer that is provided on- 
chip to minimize delay skewing. The automatic access 
mode makes the dynamic RAM appear static wi th resp ect 
to access timing. In this mode, only one signal, RASlN, is 
needed after valid parallel addresses are presented to the 
DP 8409 to init iate p roper access sequencing. Access tim- 
ing (RASlN to CAS), with full output loading of 88 DRAMs 
in the auto access mode, is determined by the dash num- 
ber given on the DP8409 data sheet. All performance char- 
acteristics are specified over the full operating 
temperature and supply ranges. 
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FIGURE 2. Typical Application of DP8409 Using External Control and Refresh in Modes 0 and 4 



MULTIPLEXED 

ADDRESS 




FIGURE 3. This figure demonstrates the automatic accessing capability of the DP8409. Only one strobing edge, RASIN, 
is required for generation of all DRAM access timing signals. This is accomplished with on-chip delay generators, 
eliminating the need for external delay lines. No access timing clock is necessary. 
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Refreshing 

The DP8409 also provides hidden refresh capability while 
in one of the automatic access modes (Figure A). In this 
mode, it will automatically perform a refresh without the 
system being interrupted. To do this, the DP8409 requires 
two clock signals, refresh clock (RF CK) w hich defines the 
refresh period (usually 16 /ts), and RAS generator clock 
(RGCK), which is typically the microprocessor clock. 

Highest priority is given to hidden refreshing through use 
of level sensing of RFCK. A refresh cycle begins when 
RFCK transitions to a high level. If during the time RFCK is 
high the DP8409 is deselected (CS in the high state) and 
the processor is accessing another portion of the system 
such as another memory segment, or ROM, or a periph- 
eral, then a hidden refresh is performed. W hen a re ad or 
write cycle is initiated by the processor, the RASIN input 
on the DP8409 transitions low. With CS high, this causes 
the present state of the internal refresh counter t o be 
placed on the address outputs, followed by the four RAS 
outputs transitioning low, strobing the r efresh a ddress 
into the DRAM array. W hen t he cycle ends, RASIN will ter- 
minate, thus forcing the RAS outputs back to their inactive 
state and ending the hidden refresh. The refresh counter is 
then incremented and another microprocessor cycle can 
begin immediately. However, to save power, the DP8409 
will allow only one hidden refresh to occur during a given 
RFCK cycle. 

In the event that a hidden refresh does not occur, the 
DP8409 must force a refresh before the RFCK’s next posi- 
tive-going transition. The system is notified after the 


negative-going RFCK transition that a hidden refresh has 
not occurred, via the refresh request output (RF I/O pin). 
The system acknowledges the request for a forced refresh 
by setting M2 (refresh) low on the DP8409 and preventing 
further access to the DP8409.The DP8409 then uses RGCK 
to generate an automatic forced refresh. The refresh re- 
quest pin then returns to the inactive state, and the 
DP8409 allows the processor to take fuli system control 
after the forced refresh has been completed. 

OCTAL MEMORY DRIVERS 

When the memory array becomes large and the 88-DRAM 
drive capability of the DP8409 becomes insufficient, addi- 
tional address and control buffers are required. However, 
like any other element in a DRAM system, selection of the 
improper driver can have significant impact on system 
performance. 

In the past, this function has been performed using 
Schottky logic family circuits such as the DM74S240 octal 
inverter or the DM74S244 octal buffer. The output stages 
of these devices have good drive capability, but their per- 
formance with heavy capacitive loads is not ideal for 
DRAM arrays. The key disadvantage of these devices is 
their nonsymmetrical rise and fall time characteristics 
and their long propagation delays with heavy load capaci- 
tance. The former is a result of impedance mismatch in 
the upper and lower output stages. The latter stems from 
process capability and circuit design techniques not 
tailored to the DRAM application. The combined result of 
all these factors is increased output skew in address and 
control lines when these devices are used as buffers. 
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Two new devices are now available for this application. 
The DP84240 Is pin and function compatible with the 
DM74S240. The DP84244 is likewise compatible with the 
DM74S244. However, this is where the similarity between 
the devices ends. Both the DP84240 and the DP84244 have 
been designed specifically to drive DRAM arrays. Figure 5 
shows a typical application of the DP84244, used in con- 
junction with the DP8409, to drive a very large memory 
array. 

Figures 6a, 6b show some typical performance curves 
for these circuits. Note that, at over 500 pF, the propaga- 
tion delay through these drivers is on the order of 15 ns. 
This delay includes propagation delay and rise or fall 
time. Even with this high speed, chip power dissipation 


is still maintained at a reasonable level as demonstrated 
by the graphs shown in Figures 7a, 7b of power versus 
frequency. 

The DP84240 and the DP84244 are fabricated on a high 
performance oxide-isolated Schottky bipolar process. 
Special circuit techniques have been used to minimize in- 
ternal delays and skews. Additionally, both rise and fall 
time characteristics track closely as a function of load ca- 
pacitance. This has been accomplished through imped- 
ance matching of the upper and lower output stages. The 
result of these characteristics is a substantial reduction 
of skew in both the address and control lines to the DRAM 
array. 


•Resistor required depends on DRAM load. See AN-305 
"Precautions to Take When Driving Memories." 
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FIGURE 5. The DP84244 Used as a Buffer in a Large Memory Array (greater than 88 DRAMs) Controlled by the DP8409 
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FIGURE 7a. Typical Power Dissipation for DP84240 
at V CC = 5.5V (All 8 drivers switching 
simultaneously) 



0 1.0 2.0 3.0 4.0 5.0 

(-FREQUENCY (MHz) 


FIGURE 7b. Typical Power Dissipation for DP84244 
at V CC = 5.5V (All 8 drivers switching 
simultaneously) 


The output stages of the DP84240 and the DP84244, 
although well matched, are relatively low impedance. Out- 
put impedance is under 100. Some DRAM arrays will re- 
quire the addition of damping resistors in series with the 
outputs of the drivers. These damping resistors are used 
to minimize undershoot which may have a harmful effect 
on the DRAMs if allowed to become large. This under- 
shoot is caused by the high transient currents from the 
drivers necessary to drive the capacitive loads. These high 
currents pass through a distributed inductive/capacitive 
circuit created by the board traces and the DRAM load, 
causing the undershoot. 

The damping resistor has specifically not been placed on- 
chip because its value is dependent on the DRAM array 
size and board layout. In fact, address lines will quite often 
require a different resistor value from the DRAM control 
lines. The resistor must be tuned for a particular board 
layout since too high a resistor will produce an exces- 
sively slow edge and too low a resistor will not remove the 
undershoot. Values for damping resistors may vary from 
150 to 1500, depending on the application. Placing any 
value of damping resistor on-chip, other than a value less 
than the minimum, severely restricts the application of 
these high performance circuits. 

Another key advantage of both the DP84240 and the 
DP84244 is their low input capacitance. Previous address 
buffer/drivers (such as the DM74S240/244) have high input 
capacitance. Fast edges at the inputs of these drivers 
become slower and distorted due to this dynamic input 


capacitance. This problem must be factored as an addi- 
tional delay through these drivers— a delay not shown by 
the data sheet specifications. Additionally, the problem 
becomes increasingly severe as multiple driver inputs are 
used in parallel for bus expansion applications. 

Both the DP84240 and the DP84244 are designed to signifi- 
cantly reduce both static and dynamic input capacitance. 
When these devices are driven with standard logic cir- 
cuits, no appreciable overhead delay need be added to the 
basic device delay specifications due to input pulse 
distortion. 

ERROR CORRECTION 

The determination of whether a DRAM system requires 
error correction must be resolved early in the system 
design. A positive answer to this question may have far- 
reaching impact on board development time and compo- 
nent cost. It is clear, however, that such a decision cannot 
be taken lightly. 

The type and origin of errors in DRAM systems are many 
and can result from a number of sources (Table III). Current 
estimates of soft error rates due to alpha particles in 64K 
RAMs indicate some hope that these error rates will be 
similar or possibly better than those found in 16K 
DRAMS— but the facts are still somewhat unclear. How- 
ever, it is clear that the introduction in the near future of 
256K DRAMs with even smaller memory cells and greater 
chip densities will place a significant challenge on DRAM 
chip designers to keep these rates down. It is believed by 
some that error correction may become mandatory in 
future DRAM system designs. Currently, the decision to 
add error correction is not so straightforward. It depends 
on many factors, not the least of which is the end user’s 
perception of its value to system uptime and reliability. 


TABLE III. THE SOURCES AND TYPES OF 
MEMORY ERRORS 


Error 

Type 

Sources 

System Action 

Soft 

• Alpha particles 

• System noise 

• Chip patterns 

• Power glitches 

Temporary system error- 
may be overwritten with a 
low probability of 
repetition 

Hard 

• Stuck memory bit 

• Memory chip interface 

• Interface circuit failure 

Permanent failure— may 
act as logic 1 or 0 


Generally, error correction will always be found in highly 
reliable systems using DRAMs, such as process control 
equipment, banking terminals, and military systems where 
high data integrity and minimum downtime are priorities. 
However, the importance of error correction has grown 
substantially, to the point that it is now used as a selling 
feature in the vast majority of large memory-based sys- 
tems. In fact, some major computer houses have adopted 
guidelines for use by their designers in the development of 
DRAM arrays. A somewhat common set has been found— 
if the memory array is on the order of 1/4 million bytes, 
then word parity should be used. This permits the detec- 
tion of single bit errors but does not allow error correction. 
When the total memory approaches 1/2 million bytes, then 
double bit error detection and single bit error correction 
should be added. 

The decision to add error correction to a system is costly, 
both in memory overhead and control hardware. Table IV 
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TABLE IV. CHECK BIT OVERHEAD FOR MULTIPLE BIT 
ERROR DETECTION AND SINGLE BIT ERROR 
CORRECTION 


to 80-bit data words. It is a 16-bit chip that is easily expand- 
able with the simple addition of more DP8400s for each 
16-bit word increment. 


Number of Bits 

Number of 

Percentage 

in Memory 

Check Bits 

of Excess 

Data Word 

Required 

Memory 

8 

5 

63% 

16 

6 

38% 

24 

6 (7) 

25% (29%) 

32 

7 

22% 

48 

7(8) 

15% (17%) 

64 

8 

13% 


Note: The number stated assumes the use of the DP8400; the number in 
parentheses is required by other error correction circuits. 


lists the number of additional memory chips required to 
support single bit error correction and double bit error 
detection as a function of the memory data word width. 

This table also shows the percentage of DRAM overhead 
required to implement this function. Adding error correc- 
tion also increases the memory access delay, since the in- 
formation contained in the overhead chips must be ana- 
lyzed in each read and generated in each write operation. 

DP8400 Expandable Error Correction Chip 

The DP8400 expandable error checker/corrector is shown 
in block diagram form in Figure 8. This circuit offers a high 
degree of flexibility in applications which range from 8-bit 


Figures 9a, 9b arid 9c demonstrate its basic operation in 
the write and read memory access cycles. Figure 9a 
shows the normal write cycle, where system data is used 
by the DP8400 to generate parity bits, called check bits, 
based on certain combinations of the data bits. This com- 
bination is defined by the DP8400’s matrix shown in 
Figure 10. Whenever a ‘1’ occurs in any row, the corre- 
sponding input data bit at the top of the column helps 
determine the parity for that check bit labeled at the end of 
the row. These check bits are written along with the data at 
the same memory address. Also, during a memory write 
cycle the DP8400 checks system byte parity. This is parity 
associated with the data bytes transmitted between the 
processor and the memory card. This is an optional fea- 
ture that may prove very valuable in multiple board 
memory systems. 

Sometime later a read will occur at this same memory 
address. The reading of memory data may be performed in 
two ways, as shown in Figures 9b and 9c. In the read cycle, 
the DP8400 uses the data read from memory and internally 
regenerates check bits using the same matrix. These 
newly generated check bits are then compared (using X-OR 
gates) with the check bits read from memory to detect 
errors. The result of this comparison is called a syndrome 
word. Any differences in the generated versus read check 
bits will result in at least one syndrome bit true. This indi- 
cates an error in either the read data or check bit field or 
both. 


BYTE 

PARITY 

I/O 


DATA 

BUS 


MODE CONTROL OUTPUTS 
(MO, Ml, M2) 

FIGURE 8. DP8400 Simplified Block Diagram 
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FIGURE 9a. Normal Write Mode with DP8400 



FIGURE 9b. Normal Read Mode Using the 
Error Monitoring Method with the DP8400 



FIGURE 9c. Normal Read Mode Using the 
Always Correct Method with the DP8400 



HEXADECIMAL EQUIVALENT 
OF SYNDROME BITS 

*C2,C3 generate odd parity FIGURE 10. DP8400 Matrix 
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A key advantage of the DP8400 is that it has three error 
flags detailing the type of error occurrence. These are 
generated using the syndrome word in the manner shown 
in Figure 11. The resulting error type identifications are 
shown in Table V. The three error flags allow complete 
error type identification, plus the unique determination of 
double bit errors, which will be key during the discussion 
of double bit error correction. Also, on a memory read, the 
DP8400 generates byte parity bits for transmission to the 
processor along with the data. 


SG, SG ANY SYNDROME BIT 



INTERNAL 

SYNDROME 

BUS 

FIGURE 11. The DP8400 Error Encoder 
Generating 3 Error Flags 


TABLE V. ERROR FLAGS AFTER NORMAL READ 


AE 

El 

EO 

Error Type 

0 

0 

0 

No error 

1 

1 

0 

Single check bit error 

1 

1 

1 

Single data error 

1 

0 

0 

Double-bit error 

All Others 

Invalid conditions 


There are two basic memory read methods that may be 
used with the DP8400. The first is shown in Figure 9b and 
is called the error monitoring method. Here, the read data 
is assumed to be correct and the processor immediately 
acts on the data. If the DP8400 detects an error, the proc- 
essor is interrupted using the any error flag (AE). Using 
this method, there is no detection delay in most memory 
reads since errors seldom occur, but when an error does 
occur, the processor must be capable of accepting an in- 
terrupt and a read cycle extension to obtain the corrected 
data from the DP8400. 

A second approach is called the always correct method, 
Figure 9c. In this case, the data is always assumed to be in 


error and the processor always waits for the DP8400 to 
analyze whether an error exists. Then the corrected or un- 
changed data is read from the DP8400. Although this 
method results in longer memory read time, every memory 
read will always be of the same delay except when a dou- 
ble error occurs. The selection of which method to use 
depends on many factors, including the processor, system 
structure, and performance. 


Double Bit Error Correct 


The probability of double bit errors in DRAM systems is 
relatively low, but as memory array sizes grow, the occur- 
rence of these error types must be considered. Adopting 
certain practices, such as rewriting a memory location 
whenever an error is detected, or using “memory scrub- 
bing" techniques, can significantly reduce the probability 
of a double soft error occurrence. Memory scrubbing is 
when the system, during low usage, actually accesses 
memory solely for the purpose of identifying and correct- 
ing single soft errors. This is an important technique if 
there are segments of the memory that are not always be- 
ing accessed so that soft error occurrences would not be 
quickly found. 

The occurrence of a double error comprising one soft and 
one hard must now be considered. This type of error has a 
higher probability than two soft errors. The hard error may 
be due to a catastrophic chip failure, and a subsequent 
soft error will create two errors. This can be a source of 
concern since most error correction chips cannot handle 
double errors of this type. Therefore, most systems will 
“crash” when a catastrophic chip failure is coupled with a 
soft error in the same memory address. 

The DP8400 has been designed to handle just such an oc- 
currence. It can correct any double bit error, as long as at 
least one of the errors is a hard error. The DP8400 does this 
without the need for extra hardware required for the basic 
double bit detect/single bit correct system implementa- 
tion. This method is called the double complement correct 
technique and is demonstrated in Figure 12 using a 4-bit 
data word for simplicity. In this example, a single hard 
error is located in the most significant bit of a particular 
memory location and a soft error occurs at the next bit. 
The position of the errors is not important since the errors 
may be distributed in either the data or check bit field or 
both. First, the data word and corresponding check bits 
are written to this memory location. When a later read of 
this location occurs, step A, two errors are directly re- 
ported by the DP8400 error flags. The system detects this, 
disables memory, and places the DP8400 in the comple- 
ment write mode. This causes the previously read data 
and check bits to be complemented in the DP8400 and 
written back to the same memory address, step B, writing 
over the previous soft error. Obviously this does not 
modify the cell where the hard error exists. The system 
then reads from the same address again, but this time it 
places the DP8400 in the complement read mode, step C. 
The DP8400 again complements the memory data and 
check bits and generates new check bits based on the new 
data word. At this point, the chip detects a single bit error 
in the bit position where the soft error occurred, and using 
the conventional single error correction procedure, 
returns corrected data to the system, step D. 

In the second read, the complement read, the hard error 
repeats since this bit location again receives a bit which is 
complemented with respect to itself. But the soft error has 
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been overwritten and does not repeat. Effectively, the 
memory has complemented the hard bit error position 
twice and the soft bit error position only once, while the 
DP8400 complements both positions twice. Therefore, 
after the second read, there is only one error left, the soft 
error. Since this is now a single error it can be directly 
corrected. 

After the complement correct cycle, the memory must be 
rewritten with the corrected data since the address now 
contains data that is complemented. Full error reporting is 
available from the DP8400 after the second read, the com- 
plement read, of memory. This is shown in Table VI. 

This method is a very effective tool to avoid system crash 
due to memory chip failure, and can do much to reduce un- 
scheduled field service calls. The only time the system will 


see a double error that is not directly correctable is when a 
double soft error occurs. The probability of this is very low 
if the previously discussed techniques are used. The extra 
time taken to do an additional read and write of memory is 
insignificant when .the alternative is a system that has a 
catastrophic failure that requires immediate field service. 
Using this technique, software may be provided in the sys- 
tem to warn the operator that the system is in a degraded 
operational mode and that field service should occur 
shortly. In the meantime, the system will continue to 
operate properly. The key to the effectiveness of the 
DP8400 in this application is its three error flags which 
allow complete error reporting— including a unique 
double error indication. 



FIGURE 12. Double Error Correct Complement Hard Error Method— 
1 Hard Error and 1 Soft Error in Data Bits 


TABLE VI. DP8400 ERROR FLAGS AFTER A COMPLEMENT READ 


m 

□ 

m 

Error Type 

Q 

□ 

a 

Two hard errors 

n 

D 

a 

One hard error, one soft check bit error 

n 

D 

a 

One hard error, one soft data bit error 

a 

□ 

EB 

Two soft errors, not corrected 
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MICROPROCESSOR INTERFACE CIRCUITS 

The major 8-bit and 16-bit microprocessors have different 
control signal timing. There are also a number of speed op- 
tions. The DP8400 family was designed, not for a specific 
microprocessor, but rather, significant control flexibility 
has been provided on both the DP8409 and the DP8400 for 
easy interface to any microprocessor. However, a certain 
amount of “glue” is necessary to interface to these LSI cir- 
cuits, usually in the form of a number of MSI/SSI logic cir- 
cuits,. Not only can this be costly in board space utiliza- 
tion, but it is usually the one place where the most design 
related problems occur in system development. 

Figures 13 and 14 show the DP8400 family solution to this 
problem— the DP84300 series of microprocessor inter- 
face circuits. Figure 13 shows how the DP84300 refresh 
timer and the DP843X2 microprocessor interface circuit 
connect to the DP8409 and various microprocesssors. 
Figure 14 shows the DP8409 and the DP8400 together in a 
microprocessor-based memory system using DRAMs, 
with double bit error detect and single bit error correct 
capability. In addition, it shows that with the simple addi- 
tion of some standard data buffers, how the system can 
implement byte writing to the DRAM array. 


This system structure requires the insertion of few or no 
wait states during a memory access cycle, thus maximiz- 
ing throughput. The DP84300 circuits have been designed 
to work with the DP8409 to control refreshing so that 
system throughput is affected only when absolutely 
necessary. First, in any refresh clock period of 16 ns, hid- 
den refreshing is given maximum opportunity. This can be 
helped with the optional DP84300 refresh interval gener- 
ator which offers maximum high-to-low ratioing of RFCK. 
Second, when a hidden refresh does not occur in a par- 
ticular RFCK cycle, a forced refresh may still not affect a 
slow access cycle. The worst-case is when an access is 
pending during a forced refresh, in which case a three wait 
state delay is usually the maximum penalty. 

Usually two DP84300 type chips would be required to in- 
terface between any microprocessor and the DP8400/ 
DP8409 combined system. These chips would handle 
the read/write control as well as error detection and cor- 
rection control. Table VII shows the individual DP84300 
circuits that would be used in systems with no error 
correction, thus requiring only the DP8409 DRAM 
controller. 


16-BIT MICROPROCESSOR DATA BUS 
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The DP8400 DRAM interface family provides complete 
solutions to memory support. This begins with the LSI 
functions such as the DP8400 expandable error checker/ 
corrector and the DP8409 DRAM controller/driver. It con- 
tinues with the DP84240 and the DP84244 high perform- 
ance buffer/drivers. Finally, it concludes with easy inter- 
face to popular microprocessors with the use of the 
DP84300 series. It is the first family of DRAM support cir- 


cuits designed for universal applications with multiple 
microprocessors. 

Data sheets and more detailed application information 
are available for all the members of the DP8400 family. 
Contact your local National Semiconductor representa- 
tive or National Semiconductor directly. 



FIGURE 14. Flexible application of the DP8409 and DP8400. This figure shows an application with 
a 16-bit microprocessor. 


TABLE VII. THE DP84300 SERIES OF INTERFACE 
CIRCUITS FOR VARIOUS 16-BIT MICROPROCESSORS 


16-Bit 

Microprocessor 

System Using 
Only DP8409 

National 

DP84312 

16032 


Motorola 

DP84322 

68000 


Intel 

DP84332 

8086/8 


Zilog 

(2) 74S64 

8000 

(1) 74S04 


7-14 



Semiconductor 


Dynamic Memory Support 


DP84240/DP84244 Octal TRI-STATE® MOS Drivers 


General Description 


The DP84240 and DP84244 are octal TRI-STATE drivers 
which are designed for heavy capacitive load applications 
such as fast data buffers or as memory address drivers. 
The DP84240 is an inverting driver which is pin-compat- 
ible with both the 74S240 and AM2965. The DP84244 is a 
non-inverting driver which is pin-compatible with the 
74S244 and AM2966. These parts are fabricated using 
an oxide isolation process, for much faster speeds, and 
are designed for load capacitances of 250pF or greater. 


Features 

■ t p( j specified with 250pF and 500pF loads 

■ Output specified from 0.8V to 2.7V 

■ Designed for symmetric rise and fall times at 
500 pF 

■ Outputs glitch free at power up and power down 

■ PNP inputs reduce DC loading on bus lines 

■ Low static and dynamic input capacitance 

■ Low skew times between edges and pins 

■ AC parameters specified with all outputs switching 
simultaneously 


TRI-STATE® Is a registered trademark of National Semiconductor Corporation 


Connection Diagrams 


Truth Tables 


DP84240 



Inputs 
G A 

Outputs 

Y 

H X 

Z 

L L 

H 

L H 

L 


H = High Level 
L = Low Level 
X= Don’t Care 
Z = High Impedance 


DP84244 



Inputs 
G A 

Outputs 

Y 

H X 

Z 

L L 

L 

L H 

H 


Order Number DP84240J, DP84244J, 
DP84240N or DP84244N 
See NS Package J20A or N20A 
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DP84240/ DP84244 


Operating Conditions 


Absolute Maximum Ratings (Note i) 

Supply Voltage, V C c 7.0V 

Logical “1” Input Voltage 7.0V’ V G c Supply Voltage 

Logical “0” Input Voltage -1.5V T A Ambient Temperature 

Storage Temperature Range -65°Cto+150°C 

Maximum Power Dissipation* at 25°C 
Cavity package 1667mW 

Molded Package 1832mW 

Lead Temperature (soldering, 10 seconds) 300°C 


•Derate cavity package 11.1mW/°C above 25°C: derate molded 
package 14.7mW/°C above 25°C. 


Electrical Characteristics v cc = sv ± 10%, o « t a < 7o e c. see Notes 2 and 3. 


Min 

4.5 

0 


Max 

5.5 

+70 


Units 

V 

°c 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|N(1) 

Logical “1” Input Voltage 


2.0 



V 

V|N(0) 

Logical “0” Input Voltage 




0.8 

V 

m 

Logical “1’ Input Current 

V| N = 2.7V 


0.1 

20 

hA 

V|n = 7.0 V 



100 

PA 


■ 

Logical “0” Input Current 

0«V !N <0.4V 


-50 

-200 

PA 

VCLAMP 

Input Clamp Voltage 

Iin = —18mA 


-1 

-1.2 

V 

VoH 

Logical “1” Output Voltage 

•oh = — lOOprA 
Ioh = — 1 0' 1 A 

V cc -1-15 
Vcc “ 1-5 

4.3 

3.9 


V 

VOL 

Logical "0” Output Voltage 

Iol = IO^iA 

loL = 12mA 


■ 


V 

•id 

Logical “1” Drive Current 

V out = 1.5V 

-75 

-250 


mA 

Iqd 

Logical “0” Drive Current 

<3= 

ll 

—i. 

cn 

< 

+100 

+150 


mA 

Hi-Z 

TRI-STATE Output Current 

0.4 V <V OU T< 2.7 V 

-100 


+100 

MA 

Icc 

Supply Current 

All Outputs Open 






DP84240 

All Outputs High 


16 

50 




All Outputs Low 


74 

125 




All Outputs Hi-Z 


80 

125 

mA 


DP84244 

All Outputs High 


40 




All Outputs Low 

■ 

100 





All Outputs HI-Z 


115 
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Switching Characteristics Vcc = 5V±10%, 0 «STa<70°C, all outputs loaded with specified load capacitance 

and all eight outputs switching simultaneously. (See Note 3.) 


Symbol 

Parameter 

Conditions 




HBI 

tpLH 

Propagation Delay from 


C L = 250pF 

9 

16 

27 

ns 

LOW-to-HIGH Output 

Figures 1 & 3 

C L = 500pF 

10 

20 

33 


Propagation Delay from 

C L = 250 pF 

9 

16 

25 

ns 

IPHL 

HIGH-to-LOW Output 


C L = 500pF 

12 

20 

31 

tpLZ 

Output Disable Time from LOW 

Figures 2 & 4, 

S = 1, C L = 50 pF 


11 

24 

ns 

tpHZ 

Output Disable Time from HIGH 

Figures 2 & 4, 

S = 2, C L = 50pF 


12 

24 

ns 

tpZL 

Output Enable Time to LOW 

Figures 2 & 4, 

S = 1, C L = 500 pF 


30 

45 

ns 

tpZH 

Output Enable Time to HIGH 

Figures 2 & 4, 

S = 2, C L = 500pF 


23 

35 

ns 

tSKEW 

Output-to-Output Skew 
See Note 4. 




3 


ns 


Capacitance 

T a = 25°C, f = 1 MHz, V cc = 5V ± 10%. See Note 3. 


Parameter 

Conditions 



C IN 

All other inputs tied low 

6 

pF 

Gout 

Output in TRI-STATE 

20 

PF 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: All currents into device pins shown as positive; all currents out of device pins shown as negative; all voltages referenced to ground unless otherwise 
noted. All values shown as max. or min. are on an absolute value basis. 

Note 3: Typical characteristics are taken at V cc = 5.0V and T A = 25°C. 

Note 4: The output-to-output skew is primarily a function of the number of outputs switching and the capacitive loading on those outputs. See Figures 5 and 6 
for the switching time variations. 



7-17 


DP84240/DP84244 




















DP84240/DP84244 


Switching Test Circuits 



cl* > « 

> 2kQ 


•Cl includes probe and jig capacitances 

TUF5219 

FIGURE 1. Capacitive Load Switching 


FIGURE 2. Three-State Enable/Disable 


Typical Switching Characteristics 


Voltage Waveforms 



t r =t|=2.5ns 
t=2.5MHz 
Ipw— 200ns 


■ _ VOL 

■ V ov 


1 


0.5V 


1 



V 

/ 




— tPZL 


t r =tf— 2.5ns 
f=1 MHz 
Ipw— 800 ns 


FIGURE 3. Output Drive Levels 

Typical Performance Curves 


FIGURE 4. Three-State Control Levels 


TA = 25 0 C 
■ Vqc=5.0V 


"I 

— 

r~ 



/ 

/ 




/ 

/ 




1 i 





If 

1 1 1 

ALL OUTPUTS 
■SWITCHING 
SIMULTANEOUSLY 













10 20 30 

tPLH (NS) 


TA = 25°C 
-VCC = 5.0V 


ONE 

' OUTPUT 
SWITCHING 


1 

*— 

J 



/ 

i 

> 



/ 

J 




1 

/ 




9 

i i i 

ALL OUTPUTS 

SWITCHING 

SIMULTANEOUSLY 












10 20 30 40 

tPHL (NS) 


FIGURE 5. tp LH Measured to 2.7V on Output vs. Cl 


FIGURE 6. tpHL Measured to'0.8V on Output vs. Cl 
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Typical Performance Curves (Continued) 



0 1.0 2.0 3.0 4.0 5.0 

(-FREQUENCY (MHz) 


FIGURE 7. Typical Power Dissipation for DP84240 at 
Vcc = 5.5V (All 8 drivers switching 
simultaneously) 



0 1.0 2.0 3.0 4.0 5.0 


(-FREQUENCY (MHz) 

TUFUtl 

FIGURE 8. Typical Power Dissipation for DP84244 at 
Vcc = 5.5V (All 8 drivers switching 
simultaneously) 


Typical Application 


•Resistor required depends on DRAM load. See AN-305 
"Precautions to Take When Driving Memories.” 



RAS 3 


RAS 2 


RAS 1 


RAS 0 

DP8408/9 

WE 

DYNAMIC 


RAM 

CAS 

CONTROLLER 

AO-7 





"VvV — 



DP84244 






W/ /■ 


•These outputs may need resistors. 

See App. Note "Precautions to Take When Driving Memories." 


0P84244 



UP TO 72 
BIT 

DATA BUS 


DP84244 used as a buffer in a large memory array (greater than 88 dynamic RAMs) 
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Single-Chip Controllers 
Cover All RAMs from 16k to 256k 


A family of single-chip dynamic RAM controllers provides the access-timing 
and refreshing capability for any chip made, or projected. 


Single-chip controllers cover 
all RAMs from 16-k to 256-k 


While the high performance and low cost of MOS 
dynamic RAMs make them the most widely used 
digital semiconductor devices, operating them is 
more difficult than most other memory chips. De- 
mands are growing for both the automatic sequenc- 
ing of RAM-access timing and the automatic control 
of refreshing. National Semiconductor’s response is 
the DP8400 family of memory-interface circuits. The 
first two members, the DP8408 and the DP8409, are 
powerful single-chip dynamic-RAM controllers 
housed in 48-pin dual-in-line packages and, more 
important, designed to drive the entire range of 
dynamic RAMs. 

The DP8408’s eight address outputs drive all cur- 
rent 16-k and 64-k dynamic RAMs. The DP8409, with 
nine address outputs, not only handles the same 
RAMs as the 8408, but can control the coming 
generation of 256-k memory chips. Both devices are 
pin-compatible, which means a system designed with 
the DP8408 to control 64-k chips can be directly 
upgraded to the DP8409 when 256-k RAMs appear 
on the market. Another benefit for designers is 
alternate-sourcing— the first DP8400 devices are 
available from MonolithicMemories(Sunnyvale,CA). 

The DP8408, a subset of the DP8409, fits into 
applications that do not require automatic 
refreshing. But it does have automatic access modes. 
The DP8409 is designed for any type of dynamic 
RAM system, from small microprocessor-based 
systems to large memory boards. An automatic- 
accessing mode makes it desirable in mainframes, 
since it reduces skew time to that of just one chip, 
while offering tracking of the RAM input controls. 
This faster accessing permits the use of slower 
RAMs. With 64-k RAMs, for example, the cost 


Mike Evans, Applications Manager, Logic Group 
Charles Carlnalll, Design Manager, Interface Circuits 


savings between 200-ns and 150-ns devices is signifi- 
cant when large quantities are involved. 

Microprocessor users will prefer the DP8409 to 
other controllers because a single chip performs all 
the basic automatic access sequencing and automatic 
refreshing control. (If desired, external refreshing 
can be used with either controller.) Fast automatic 
accessing eliminates the need for the wait states that 
are normally required in faster microprocessors. 
Automatic refreshing eliminates complicated re- 
fresh-arbitration control circuitry while offering a 



1 . With a 9-blt output bus suitable for interfacing with the 
largest dynamic RAMs (256 k), National Semiconductor’s 
DP8409 RAM controller drives every RAM available. Features 
Include automatic accessing, automatic refreshing, andhlgh- 
Impedance outputs when not selected. An 8-blt version, the 
DP8408, operates with RAMs up to 64 kbits, and Is used In 
applications that do not require automatic refreshing. 


Published In Electronic Design, February 4, 1982. 
Reprinted by permission. 
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hidden refresh feature to increase the system 
throughput. The DP8409 offers full control, includ- 
ing byte writing, of the 68000, 8086, and Z8000 
microprocessors, and National Semiconductor’s new 
16032 16-bit microprocessor. 

Controlling a dynamic RAM is no simple task (see 
“Dynamic RAM Operation— from HAS to CAS”). 
Three timing delays are required for an access, and 
refreshing must be performed continually. With the 
arrival of powerful 16-bit processors and their large, 
direct memories, a single-chip controller becomes 
necessary for efficient system design. Propagation 
timing delays through the controller must be in the 
tens of nanoseconds to minimize total access time. 
Moreover, to eliminate the propagation delays 
caused by additional memory drivers, a controller 
should be capable of directly driving a large number 
of RAMs. The controller must also reduce component 
cost and conserve PC-board area. 

To fulfill these requirements,- the DP8408 and 8409 
are fabricated in bipolar technology rather than 
MOS. LSI capability exists in bipolar technology, and 
bipolar dynamic-RAM controllers are already 
available. Two such controllers, Intel’s 8202 and 
AMD’s 2964 (AMZ8164), represented early attempts 
to bring timing delays under system control. 

In the Intel device, the clock is independent of the 


access-request signal, causing excessive synchroniz- 
ing delays before the appearance of the output 
signals. This leads to long system access times, and 
for most 16-bit microprocessors requires the inser- 
tion of wait states. The AMD controller is an address 
multiplexer with an on-board refresh counter and 
bank selection for up to four banks of RAMs. While 
this device drives a small number of RAMs, AMD 
offers octal memory drivers that can be placed 
between the 2964 and the RAMs. Delays become 
progressively longer as timing signals proceed 
through the delay timer, the 2964, and the additional 
drivers. And external components are needed to 
initiate timing delays. Quite simply, the DP8408 and 
DP8409 go well beyond the access-time and func- 
tional capabilities of the 8202 and 2964. 

On board the RAM controllers 

A functional block diagram of the DP8409 is shown 
in Fig. 1. The DP8408 is similar, except for its 8- 
bit-wide multiplexed address-bus and the fact that 
its R/C andCASlN inputs do not provide dual func- 
tions asRFCK andRGCK inputs, as they do in the 8409. 

The multiplexed address outputs of both con- 
trollers can be selected from the row or column input 
latches, or from the refresh counter. A high level 
on input signal ADS enables input row-addresses, R 0 



2. The Interface of the DP8409 RAM controller to a 1 6-blt microprocessor looks ahead to the 
day when 256-kblt dynamic RAMs are available. By designing-ln the controller now, no 
modifications to printed-circuit boards will be necessary when 256-k devices are developed. 
Simply exchanging controller chips will allow the memory -control capability of a 
mlcroprocessortolncreaseby four times. 
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through R s , input column-addresses C 0 through C 8 , 
and bank-select inputs B 0 and Bi into their respective 
input latches. ADS also latches these signals on its 
low-going edge. In a normal RAM access, B 0 and Bi 
are decoded to determine which bank is selected. By 
enabling one of the four RAS outputs (when RASIN 
goes low), the contents of the row-address latch are 
strobed into the selected RAMs. 

Now the control logic causes the row addresses to 
be replaced with the column addresses, and CAS goes 
low as determined by the control logic. This causes 
the contents of the column-address latch to be 
strobed into the selected RAMs. 

On a write cycle, we must be low as CAS goes low; 
on a read cycle, We must be high. For a read-m odif y- 
write cycle, we must go low some time after CAS— 
this is specified in RAM data sheets. To simplify 
control, We follows WIN unconditionally 20 ns later, 
typically. Three mode pins— M 0 , Mi, and M 2 (M 2 is 
refresh mode)— offer externally selected operating 
modes. For example, mode 5— automatic access- 
identified by code 101, can be changed to mode 1— 
forced refresh— identified by code 100, when M 2 is 
driven low. These modes include automatic and 
external control of accesses, and various refreshing 
modes. 

Input pin CS selects or deselects the controller to 
allow for multiaddressing of memory. For accesses, 
CS is normally low, but to access a second DP8409 
sharing the same memory, CS of the first 8409 must 
go high. This puts the three-state address outputs 
in a high-impedance high-state through an external 
5-kS2 pull-up resistor, and sets the control signals to 
a high impedance to prevent them from drifting low; 
a low level can result in a false access. Switching 
between chips takes about 30 ns, providing fast 
multiaddressing. Refreshing must be performed us- 
ing only one chip. As CS goes high in mode 5, 
deselection is overridden and, provided RFCK is 
already high, hidden refreshing can occur. 

Input/output pin RF I/O can be used to clear the 
refresh counter when it has been set low by an 
external open-collector gate. It also sends out an end- 
of-count signal— a low level — when the refresh 
counter has filled (counts are selectable to 127, 255, 
or 511). This is a useful feature for burst refreshing. 
In the automatic-refresh mode, RF I/O becomes the 
signal Refresh Request. 

No problems with capacitive loads 

One important asset of the DP8408 and 8409 is their 
ability to drive high-capacitance loads. RAM inputs 
are generally specified as having a maximum input 
capacitance of 10 pF/pin, but in large RAM systems, 
the worst-case input capacitance is usually on the 
order of 2.5 pF per input. However, one or two devices 



3. The DP8408/8409’s automatic-accessing capability uses 
on-chlp delay paths to provide taster access while saving on 
external delay-timing circuitry. On-chlp Schottky inverters 
track extremely well with temperature and voltage, keeping 
access-times stable. 

in a system can go up to 10 pF, especially at high 
temperature. On the other hand, RAM input currents 
carry specifications of around 10 //A maximum, but 
actual input currents seldom exceed 3 nA per input 
in large systems. Of the two parameters— 
capacitance and input current — high capacitance 
always causes more system problems. 

In addition to a RAM’s input capacitance, designers 
must consider the capacitance of the PC-board 
traces. The value of capacitance depends on trace 
length, nearness to other traces, board thickness, etc. 
Generally, this amounts to about 3.2 pF per input, 
giving a total worst-case input capacitance of 5.7 
pF/input. 

The output stages of the DP8408/8409 can drive 
up to 88 RAMs, or 500 pF of capacitive loading. 
Looking at it another way, the controllers can drive 
four banks each of 16-data bits plus 6 associated 
check bits for error correction; two banks of 32 data 
bits with 7 check bits; one bank of 64 data bits with 
8 check bits; or any smaller combination. Output rise 
and fall times are proportional to the capacitive 
loading, and more than 500 pF increases transition 
time. Similarly, less than 500 pF decreases propaga- 
tion delays. 

The output-driver stages of the DP8409/8409 are 
matched. Each stage has symmetrical high and low 
drive capability, which require that the high and low 
on-resistances be the same. High output currents are 
needed to quickly charge or discharge the effective 
RAM load capacitance on each output. In most 
applications, a series damping resistor is required 
between each output and the RAM to minimize 
undershoot. Undershoot occurs at RAM inputs hav- 
ing both inductive board traces and high capacitive 
loads on high-to-low transitions. 
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The value of the series damping resistor depends 
heavily on the board layout. Address lines usually 
use a value different from control lines, but both are 
functions of layout and input loading. The resistor 
is almost tuned to a specific board since too high a 
value yields an excessively slow edge, while too low 
a value does not remove the undershoot. In any case, 
damping-resistor values vary from 15 to 100 il. 

Control over all RAMs 

The DP8408 and 8409 are designed to control all 
multiplexed-address dynamic RAMs. The DP8408, 
with eight multiplexed address outputs and an 8-bit 
refresh counter, controls 16-k dynamic RAMs (+5 
V or three-power-supply types) and both configura- 
tions of 64-k RAMs (128 rows by 512 columns or 256 
rows by 256 columns). Memory users can specify 
either of the two 64-k RAM configurations provided 
the refresh counter on the DP8408 is used. This 
replaces on-the-RAM refresh counters offered by 
some RAM manufacturers. 

The DP8409’s nine address pins and 9-bit refresh 
counter allow it to control 16-k, 64-k, and 256-k 
RAMs. Designers can take advantage of the 8409’s 
256-k capability by building current memory boards 
using the device. No modifications will be needed 
when the 256-k RAMs are available. By simply 
providing for two new input address lines and 
connecting Q 8 (the ninth multiplexed address output) 
to A H (pin 1) of the RAMs, the memory size can be 
increased instantly by a factor of four. Figure 2 
shows how the connections are made. 

Automatic accessing capability is provided by the 
8408 and 8409 using on-chip delay paths to generate 
the correct timing sequence (Fig. 3). These delays 
are initiated from only one input signal, RASIN' This 
generates all the access-sequencing required by most 
RAMs. Automatic accessing operates in the follow- 
ing manner: First, RASIN is used to generate the 
selected RAS output as decoded from bank-select 
signals Bi and B 0 . RASIN is also fed to the first series 
of Schottky inverters to produce the necessary delay 
before rows can be switched to columns. This guaran- 
tees exceeding the row-address hold time (t RA n) of 
most RAMs. For 64-k RAMs, t RAfl varies from 20 
to 25 ns, so the minimum specification for the 8408 
and 8409, 30 ns, is on the safe side. If the address 
outputs are driving 500-pF loads, switching from row 
addresses to valid column addresses takes 10 ns. The 
second series of inverters setCAS low 12 ns (typically) 
after the columns are valid. 

The inverters track with temperature and V cc , as 
do the output driver stages. Tracking of the output 
paths holds over the specified temperature and V cc 
ranges. Since Schottky-logic parameters do not vary 
significantly with temperature or V cc , the absolute 


times are not affected by more than 25% over the 
0 to 70°C range. At the end of an access-cycle, RASIN 
goes high and the sequence repeats at a higher speed 
to terminate the cycle. 

An automatic-access mode offers two important 
advantages: First, there is no need for external 
timing delay circuitry — this saves cost, memory- 
board area, and the timing skews that external 
circuitry introduces. Second, this sequence is much 
faster than a clocked sequencing approach — that is, 
the delay from RASIN input to CAS output is much 
shorter. Benefits include a faster system access time, 
the possibility of eliminating a wait state in a 
microprocessor memory-access cycle, or the ability 
to choose slower RAMs (a lower-cost solution) 
without affecting access time. And since both chips 
need no external memory drivers, the timing skews 
are confined to just one chip. 

If automatic timing is not desired, another mode 
allows all timing to be under the control of the 
relevant external control signals. RASIN initiates the 
selected RAS output, R/C selects either the row or 
column address, and CASIN controls CAS. 


The DP8408 performs refresh operations only un- 
der external control. The microprocessor system 
decides when a refresh is needed by setting M 2 
(REFRESH) low to place the refresh counter contents 
on the address outputs. Then the system sets RASIN 
low to allow all four RAS outputs to low-stroke the 
refresh address into the rows of all four banks of 
RAMs. CAS is inhibited, preventing a false write, and 
the RAM data outputs remain in a high-impedance 
state. 

A refresh cycle ends when RASIN goes high and the 
refresh counter increments, ready for the next 
refresh cycle. Most RAMs require that all 128 rows 
be refreshed in 2 ms, or 256 rows in 4 ms. This can 
be accomplished by either guaranteeing a refresh on 
one row every 16 ^s, or performing a burst refresh 
of 128 rows at the start of each 2-ms period, until 
RF I/O indicates end-of-count. Most system designers 
prefer one refresh every 16 ns. But this can involve 
inhibiting normal memory accessing, and requires 
refresh arbitration. 

The end-of-count indication on RF I/O can be set 
under external system control to either 127 or 255 
for burst-refresh applications. Actually, the internal 
address counter still counts to its maximum value, 
independent of the end-of-count value— the RF I/O 
value is a result of counter decode and does not reset 
the counter. This simplifies the RAM interface since 
the higher-order address bit-count is ignored by 
RAMs with 128 rows. 

In addition to providing the external-control 


Refreshing comes in many forms 
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refresh mode of the 8408, the 8409 performs hidden 
refreshing in one of the automatic-access modes. To 
attain maximum throughput, it is obviously advan- 
tageous to perform refreshes without interrupting 
the system. The DP8409 can do this by monitoring 
the CS input to see if it is high. If CS is high, the 
RAMs are not being accessed. If CS is high for one 
cycle, the 8409 performs a hidden refresh during this 
cycle, and stops in time for the system to start 
another access. But if a hidden refresh does not occur 


in a specific 16-gs time slot, a refresh must be forced, 
possibly by stopping the system. 

To perform auto-refreshing, the DP8409 must 
receive two clock signals: the 16-gs refresh-period 
clock, RFCK, andRGCK, the RAS-generator clock; RGCK 
can be the microprocessor clock. To keep the number 
of pins at 48, RFCK and RGCK share pins with other 
signals. In the automatic-access mode (mode 5), 
neither R/C nor CASIN are used, so these duplicate 
as RFCK and RGCK in modes 1 and 5. To stop the 


Dynamic RAM operation— from RA§ to CAS 


The operation of a dynamic 
RAM (see figure) is, in a word, 
complex: Not only do its multi- 
plexed address inputs require de- 
layed timing signals, but it must 
be refreshed continually. 

During an access to a RAM, the 
first step requires that a row ad- 
dress be presented to the multi- 
plexed address inputs. As the row- 
address signal (RM) goes low, the 
address is latched into the row 
latch, and decoded to the memory 
array. There, the outputs from the 
selected row are presented to the 
sense amplifiers. Row addresses 
must be held on the address inputs 
for a predetermined time— t RAIL , 
or row-address hold-time— after 
RAS switches low. 

At this time, the row address 
can be replaced by a column-ad- 
dress. When a column address is 
valid, the column-address strobe 
(CAS) goes low to latch the address 
into the column latch. Column- 
addresses are decoded to allow a 
selected sense amplifier to send 
data to the output data-latch (dur- 
ing a read cycle). In a write cycle, 
with the Write Enable signal 
(We) already low, a low-going CAS 


signal causes the selected cell to be 
set to the value at the data input. 

The RAM block diagram shows 
the chip’s operation, including the 
internal gating of the control 
signals. One key feature is that 
RAS internally controls CAS. Thu9, 
if RAS is already low when CASgoes 
low, a normal read or write cycle 
follows, and the chip consumes its 
full operating current. On the 
other hand, if CAS goes low while 
RAS is high, CAS Int is inhibited 
along with RAS, and the RAM con- 
sumes only the current required 
for standby. In this case, the chip 
is deactivated. Similarly, we int is 
controlled by both RAS and car 

This simplifies bank selection 
by using different RAS outputs to 
select the banks. CAS and we can 
be common to all the RAM-banks, 
along with the multiplexed ad- 
dressing. For example, in a four- 
bank system, only one ras goes 
low in any access-cycle. This ac- 
tivates all the RAMs in a selected 
bank, but does not activate RAMs 
in the other three banks. These 
latter RAMs remain in the 
standby mode. The common data 
bus accesses only the selected 


bank, whether reading or writing. 

Besides a complex sequencing 
arrangement, dynamic RAMs 
must be refreshed to prevent the 
capacitor in each cell from losing 
its charge, which represents in- 
formation. If any row is not ac- 
cessed for too long a period of time 
—the refresh period— capacitors 
will discharge, causing the voltage 
to drop below the sense-amplifier 
threshold. Then, when the row is 
finally accessed, its outputs will 
appear as all zeros or all ones, 
depending on which side of the 
sense amplifier is accessed. 

Most RAMs have 2-ms mini- 
mum refresh times, but 64-k 
dynamic RAMs are typically much 
higher. When accessing a row for 
refresh, RAS is needed for a strobe, 
but CAS is not necessary. The 
simplest approach to refreshing is 
to access a refresh counter that 
increments at the end of each 
refresh RAS. For some RAMs, 128 
rows must be refreshed in 2 ms, 
while others require refreshing 
256 rows in 4 ms. With distributed 
refreshing, one row must be 
refreshed every 16 /*s for proper 
operation. 
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system, the DP8409 gives preference to hidden 
refreshing using RFCK as a level reference. The 16- 
ms cycle commences as RFCK goes high; if CS goes high 
while RFCK is high, the refresh counter is enabled 
on the address outputs, overriding the internal three- 
state signals (Fig. 4a). All four RAS outputs follow 
RASiN, so to perform a refresh, ftASlN must be set 
low. In smaller systems, RASlfi is set low every time 
a microprocessor performs a read or write cycle. 
Each time the processor accesses something other 
than RAM— a peripheral or ROM or another memory 
segment— a hidden refresh is performed. 

The DP8409 detects that Cs is high when the 
processor accesses another section of the system and 
places the present state of the refresh counter 
outputs on the multiplexed address bus to memory. 
When the Read or Write output of the 
microprocessor is activated, RaSin follows. This 
causes all four RAS outputs to low-strobe the refresh 
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4. Automatic refreshing can be performed In three different 
ways with the DP8409 controller. A hidden refresh (a) occurs 
while the microprocessor Is reading or writing elsewhere In 
the system. Although undesirable, forced refreshing (b) can 
be performed by stopping the microprocessor. A better 
technique for forced refreshing (c) Is to Insert wait states Into 
theprocessortlmlngcycle. 


address into the RAMs. Whe n the cycle ends, RASIN 
ends, forcing the four RAS outputs back to their 
inactive states. This ends the hidden refresh. 

At this time, the refresh counter increments, and 
another microprocessor cycle can begin immediately. 
This cycle can be a memory access; therefore, the 
previous refresh cycle has been completely hidden 
from the microprocessor. The DP8409 allows only 
one such hidden refresh cycle to occur within a clock 
cycle of RFCK to minimize power dissipation. 

If a hidden refresh does not occur, the DP8409 must 
force a refresh before RFCK begins a new cycle on 
a low-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF I/O 
(Refresh Request) goes low requesting that a refresh 
be performed. When the system acknowledges the 
request, it sets M 2 (refresh) low, and prevents further 
accesses to the DP8409. The 8409 then sends out the 
refresh-counter contents and interrogates RGCK— in 
most applications, RGCK is 100 to 150 ns. The 8409 
waits one full cycle of RGCK before setting all four 
RAS outputs low. This guarantees that the minimum 
RAS precharge time of the RAMs is exceeded. Then 
RF I/O goes high, allowing the system to recognize 
that holding is about to end. Most microprocessors 
allow enough time so that as refresh finishes, they 
are almost ready to begin again. The RaS - outputs 
remain low for the next two clock periods to exceed 
the minimum tR AS time for refreshing— 200 ns is 
about the right time. When all RAS outputs go high, 
the refresh counter increments. 

A minimum component-count solution to forced 
refreshing is to connect RF I/O to the Hold or Bus- 
Request input of a microprocessor, and the Hold 
Acknowledge or Bus Grant output to M 2 (Fig. 4b). 
For some microprocessors, it may be preferable to 
continue operation without going into hold, and with 
additional circuitry, the approach can be easily 
implemented as shown in Fig. 4c. Using this tech- 
nique of forced refreshing, the control circuit 
monitors the refresh-request output. When this 
output switches low, the control circuit waits for a 
new microprocessor cycle to begin. If the next cycle 
is for the segment of memory controlled by the 
DP8409,c5 and the control circuitry will be set low. 
The control circuitry issues a Wait signal to the 
microprocessor, which is removed when refreshing 
has ended. If CS is set high, the refresh cycle begins 
and ends without affecting other system cycles. In 
effect, this is still a hidden refresh. □ 
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DP8408 Dynamic RAM Controller/ Driver 


General Description 


Operational Features 


Dynamic memory system designs, which formerly re- 
quired several support chips to drive the memory array, 
can now be implemented with a single 1C. . .the DP8408 
Dynamic RAM Controller/Driver. The DP8408 is capable 
of driving all 16k and 64k Dynamic RAMs (DRAMs). 
Since the DP8408 is a one-chip solution (including 
capacitive-load drivers), it minimizes propagation delay 
skews, the major performance disadvantage of multiple- 
chip memory drive and control. 

The DP8408’s 6 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on- 
chip refresh counter makes refreshing less complicated. 

The DP8408 is a 48-pin DRAM Controller/Driver with 8 
multiplexed address outputs and control signals. It 
consists of two 8-bit address latches, an 8-bit refresh 
counter, and control logic. All output drivers are capable 
of driving 500pF loads with propagation delays of 25 ns. 
The DP8408 timing parameters are specified driving the 
typical load capacitance of 88 DRAMs, including trace 
capacitance. 

The DP8408 has 3 mo de-control p ins: M2, Ml, and MO, 
where M2 is in general REFRESH. These 3 pins select 6 
modes of operation. Inputs B1 and BO in the memory 
access mod es (M 2 = 1), are select inputs which select 
one of four RAS outputs. During normal access, the 8 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
8-bit on-chip refresh cou nter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS is inhibited. 

The DP8408 can drive up to 4 banks of DRAMs, with 
each ba nk c o mpri sed of 16k’s, or 64k’s. Control signal 
outputs RAS, CAS, an d WE are provided with the same 
drive capability. Each RAS o utput drives one bank of 
DRAMs so that the four R AS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks in the standby mode (less 
than one tenth of the operating power) with the data out- 
puts in TRI-STATE®. Only the bank with its associated 
RAS low will be written to or read from. 


■ All DRAM drive functions on one chip — minimizes 
skew on outputs, maximizes AC performance 

■ On-chip capacitive-load drives (specified to drive up 
to 88 DRAMs) 

■ Drives directly all 16k and 64k DRAMs 

■ Capable of addressing 64k and 256k words 

■ Propagation delays of 25ns typical at 500pF load 

■ CAS goes low automatically after column addresses 
are valid if desired 

■ Auto Acces s mo de provides RAS, Row to Column, 
select, then CAS automatically and fast 

■ WE follows WIN unconditionally— offering READ, 
WRITE or READ-MODIFY-WRITE cycles 

■ On-chip 8-bit refresh counter with selectable End-of- 
Count (127 or 255) 

■ End-of-Count indicated by RF I/O pin going low at 
127 or 255 

■ Low input on RF I/O resets 8-bit refresh counter 

■ CAS inhibited during refresh cycle 

■ Fall-through latches on address inputs controlled by 
ADS 

■ TRI-STATE outputs allow multi-controller addressing 
of memory 

■ Control output signals go high-impedance logic “1” 
when disabled for memory sharing 

■ Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 

Mode Features 

■ 6 modes of operation: 3 access, 1 refresh, and 2 set-up 

■ 2 externally controlled modes: 1 access (Mode 4) and 
1 refresh (Modes 0, 1, 2) 

■ 2 auto-access modes RAS -*• R/C -►.CAS automatic, 
with t RAH = 20 or 30ns minimum (Modes 5, 6) 

■ Externally controlled All-RAS Access modes for 
memory initialization (Mode 3) 

■ End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 


SYSTEM 


SYSTEM RAM 



SYSTEM RAM 

ADDRESS ADDRESS 


MEMORY 


16k OR 64k 
DYNAMIC 
RAM BANKS 


DP8408 Interface Between System & DRAM Banks 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Block Diagram 



Table 1. DP8408 Mode Select Options 


Mode 

(RFSH) 

M2 

Ml 

MO 

Mode of Operation 

Conditions 

0 

0 

0 

0 

Externally Controlled Refresh 

RF I/O = EOC 

1 

0 

0 

1 
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Pin Definitions 

Vcci GND, GND — Vcc = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from V cc , so that 
decoupling capacitors can be inserted directly next to 
these pins. It is important to adequately decouple this 
device, due to the high switching currents that will 
occur when all 8 address bits change in the same direc- 
tion simultaneously. A recommended solution would be 
a VF multilayer ceramic capacitor in parallel with a low- 
voltage tantalum capacitor, both connected as close as 
possible to pins 36 and 38 to reduce lead inductance. 
See Figure below. 

Vcc (PIN 36) O- 

•MULTILAYER 
CERAMIC 

GND (PINS 38, 13) O— 

•Capacitor values should be chosen depending on the 
particular application. 


“f 


•TANTALUM 


-4 


R0-R7: Row Address Inputs. 

C0-C7: Column Address Inputs. 

Q0-Q7: Multiplexed Address Outputs — Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter.* 

RAS lN: Row Address Strobe Input — Ena bles selected 
RAS n output when M2 (RFSH) is high, or all RAS n outputs 
when RFSH is low. 

R/C: Row/Column Select Input — Selects either the row 
or column address input latch onto the output bus. 

CASIN: Column Address Strobe Input — Inhibits CAS 
output when hig h in M odes 4 and 3. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input — Row Address, Col- 
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-low transition. 

CS: Chip Select Input — TRI-STATE’s the Address Out- 
puts and puts the control signal into a high-impedance 
logic “1” state when high (except in Mode 0); enables ail 
outputs when low. 

MO, Ml, M2: Mode Control Inputs — These 3 control pins 
determine the 6 major modes of operation of the DP8408 
as depicted in Table 1. 

RF I/O — The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active-low when M2 = 0 and 
the End-of-Count output is at 127 or 255 (see Table 3). 


WIN: Write Enable Input. 

WE: Write Enable Output — Buffered output from WIN.* 

CA S: Co lumn Address Strobe Output — In Modes 5 and 
6, CAS goes low following valid column jiddress. In 
Modes 3 and 4, it transitions low after R/C go es lo w, 
or follows CASIN going low if R/C is already low. CAS is 
high during refresh.* 

RAS 0-3: Row Address Strobe Outputs — Selects a 
memo ry bank de coded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected.* 

BO, B1: Bank Select Inputs — Strobed by ADS. Decoded 
to enable one of the RAS outputs when RASlN goes low. 
Also used to define End-of-Count in Mode 7 (Table 3). 

•These outputs may need damping resistors to prevent overshoot, 
undershoot. See AN-305 “Precautions to Take When Driving 
Memories.” 


Table 2. Memory Bank Decode 


Bank Select 
(Strobed by ADS) 

Enabled RAS n 

B1 

BO 

0 

0 

RAS 0 

0 

1 

RASi 

1 

0 

ras 2 

1 

1 

ras 3 


Connection Diagram 



NC = N0 CONNECTION 


Order Number DP8408N, DP8408N-2 
DP8408N-3, DP8408D, DP8408D-2 or 
DP8408D-3 

See NS Package N48A or D48A 
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Conditions for all Modes 

Input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. 
The address latches are fall-through when ADS is high 
and latch when ADS goes low. If the address bus con- 
tains valid addresses until after the valid address time, 
ADS can be permanently high. Otherwise ADS must go 
low while the addresses are still valid. 

In normal memory access operation, RASIN and R/Care 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the Q 
outputs. The address strobe also inputs the bank-select 
address, (BO and B1). If CS is low, all outputs are en- 
abled. When CS is transitioned high, the address out- 
puts go TRI-STATE and the control outputs first go high 
through a low impedance, and then are held by an on- 
chip high impedance. This allows output paralleling 
with other DP8408s for multi-addressing. All outputs go 
active about 50ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 

Drive Capability 

The DP8408 has timing parameters that are specified 
with up to 600pF loads. In atypical memory system this 
is equivalent to about 88, 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, 
and more loading will increase the timing parameters, 
according to the graph of Figure 6. The AC performance 
parameters are specified with the typical load capaci- 
tance of 88 DRAMs. This graph can be used to extrapo- 
late the variations expected with other loading. . 

Because of distributed trace capacitance and induc- 
tance and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM inputs that can change the contents of the 
DRAMs or even destroy them. To remove these spikes, a 
damping resistor (low inductance, carbon) can be in- 
serted between the DP8408 driver outputs and the 
DRAMs, as close as possible to the DP8408. The values 
of the damping resisto rs m ay diffe r between the dif- 
ferent control outputs; RAS’s CAS, Q’s and WE. The 
damping resistors should be determined by the first 
prototypes (not wire-wrapped due to larger distributed 
capacitance and inductance). The best values for the 
damping resistors are the critical values giving a 
critically damped transition on the control outputs. 
Typical values for the damping resistors will be between 
1 50 and 100Q, the lower the loading the higher the value. 
(For more information, see AN-305 “Precautions to Take 
When Driving Memories.”) 


DP8408 Driving any 16k or 64k DRAMs 

The DP8408 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including 
the newer 5V-only version. Hence, in most applications, 
different manufacturers’ DRAMs are interchangeable 
(for the same supply-rail chips), and the DP8408 can 
drive all 16k DRAMs (see Figure la). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, and a 256-row by 256-column 
array with no on-RAM refresh counter. The DP8408 can 
drive all three configurations, and at the same time 
allows them all to be interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility in the 
choice of DRAMs. Since the 8-bit on-chip refresh counter 
can be used as a 7-bit refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for the 
256-row configuration, the on-RAM refresh counter (if 
present) is never used. As long as 128 rows are 
refreshed every 2ms (i.e. 256 rows in 4ms) all DRAM 
types are correctly refreshed. 

When the DP8408 is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached 
its end-of-count. This end-of-count is selectable as 127 
or 255 to accommodate 16k or 64k DRAMs, respectively. 
Although the end-of-count may be chosen to be either of 
these values, the counter is not reset and always counts 
to 255 before rolling over to zero. 

Read, Write, and Read-Modify-Write Cycles 

The output signal, WE, determines what type of memory 
acces s cyc le the memory will perform. If WE is kept high 
while C AS g oes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and data at 
Dl (DRAM i nput data) is written into the DRA M as CAS 
goes low. If WE goes low later than t C wD after CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data D l is written into the same 
address in the DRAM when WE goes low. In this read- 
modify-write case, Dl and DO cannot be linked together. 
The typ e of cycle is therefore controlled by WE, which 
follows WIN. 



Power-Up Initialize 

When V cc is first applied to the DP8408, an initialize 
pulse clears the refresh counter, the internal control 
flip-flops, and sets the End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
Vcc increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky diode-drop 
below Vcci and the output address to TRI-STATE. As V C c 
increases above 2.3 volts, control of these outputs is 
granted to the system. 


7-29 


DP8408 





DP8408 


DP8408 Driving any 16k or 64k Dynamic RAMs 
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+12V or +5V 16K DYNAMIC RAMS 


FIGURE la. DP8408 with any 16k DRAMS 


128 ROWS 
IN 2 MS 



ONLY LS 7 BITS Of REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 


FIGURE 1b. DP8408 with 128 Row x 512 Column 64k DRAM 


128 ROWS 
IN 2 MS 
(OR 256 ROWS 
IN 4MS) 



ALL 8 BITS OF REFRESH COUNTER USED 


FIGURE 1c. DP8408 with 256 x 256 Column 64k DRAM 


7-30 






DP8408 Functional Mode 
Descriptions 

Note: All delay parameters stated In text refer to the DP8408. Substitute 
the respective delay numbers for the DP8408-2 or DP8408-3 when using 
these devices. 

Modes 0,1,2 — Externally Controlled Refresh 

In this mode, the input address latches are disabled from 
the address outputs and the refresh counter is enabled. 
When RAS occurs, the enabled row in the DRAM is re- 
freshed. In the Externally Controlle d Refre sh m ode, all 
RAS outputs are enabled following RASIN, and CAS is 
inhibited. This refreshes the same row in all four banks. 
The re fresh counter increments when either RASiN or 
RFSH goes low-to-high after a refresh. RF I/O goes low 
when the count is 127 or 255, as se t by End-of-Count 
(see Table 3), with RASIN and RFSH low. To reset the 
counter to all zeroes, RF I/O is set low through an exter- 
nal open-collector driver. 

During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address is vali d on 
the address outputs of the controller before the RAS 
outputs go low. The amount of time that RFSH should 


go low before RASIN does d epen ds on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while R FSH is held low. The refresh counter in- 
crements with RASIN going low to high, s o that the 
DRAM rows are refreshed in succession by RASIN go- 
ing high to low. 


Mode 3 — Externally Controlled All-RAS Write 

This mode is useful at system initialization. The mem- 
ory address is provided by the pr ocess or, which also 
perform s the incrementing. All four RAS outputs follow 
RASIN (supplied by the processor), strobing the row ad- 
dress into the DRAMs. R/ C ca n now go low, while CASIN 
may be used to control CAS ( as In the Externally Con- 
trolled Access mode), so that CAS strobes the column 
address contents into the DRAMs. At this time WE should 
be low, causing the data to be written into all four banks 
of DRAMs. At the end of the write cycle, the input ad- 
dress is incremented and latched by the DP8408 for the 
next write cycle. 


* INDICATES DYNAMIC RAM PARAMETERS 




FIGURE 2. External Control Refresh Cycle (MODES 0,1,2) 
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Mode 4 — Externally Controlled Access 

This mode facilitates externally controlling all access- 
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 3. 

Output Address Selection 

Refer to Figure 4a. With M2 (RFSH) and R/C high, the 
row address latch contents are transferred to the multi- 
plexed address bus output Q0-Q7, provided CS is set 
low. The column address latch contents are output after 
R/C goes low. RASIN can go low after the row address- 
es ha ve been set up on Q0-Q7. This selects one of the 
RAS outputs, strobing the row address on the Q outputs 
into the desired bank of memory. After the row-address 
hold-time of the DRAMs, R/C can go low so that about 
40ns later column addresses appear on the Q outputs. 

Automatic CAS Generation 

In a normal memory access cycle CAS can be derived 
from inputs CASIN or R/C. If CASIN is high, then R/C 


going low switch es the address output driver s fro m 
rows to columns. CASIN then going low c ause s CAS to 
go low approximately 40 ns later, allowing CAS to occur 
at a predictable, time (see Figure 4b). If CASIN is low 
when R/C goes low, CAS will be automatically gener- 
ated, following the row to column transition by about 20 
ns (see Figure 4a). Mos t DRAMs have a column address 
set-up time before CAS (t ASC ) of 0 ns or - 10 ns. In other 
words, a t ASC greater than 0 ns is safe. This feature re- 
duces timing-skew problems, thereby improving access 
time of the system. 

Fast Memory Access 

AC parameters tpiFi> t D iF2 may be use d to de termine the 
minimu m delays required between RASIN, R/C, and 
CASIN (see Application Brief 9; “Fastest DRAM Access 
Mode”). 


INPUT CAS 
ALE 

AO-15. 17 

INPUT RAS 
ROW/COLUMN SEL 

WrITe 

REFRESH 

DATA 



FIGURE 3. Typical Application of DP8408 Using Externally Controlled Access and Refresh in Modes 0 and 4 
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'INDICATES DYNAMIC RAM 
PARAMETERS 
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Mode 5 — Automatic Access 


The Auto Access mode has two advantages over the 
Externally Controlled Access mode, due to the fact that 
all outputs excep t WE a re Initiated from RASIN. First, 
inputs R/C and CASIN are unnecessary. Secondly, 
because the output control signals are derived internally 
from one input signal (RASIN), timing-skew problems are 
reduced, thereby reducing memory access time substan- 
tially or allowing use of slower DRAMs. The automatic 
access features of Mode 5 (and Mode 6) of the DP8408 
make DRAM accessing appear essentially “static". 

Automatic Access Control 

The major disadvantage of DRAMs compare d to s tatic 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the 
multiplexed address bus. After the row address has been 


held for t RAH , (the Row-Address hold-ti me o f the DRAM), 
the column address is set up and then CAS occurs. This 
is all performed automatically by the DP8408 in this 
mode. 

Provided the input address is valid as ADS goes low, 
RASIN can g o low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8408. The Address Set-Up time (t ASR ), is 
Ons on most DRAMs. The DP8408 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum t ASR of Ons. This is true provided the input ad- 
dress was valid t ASA before ADS went low (see Figure 5a). 

Next, the row address is disabled after t RAH (30ns mini- 
mum); in most DRAMs, t RAH minimum is less than 3 0ns. 
The column address is then set up and t ASC later, CAS 



•INDICATES DYNAMIC RAM PARAMETERS 


FIGURE 5a. Modes 5, 6 Timing (CASIN High in Mode 6 
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occurs. The only other contro l Inp ut required Is WIN. 
When a write cycl e is required, WIN must go low at least 
30ns before CAS is output low. 

Th is gives a total ty pical delay from: Input address valid 
to RASIN (15 ns); to RAS ( 27 ns ); to rows held (50 ns); to 
columns val id (25n s); to CAS (23ns) == 140ns (that is, 
125ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 
This mode is therefore extremely fast. The external timing 
is greatly simplified for the memory system designer: 
the only system signal required is RASIN. 

Mode 6 — Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a 
faster t RAH of 20ns, minimum. It therefore can only be 


used with fast 16k or 64k DRAMs (which have a t RAR of 
10ns to 15ns) in applications requiring fast access times; 
RASIN to CAS Is typically 105ns. 

In this mode, the R/C pin Is no t used, but C ASIN is used 
to allow an extended CAS after RAS has already 
terminated. Refer to Fi gure 5b. This Is desirable with 
fast cycle-times where RAS has to b e terminated as 
soon as possible before the next RAS begins (to meet 
the p recharge time, or t RP , re quireme nts of the DRAM). 
CAS may then be held low by CASIN to extend the data 
output valid tim e from the DRAM to allow the system to 
read the data. CASI N su bsequently goi ng hig h ends 
CAS. If this extended CAS Is not required, CASIN should 
be set high in Mode 6. 




FIGURE 5b. Mode 6 Timing, Extended CAS 
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Mode 7 — Set End-of-Count 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective value of B1 and BO 
(see Table 3). With B1 and BO the same EOC is 127; with 
B1=0 and B0 = 1, EOC is 255; and with B1=1 and 
B0 = 0, EOC is 127. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 


Table 3. Mode 7 


Bank Select 
(Strobed by ADS) 

End of Count 

B1 

BO 

Selected 

0 

0 

127 

0 

1 

255 

1 

0 

127 

1 

1 

127 



0 200 400 600 800 1000 


CpF 

FIGURE 6. Change in Propagation Delay vs. Loading Capacitance 
Relative to a 500pF Load 
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Absolute Maximum Ratings (Note I) Maximum Power Dissipation* at 25°C 

3 Cavity Package 3542mW 

Supply Voltage, V cc 7.0 V Molded Package 2833mW 

Storage Temperature Range -65°C to +150°C 

input voltage 5.5v Operating Conditions 

Output Current 150 mA _ 

Lead Temperature (Soldering, 10 seconds) 300°C Min Max Units 

V CG Supply Voltage 4.75 5.25 V 

'Derate cavity package 23.6mW/°C above 25 °C; derate molded J A Ambient Temperature 0 +70 °C 

package 22.7mW/°C above 25°C. 

Electrical Characteristics Vcc = 5.0V ± 5%, 0 °C T A « 70°C unless otherwise noted (Notes 2 , 6) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V c 

Input Clamp Voltage 

Vcc = Min., Ic = — 12 mA 


-0.8 

-1.2 

V 

— 

Input High Current for ADS, R/C only 

Vin = 2.5V 


2.0 

100 

fa 

SB 

Input High Current for All Other Inputs* 

V,n = 2.5V 


1.0 

50 

fA 

1, RSI 

Output Load Current for RF I/O 

V| N = 0.5V, Output High 


-1.5 

-2.5 

mA 

1, CTL 

Output Load Current for RAS, CAS, WE 

V| N = 0.5V, Chip Deselect 


-1.5 

-2.5 

mA 

SB 

Input Low Current for ADS, R/C only 

Vin = 0.5V 


-0.1 

-1.0 

mA 

■B 

Input Low Current for All Other Inputs* 

Vin =0.5V 


-0.05 

-0.5 

mA 

V,L 

Input Low Threshold 




0.8 

V 


Input High Threshold 


2.0 



V 

V OL1 

Output Low Voltage* 

l OL = 20mA 


0.3 

0.5 

V 

V 0L2 

Output Low Voltage for RF I/O 

Iql = 10mA 


0.3 

0.5 

V 

V OH1 

Output High Voltage* 

0 

1 

ii 

3 

> 

MM 

IEBI 


V 

VoH2 

Output High Voltage for RF I/O 

Ioh = — 100^A 

msm 

KB 


V 

SB 

Output High Drive Current* 

V OU t = 0.8V (Note 3) 


-200 


mA 


Output Low Drive Current* 

V OU T = 2.7V(Note3) 


200 


mA 

E9 

TRI-STATE Output Current 
(Address Outputs) 

0.4V < V 0U T< 2.7 V, 
CS = 2.0V, Mode 4 

-50 

1.0 

50 


■cc 

Supply Current 

V cc = Max. 


210 

285 

mA 

‘Except RF I/O Output. 

Switching Characteristics: DP8408/DP8408-3 v cc =5.ov± 5 %, o°c<t a < 7 o°c unless other- 
wise noted (Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs includ- 
ing trace capacitance. These values are: Q0-Q7, C L = 500pF; RAS0-RAS3, C L = 150pF; WE, C L = 500pF; CAS, 

C L = 600pF, unless otherwise noted. See Figure 7 for test load. Switches SI and S2 are closed unless otherwise noted, 
and R1 and R2 are 4.7kQ unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

Symbol 

Access Parameter 

Conditions 

8408 

8408 - 3 

Units 

Min 

Typ 

Max 



Max 

tRICL 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 



160 



185 

ns 

tRICL 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

m 


140 

K 


160 

ns 

tRICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

m 

IS! 

60 



E3 

ns 

tRICH 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 



80 




ns 

tRCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 


m 

125 


m 

145 

ns 

l RCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 5a, 5b 


■ 

105 


m 

120 

ns 

*RCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 


i 

40 


m 

40 

ns 

tRCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 5a 


El 

65 


El 

65 

ns 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 5b 

d 

El 

70 

m 

El 

80 

ns 

Irah 

Row Address Hold Time (Mode 5) 

Figure 5a 

J[j] 



i 



ns 

tRAH 

Row Address Hold Time (Mode 6) 

Figures 5a, 5b 





m 


ns 

Use 

Column Address Setup Time (Mode 5) 

Figure 5a 

8 



■ 



ns 

Use 

Column Address Setup Time (Mode 6) 

Figures 5a, 5b 

6 



6 



ns 

Ucv 

RASIN to Column Address Valid 
(Mode 5) 

Figure 5a 


90 

120 


90 

140 

ns 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

’ 

Conditions 

8408 

8408-3 

Units 


Typ 

Max 


EB 

Max 

tRCV 

RASIN to Column Address Valid (Mode 6) 

Figures 5a, 5b 


75 

105 


Ea 

120 

ns 

tRPDL 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 


27 

35 


tm 

40 

ns 

*RPDH 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

El 

23 

32 

ia 

m 

E3 

ns 

Updl 

Address Input to Output Low Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 


m 

ia 

"'.H 

tAPDH 

Address Input to Output High Delay 

Figures 4a, 4b, 5a, 5b 


25 

40 


m 

46 

ns 

tSPDL 

Address Strobe to Address Output Low 

Figures 4a, 4b 


40 

60 



70 

ns 

tsPDH 

Address Strobe to Address Output High 

Figures 4a, 4b 


40 

60 


■a 

70 

ns 

tASA 

Address Setup Time to ADS 

Figures 4a, 4b, 5a, 5b 

Ka 



ia 



ns 

*aha 

Address Hold Time from ADS 

Figures 4a, 4b, 5a, 5b 




■a 



ns 

Uds 

Address Strobe Pulse Width 

Figures 4a, 4b, 5a, 5b 

§\ a 






ns 

twPDL 

WIN to WE Output Delay 

Figure 4b 

m 

25 

30 

m 

n 

35 

ns 

tvVPDH 

WIN to WE Output Delay 

Figure 4b 

m 

30 

60 

m 


70 

ns 

tCRS 

CASIN Setup Time to RASIN High (Mode 6) 

Figure 5b 




aa 



ns 

tcPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 4b 


41 

68 

Ea 

El 

77 

ns 

tcPDH 

CASIN to CAS Delay 

Figure 4b 

m 

39 

50 

Ea 


60 

ns 

tRCC 

Column Select to Column Address Valid 

Figure 4a 


40 

58 


m 

67 

ns 

l RCR 

Row Select to Row Address Valid 

Figures 4a, 4b 


40 

58 


E| 

67 

ns 

tRHA 

Row Address Held from Column Select 

Figure 4a 

■a 



sa 



ns 

tcCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


65 

90 




ns 


Maximum (t R p DL - t RH A) 

See Mode 4 
description 


■ 

13 

B 

B 

18 

ns 

B 

Maximum (t RCC - tcpDL) 

See Mode 4 
description 

■ 

■ 

13 

■ 

B 

18 

ns 

Refresh Parameter 

Irc 

Refresh Cycle Period 

Figure 2 

100 



100 



ns 

tRASINUH 

Pulse Width of RASIN during Refresh 

Figure 2 




Em 



ns 

tRFPDL 

RASIN to RAS Delay during Refresh 

Figure 2 

m 

50 

70 



80 

ns 

f RFPDH 

RASIN to RAS Delay during Refresh 

Figure 2 


40 

55 


■a 

65 

ns 

tRFLCT 

RFSH Low to Counter Address Valid 

CS = X, Figure 2 


47 

60 


■a 

70 

ns 

f RFHRV 

RFSH High to Row Address Valid 

Figure 2 


■a 

60 


■ 

70 

ns 

tROHNC 

RAS High to New Count Valid 

Figure 2 



55 



55 

ns 

tRLEOC 

RASIN Low to End-of-Count Low 

C L = 50pF, Figure 2 



80 



80 

ns 

f RHEOC 

RASIN High to End-of-Count High 

C[_ = 50pF, Figure 2 



80 



80 

ns 

tRST 

Counter Reset Pulse Width 

Figure 2 

El 



El 



ns 

tCTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 



100 

ns 

TRI-STATE Parameter 

tzH 

CS Low to Address Output High from Hi-Z 

Figure 8 

R1 = 3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tHZ 

CS High to Address Output Hi-Z from High 

C L = 15pF, 

Figure 8 

R2 = 1 k, SI open 

1 

20 

40 

1 

20 

40 

ns 

tzL 

CS Low to Address Output Low from Hi-Z 

Figure 8 

R1 =3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

*lz 

CS High to Address Output Hi-Z from Low 

C|_ = 15pF, 

Figure 8, 

R1 = 1 k, S2 open 

1 

25 

50 

1 

25 
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Switching Characteristics (cont d) 


Symbol 



TRI-STATE Parameter 

Conditions 

C5 Low to Control Output High from 
Hi-Z High 

Figure 8 

R2 = 750S2, SI open 

CS High to Control Output Hi-Z High 
from High 

C|_ = 15pF, 

Figure 8 

R2 = 75052, SI open 

CS Low to Control Output Low from 
Hi-Z High 

Figure 8 
SI, S2 open 

CS High to Control Output Hi-Z High 
from Low 

C L = 15pF, 

Figure 8, 

R2 = 75052, SI open 


8408 

i 8408 - 

3 


Typ 

Max 

Em llf-1 

Max 

Units 

50 

80 


50 

80 

ns 

40 

75 

■ 

40 

75 

ns 

45 

75 


45 

75 

ns 

50 

80 

■ 

50 

80 

ns 


Switching Characteristics: DP8408-2 v cc = s.ov± 5%, o°c<t a <7o°c unless otherwise noted 

(Notes 2, 4, 5, 7). The output load capacitance is ty pica l f or 4 banks of 22 DRAMs each or 88 DRA Ms including trace 
capacitance. These values are: Q0-Q7, C L = 500pF; RAS0-RAS3, Cl = 150 pF; WE, C[_ = 500pF; CAS, C L =600pF, unless 
otherwise noted. See Figure 7 for test load. Switches SI and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kfi unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 


Symbol 

Access Parameter 

Conditions 

I RICL 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

Iricl 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

tRICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 5a 

Irich 

RASIN to CAS Output Delay (Mode 6) 

Figures 5a, 8b 

tRCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 

tRCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 5a, 5b 

tRCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 5a 

Ircdh 

RAS to CAS Output Delay (Mode 6) 

Figure 5a 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 5b 

tRAH 

Row Address Hold Time (Mode 5) (Note 7) 

Figure 5a 

tRAH 

Row Address Hold Time (Mode 6) (Note 7) 

Figures 5a, 5b 

tASC 

Column Address Setup Time (Mode 5) 

Figure 5a 

Use 

Column Address Setup Time (Mode 6) 

Figures 5a, 8b 

Ircv 

RASIN to Column Address Valid (Mode 5) 

Figure 5a 

Ucv 

RASIN to Column Address Valid (Mode 6) 

Figures 5a, 5b 

Updl 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

Updh 

RASIN to RAS Delay 

Figures 4a, 4b, 5a, 5b 

Updl 

Address Input to Output Low Delay 

Figures 4a, 4b, 5a, 5b 

Updh 

Address Input to Output High Delay 

Figures 4a, 4b, 5a, 5b 

tsPDL 

Address Strobe to Address Output Low 

Figures 4a, 4b 

tSPDH 

Address Strobe to Address Output High 

Figures 4a, 4b 

USA 

Address Set-up Time to ADS 

Figures 4a, 4b, 5a, 5b 

Uha 

Address Hold Time from ADS 

Figures 4a, 4b, 5a, 5b 

Uds 

Address Strobe Pulse Width 

Figures 4a, 4b, 5a, 5b 

twPDL 

WIN to WE Output Delay 

Figure 4b 

twPDH 

WIN to WE Output Delay 

Figure 4b 

tcRS 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 5b 

tcPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 4b 


8408 - 2 

Min 

IEB3I 

Max 

75 

100 

130 

65 

IE1I 

115 

40. 

IE3I 

60 

50 

m 

80 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8408-2 


Units 

Min 

Typ 

Max 


IBS 


*CPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 4b 

Q 


50 




ns 

tRCC 

Column Select to Column Address Valid 

Figure 4a 

Hi 


58 




ns 

Ircr 

Row Select to Row Address Valid 

Figures 4a, 4b 


m 

58 




ns 

tRHA 

Row Address Held from Column Select 

Figure 4a 

10 






ns 

l CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 

■ 


75 




ns 

l DIF1 

Maximum (t RPD L-tRHA) 

See Mode 4 
description 

■ 

■ 

13 

■ 

■ 

■ 

ns 

l DIF2 

Maximum (t RC c-tcPD!_) 

See Mode 4 
description 



13 




ns 

Refresh Parameter 

tRC 

Refresh Cycle Period 

Figure 2 

mu 






ns 

Irasinl,h 

Pulse Width of RASIN during Refresh 

Figure 2 







ns 

tRFPDU 

RASIN to RAS Delay during Refresh 

Figure 2 

35 

[ 

70 




ns 

tRFPDH 

RASIN to RAS Delay during Refresh 

Figure 2 

30 

E3 

55 




ns 

tRFLCT 

RFSH Low to Counter Address Valid 

CS = X, Figure 2 


■a 

60 




ns 

tRFHRV 

RFSH High to Row Address Valid 

Figure 2 


m 

60 




ns 

tROHNC 

RAS High to New Count Valid 

Figure 2 



55 




ns 

tRLEOC 

RASIN Low to End-of-Count Low 

Cl = 50pF, Figure 2 



80 




ns 

tRHEOC 

RASIN High to End-of-Count High 

C L = 50pF, Figure 2 



80 




ns 

Irst 

Counter Reset Pulse Width 

Figure 2 







ns 

tCTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 




ns 

TRI-STATE Parameter 

tZH 

CS Low to Address Output High from Hi-Z 

Figures 9, 12 
R1 =3.5k, R2 = 1.5k 


35 

60 




ns 

l HZ 

CS High to Address Output Hi-Z from High 

C L = 15pF, 
Figures 9, 12 
R2 = 1 k, SI open 

1 

20 

40 

1 


i 

ns 

tZL 

CS Low to Address Output Low from Hi-Z 

Figures 9, 12 
R1 = 3.5k, R2 = 1.5k 


35 

60 




ns 

tLZ 

CS High to Address Output Hi-Z from Low 

C[_ = 15pF, 
Figures 9, 12 
R1 = 1k, S2 open 

1 

25 

50 

1 

i 

i 

ns 

tfHZH 

CS Low to Control Output High from 
Hi-Z High 

Figures 9, 12 
R2 = 75052, SI open 


50 

80 

■ 

■ 

■ 

ns 

^HHZ 

CS High to Control Output Hi-Z High 
from High 

C L = 15pF, 

Figures 9, 12 
R2 = 75052, SI open 

1 

40 

75 

1 


■ 

ns 

tHZL 

CS Low to Control Output Low from 
Hi-Z High 

Figure 12, 
SI, S2 open 


45 

75 




ns 

*LHZ 

CS High to Control Output Hi-Z High 
from Low 

C L =15pF, 

Figure 12, 

R2 = 75052, SI open 

1 

50 

80 

1 

■ 

■ 

ns 
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Input Capacitance T A =25°c(Notes2,6) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance ADS, R/C 



8 


PF 

C|N 

Input Capacitance All Other Inputs 



5 


PF 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: All typical values are for Ta = 25°C and Vcc = 5 - 0V - 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 1552 resistor should be placed In series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V, tR = tp = 2.5ns, f = 2.5 MHz, tpw = 200 ns. Input reference point on AC measurements is 1.5V. Output 
reference points are 2.7V for High and 0.8V for Low. 

Note 5: The load capacitance on RF I/O should not exceed 50 pF. 

Note 6: Applies to all DP8408 versions unless otherwise specified. 

Note 7: The DP8408-2 device can only be used with memory devices that meet the tR A H specification indicated. 


^R1 



FIGURE 7. Output Load Circuit 



FIGURE 8. Waveform 
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Applications 

If external control is preferred, the DP8408 may be used 
in Modes 0 or 4, as in Figure 3. 

If basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 0 and 5 are ideal, as shown in Figure 
9a. The DP843X2 is used to provide proper arbitration be- 
tween memory access and refresh. This chip supplies all 
the necessary control signals to the processor as well as 


the DP8408. Furthermore, two separate CAS outputs are 
also included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an 1C counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4^s to 15.6^s based 
on the input clock of 2 to 10 MHz. Figure 9b shows the gen- 
eral timing diagram for interfacing the DP8408 to different 
microprocessors using the interface controller DP843X2. 


16-BIT MICROPROCESSOR DATA BUS 



' FIGURE 9a. Connecting the DP8408 Between the 16-Bit Microprocessor 
and Memory 



•T IS MICROPROCESSOR’S CLOCK PERIOD 

FIGURE 9b. DP8408 Auto Refresh 
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DP8409 Multi-Mode Dynamic RAM Controller/Driver 


General Description 

Dynamic memory system designs, which formerly re- 
quired several support chips to drive the memory array, 
can now be implemented with a single 1C. . .the DP8409 
Multi-Mode Dynamic RAM Controller/Driver. The DP8409 
is capable of driving all 16k and 64k Dynamic RAMs 
(DRAMs) as well as 256k DRAMs. Since the DP8409 is a 
one-chip solution (including capacitive-load drivers), it 
minimizes propagation delay skews, the major perform- 
ance disadvantage of multiple-chip memory drive and 
control. 

The DP8409’s 8 modes of operation offer a wide selection 
of DRAM control capabilities. Memory access may be 
controlled externally or on-chip automatically; an on- 
chip refresh counter makes refreshing (either externally 
or automatically controlled) less complicated; and auto- 
matic memory initialization is both simple and fast. 

The DP8409 is a 48-pin DRAM Controller/Driver with 9 
multiplexed address outputs and 6 control signals. It 
consists of two 9-bit address latches, a 9-bit refresh 
counter, and control logic. All output drivers are capable 
of driving 500pF loads with propagation delays of 25ns. 
The DP8409 timing parameters are specified driving the 
typical load capacitance of 88 DRAMs, including trace 
capacitance. 

The DP8409 has 3 mode-control pins: M2, Ml, and MO, 
where M2 is in general REFRESH. These 3 pins select 8 
modes of operation. Inputs B1 and BO in the memory 
access mod es (M 2 = 1), are select inputs which select 
one of four RAS outputs. During normal access, the 9 
address outputs can be selected from the Row Address 
Latch or the Column Address Latch. During refresh, the 
9-bit on-chip refresh cou nter is enabled onto the address 
bus and in this mode all RAS outputs are selected, while 
CAS is inhibited. 

The DP8409 can drive up to 4 banks of DRAMs, with 
each bank co mprised of 16k’s , 64 k’s, or 256k's. Control 
signal outputs RAS, CAS, a nd W E are provided with the 
same drive capability. Ea ch RA S output drives one bank 
of DRAMs so th at the four RAS outputs are used to select 
the banks, while CAS, WE, and the multiplexed addresses 
can be connected to all of the banks of DRAMs. This 
leaves the non-selected banks in the standby mode (less 
than one tenth of the operating power) with the data out- 
puts in TRI-STATE®. Only the bank with its associated 
RAS low will be written to or read from. 


Operational Features 

■ All DRAM drive functions on one chip — minimizes 
skew on outputs, maximizes AC performance 

■ On-chip capacitive-load drives (specified to drive up 
to 88 DRAMs) 

■ Drives directly all 16k, 64k, and 256k DRAMs 

■ Capable of addressing 64k, 256k, or 1M words 

■ Propagation delays of 25ns typical at 500pF load 

■ CAS goes low automatically after column addresses 
are valid if desired 

■ Auto Acces s mo de provides RAS, row to column 
sele ct, then CAS automatically and fast 

■ WE follows WIN unconditionally— offering READ, 
WRITE or READ-MODI FY-WRITE cycles 

■ On-chip 9-bit refresh counter with selectable End-of- 
Count (127, 255, or 511) 

■ End-of-Count indicated by RF I/O pin going low at 
127, 255, or 511 

■ Low input on RF I/O resets 9-bit refresh counter 

■ CAS inhibited during refresh cycle 

■ Fall-through latches on address inputs controlled by 
ADS 

■ TRI-STATE outputs allow multi-controller addressing 
of memory 

■ Control output signals go high-impedance logic “1” 
when disabled for memory sharing 

■ Power-up: counter reset, control signals high, address 
outputs TRI-STATE, and End-of-Count set to 127 

Mode Features 

■ 8 modes of operation: 3 access, 3 refresh, and 2 set-up 

■ 2 externally controlled modes: 1 access and 1 refresh 
(Modes 0, 4) 

■ 2 auto-access modes RAS -* R/C -*• CAS automatic, 
with t RAH = 20 or 30ns minimum (Modes 5, 6) 

■ Auto-access mode allows Hidden Refreshing (Mode 5) 

■ Forced Refresh requested on RF I/O if no Hidden 
Refresh (Mode 5) 

■ Forced Refresh performed after system acknowledge 
of request (Mode 1) 

■ Automatic Burst Refresh mode stops at End-of-Count 
of 127, 255, or 511 (Mode 2) 

■ 2 Ail-RAS Access modes externally or automatically 
controlled for memory initialization (Modes 3a, 3b) 

■ Automatic Ali-RAS mode with external 8-bit counter 
frees system for other set-up routines (Mode 3a) 

■ End-of-Count value of Refresh Counter set by B1 and 
BO (Mode 7) 


DP8409 
DYNAMIC RAM 
CONTROLLER/ 
DRIVER 


500pF DRIVE MEMORY 
9 


16k, 64k, OR 
256 k DYNAMIC 
RAM BANKS 


DP8409 
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Pin Definitions 


DP8409 Functional Block Diagram 


Vcc> GND, GND — V cc = 5V ± 5%. The three supply pins 
have been assigned to the center of the package to 
reduce voltage drops, both DC and AC. There are also 
two ground pins to reduce the low level noise. The 
second ground pin is located two pins from V cc , so that 
decoupling capacitors can be inserted directly next to 
these pins. It is important to adequately decouple this 
device, due to the high switching currents that will 
occur when all 9 address bits change in the same 
direction simultaneously. A recommended solution 
would be a 1 /jF multilayer ceramic capacitor in parallel 
with a low-voltage tantalum capacitor, both connected 
as close as possible to pins 36 and 38 to reduce lead in- 
ductance. See Figure below. 

Vcc (PIN 36) O- 


GND (PINS 38, 13) O 

‘Capacitor values should be chosen depending on the particular 
application. 

R0-R8: Row Address Inputs. 

C0-C8: Column Address Inputs. 

Q0-Q8: Multiplexed Address Outputs — Selected from 
the Row Address Input Latch, the Column Address Input 
Latch, or the Refresh Counter.* 


1 1 

. , 'TANTALUM , . 

J T 


'MULTILAYER 

CERAMIC 


RAS IN: Row Address Strobe Input — Ena bles selected 
RAS n output when M2 (RFSH) is high, or all RAS n outputs 
when RFSH is low. 

R/C (RFCK) — In Auto-Refresh Mode this pin is the ex- 
ternal Refresh Clock Input: one refresh cycle has to be 
performed each clock period. In all other modes it is 
Row/Column Select Input: selects either the row or col- 
umn address input latch onto the output bus. 

CASIN (RGC K) — In Auto-Refresh Mode, Auto Burst 
Mode, and All-RAS Auto-Write Mode, this pin is t he RAS 
Generator Clock input. In all other modes it i s CA SIN 
(Column Address Strobe Input), which inhibits CAS out- 
put when high i n Mo des 4 and 3b. In Mode 6 it can be 
used to prolong CAS output. 

ADS: Address (Latch) Strobe Input — Row Address, Col- 
umn Address, and Bank Select Latches are fall-through 
with ADS high; Latches on high-to-low transition. 

CS: Chip Select Input — TRI-STATE’s the Address Out- 
puts and puts the control signal into a high-impedance 
logic “1” state when high (unless refreshing in one of 
the Refresh Modes). Enables all outputs when low. 

MO, Ml, M2: Mode Control Inputs — These 3 control pins 
determine the 8 major modes of operation of the DP8409 
as depicted in Table 1. 
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Table 1. DP8409 Mode Select Options 

Mode 

(RFSH) 

M2 

Ml 

M0 

Mode of Operation 

Conditions 

0 , 

0 

0 

0 

Externally Controlled Refresh 

RF I/O = EOC 

1 

0 

0 

1 

Auto Refresh — forced 

RF I/O = Refresh Request (RFRQ) 

2 

0 

1 

0 

Internal Auto Burst Refresh 

RF 1/0 = EOC 

3a 

0 

1 

1 

All MS Auto Write 

RF I/O = EOC; All RAS Active 

3b 

0 

1 

1 

Externally Controlled All RAS Access 

All RAS Active 

4 - 

1 

0 

0 

Externally Controlled Access 

Active RAS defined by Table 2 

5 

1 

0 

1 

Auto Access, Slow t RAH , Hidden Refresh 

Active RAS defined by Table 2 

6 

1 

1 

0 

Auto Access, Fast t RAH 

Active RAS defined by Table 2 

7 

1 

1 

1 

Set End of Count 

See Table 3 for Mode 7 


RF I/O — The I/O pin functions as a Reset Counter Input 
when set low from an external open-collector gate, or as 
a flag output. The flag goes active-low in Modes 0 and 2 
when the End-of-Count output is at 127, 255, or 511 (see 
Table 3). in Auto-Refresh Mode it is the Refresh Request 
output. 

WIN: Write Enable Input. 

WE: Write Enable Output — Buffered output from WIN.* 

CAS: C olum n Address Strobe Output — in Modes 3a, 5, 
and 6, CAS transitions low following valid column ad- 
dress. In M odes 3 b and 4, it goesjow after R/C goes low, 
or follows CASIN going low if R/C is already low. CAS is 
high during refresh.* 

RAS 0-3: Row Address Strobe Outputs — Selects a 
memo ry bank d ecoded from B1 and BO (see Table 2), if 
RFSH is high. If RFSH is low, all banks are selected.* 

BO, B1: Bank Select Inpu ts — Strobed by ADS . Decoded 
to enable one of the RAS outputs when RASIN goes low. 
Also used to define End-of-Count in Mode 7 (Table 3). 


R/C (RFCK)-1 

CASIN (RGCK)-| 
MO — 

Ml — 

M2 (RFSH) — 
ADS — 
RO — 

R1 — 

C1 Ji 

R2 — 
C2 Ti 

GND — 

R 3 il 

C3 — 
R4 — 
CA- 
RS — 
C5 — 
R6 — 
C6 — 


21 
C7-^ 
R8 111 


^ WE 
77 00 
£cn 

Q2 

fi Q3 

H£Q4 
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Order Number DP8409N, DP8409N-2, DP8409N-3, 
DP8409D, DP8409D-2, DP8409D-3 
See NS package N48A or D48A 

Pin Configuration 


Conditions for all Modes 

input Addressing 

The address block consists of a row-address latch, a 
column-address latch, and a resettable refresh counter. 
The address latches are fall-through when ADS is high 
and latch when ADS goes low. If the address bus con- 
tains valid addresses until after the valid address time, 
ADS can be permanently high. Otherwise ADS must go 
low while the addresses are still valid. 


In normal memory access operation, RASIN and R/C are 
initially high. When the address inputs are enabled into 
the address latches, the row addresses appear on the Q 
outputs. The address strobe also inputs the bank-select 
address, (BO and B1). If CS is low, all outputs are en- 
abled. When CS is transitioned high, the address out- 
puts go TRI-STATE and the control outputs first go high 
through a low impedance, and then are held by an on- 
chip high impedance. This allows output paralleling 
with other DP8409s for multi-addressing. All outputs go 
active about 50ns after the chip is selected again. If CS 
is high, and a refresh cycle begins, all the outputs 
become active until the end of the refresh cycle. 


Drive Capability 

The DP8409 has timing parameters that are specified 
with up to 600 pF loads. In a typical memory system this 
is equivalent to about 88, 5V-only DRAMs, with trace 
lengths kept to a minimum. Therefore, the chip can drive 
four banks each of 16 or 22 bits, or two banks of 32 or 39 
bits, or one bank of 64 or 72 bits. 

Less loading will slightly reduce the timing parameters, 
and more loading will increase the timing parameters, 
according to the graph of Figure 10. The AC performance 
parameters are specified with the typical load capaci- 
tance of 88 DRAMs. This graph can be used to extrapo- 
late the variations expected with other loading. 

Because of distributed trace capacitance and induc- 
tance and DRAM input capacitance, current spikes can 
be created, causing overshoots and undershoots at the 
DRAM inputs that can change the contents of the 
DRAMs or even destroy them. To remove these spikes, a 
damping resistor (low inductance, carbon) can be in- 
serted between the DP8409 driver outputs and the 
DRAMs, as close as possible to the DP8409. The values 
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of the damping resisto rs m ay diffe r between the dif- 
ferent control outputs; RAS’s, CAS, Q’s, and WE. The 
damping resistors should be determined by the first 
prototypes (not wire-wrapped due to the larger 
distributed capacitance and inductance). The best 
values for the damping resistors are the critical values 
giving a critically damped transition on the control out- 
puts. Typical values for the damping resistors will be 
between 15n and lOOfl, the lower the loading the higher 
the value. (For more information, see AN-305 “Precau- 
tions to Take When Driving Memories.”) 

DP8409 Driving any 16k or 64k DRAMs 

The DP8409 can drive any 16k or 64k DRAMs. All 16k 
DRAMs are basically the same configuration, including 
the newer 5V-only version. Hence, in most applications, 
different manufacturers’ DRAMs are interchangeable 


(for the same supply-rail chips), and the DP8409 can 
drive all 16k DRAMs (see Figure la). 

There are three basic configurations for the 5V-only 64k 
DRAMs: a 128-row by 512-column array with an on-RAM 
refresh counter, a 128-row by 512-column array with no 
on-RAM refresh counter, and a 256 : row by 256-column 
array with no on-RAM refresh counter. The DP8409 can 
drive all three configurations, and at the same time 
allows them all to be interchangeable (as shown in 
Figures 1b and 1c), providing maximum flexibility in the 
choice of DRAMs. Since the 9-bit on-chip refresh counter 
can be used as a 7-bit refresh counter for the 128-row 
configuration, or as an 8-bit refresh counter for the 
256-row configuration, the on-RAM refresh counter (if 
present) is never used. As long as 128 rows are 
refreshed every 2ms (i.e. 256 rows in 4ms) all DRAM 
types are correctly refreshed. 


DP8409 Interface Between System & DRAM Banks 



FIGURE la. DP8409 with any 16k DRAMS 


128 ROWS 
IN 2 MS 



ONLY LS 7 BITS OF REFRESH COUNTER USED FOR THE 7 ROW ADDRESSES. 
MSB NOT USED BUT CAN TOGGLE 


FIGURE 1b. DP8409 with 128 Row x 512 Column 64k DRAM 


128 ROWS 
IN 2 MS 
(OR 256 ROWS 
IN 4 MS) 



ALL 8 BITS OF REFRESH COUNTER USED 


FIGURE 1c. DP8409 with 256 x 256 Column 64k DRAM 
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When the DP8409 is in a refresh mode, the RF I/O pin 
indicates that the on-chip refresh counter has reached 
its end-of-count. This end-of-count is selectable as 127, 
255 or 512 to accommodate 16k, 64k, or 256k DRAMs. 
Although the end-of-count may be chosen to be any of 
these, the counter always counts to 511 before rolling 
over to zero. 

Read, Write, and Read-Modify-Write Cycles 

The output signal, WE, determines what type of memory 
acces s cyc le the memory will perform. If WE_is_kept high 
while C AS g oes low, a read cycle occurs. If WE goes low 
before CAS goes low, a write cycle occurs and da ta at 
Dl (DRAM i nput data) is written into the DRA M as CAS 
goes low. If WE goes low later than tcwo after CAS goes 
low, first a read occurs and DO (DRAM output data) 
becomes valid; then data D l is written into the same 
address in the DRAM when WE goes low. In this read- 
modify-write case, Dl and DO cannot be linked together. 
The typ e of cycle is therefore controlled by WE, which 
follows WIN. 

Power-Up Initialize 

When V C c is first applied to the DP8409, an initialize 
pulse clears the refresh counter, the interna! control 
flip-flops, and sets the End-of-Count of the refresh 
counter to 127 (which may be changed via Mode 7). As 
V C c increases to about 2.3 volts, it holds the output 
control signals at a level of one Schottky diode-drop 
below V C c. and the output address to TRI-STATE. As V C c 
increases above 2.3 volts, control of these outputs is 
granted to the system. 


DP8409 Functional Mode 
Descriptions 

Note: All delay parameters stated In text refer to the DP8409. Substitute 
the respective delay numbers tor the DP8409-2 or DP8409-3 when using 
these devices. 

Mode 0 — Externally Controlled Refresh 

Figure 2 is the Externally Controlled Refresh Timing. In 
this mode, the input address latches are disabled from the 
addre ss o utputs and the refresh counter is enabled. 
When RAS occurs, the enabled row in the DRAM is re- 
freshed. In the Externally Controlle d Refre sh m ode, all 
RAS outputs are enabled following RASIN, and CAS is 
inhibited. This refreshes the same row in all f our ban ks. 
The re fresh counter increments when either RASIN or 
RFSH goes low-to-high after a refresh. RF I/O goes low 
when the count is 127, 255, or 511 , as s et by End-of- 
Count (see Table 3), with RASIN and RFSH low. To reset 
the counter to all zeroes, RF I/O is set low through an ex- 
ternal open-collector driver. 

During refresh, RASIN and RFSH must be skewed tran- 
sitioning low such that the refresh address is vali d on 
the address outputs of the controller before the RAS 
outputs go lo w. The a mount of time that RFSH should 
go low before RASIN does depends on the capacitive 
loading of the address and RAS lines. For the load 
specified in the switching characteristics of this data 
sheet, 10ns is sufficient. Refer to Figure 2. 

To perform externally controlled burst refresh, RASIN is 
toggled while R FSH is held low. The refresh counter in- 
crements with RASIN going low to high, s o that the 
DRAM rows are refreshed in succession by RASIN go- 
ing high to low. 


i s low 



00-8 OLD COLUMNS 


/ Hh 


' INDICATES DYNAMIC RAM PARAMETERS 


END OF COUNT 
LOW IF n = 127, 255, 511 


COUNTER RESET 
INPUT FROM 
OPEN COLLECTOR 


FIGURE 2. External Control Refresh Cycle (Mode 0) 
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Mode 1 — Automatic Forced Refresh 

In Mode 1, the R/C (RFCK)_pin be come s RFCK (refresh 
cycle clock), instead of R/C, and CAS remains high. If 
RFCK is kept permanently high, then whenever M2 (RFSH) 
go es low , an externally cont rolled r efresh will occur and 
all RAS outputs will follow RASIN, strobing the refresh 
counter contents to the DRAMs. The RF I/O pin will 
always output high, but when set low externally through 
an open-collector driver, the refresh counter resets as 
normal. This externally controlled method may be pre- 
ferred when operating in the Automatic Access mode 
(Mode 5), where hidden or forced refreshing is undesir- 
able, but refreshing is still necessary. 

If RFCK is an input clock signal, one (and only one) 
refresh cycle must take place every RFCK cycle. Refer 
to Figure 9. If a hidden refresh does not occur while 
RFCK is high, in Mode 5, then RF'I/O (Refresh Request) 
goes low immediately after RFCK goes low, indicating to 
the system that a forced refresh is requested. The 
system must allow a forced refresh to take place while 
RFCK is low (refer to Figure 3). The Refr esh R eq uest 
signal o n RF I/O may be connected to a Hold or Bus 
Req uest in put to the sys tem. The system acknowledges 
the Hold or Bus Request when ready, and out puts Hold 
Acknowledge or Bus Reque st Acknowledge. If this is 
connected to the M2 (RFSH) pin, a forced- refre sh cycle 
will be Initiated by the DP8 409, and RAS will be 
internally generated on all four RAS outputs, to strobe 
the refresh counter contents on the address outputs 
into all the DRAMs. An external RAS Generator Clock 


(RGCK) is required for this function. It is fed to the 
CASIN (RGCK) pin, and may be up to 10M Hz. W henever 
M2 goes low (inducing a forced refresh), RAS remains 
high for one to two periods of RGCK, depending on 
when M2 goes low relative to the high-to-low triggering 
edge of RGCK; RAS then goes low for two periods, 
performing a refresh on all banks. In orde r to obtain the 
minimum delay from M2 going low to RAS going low, M2 
should go l ow t RFS Rr, befor e the next falling edge of 
RGC K. The Refresh Request on RF I/O is terminated as 
RAS begins, so that by the time the system has acknowl- 
edged the removal of the request and dis abled its 
Acknowledge, (i.e., M2 goes high), Refresh RAS will have 
ended, and normal operations can begin again in the 
Automat ic A ccess mode (Mode 5). If it is desired that 
Refresh RAS end in less than 2 periods of RGCK from 
the time RAS went low, then M2 may b e high earlier than 
t RQ HRF after RGCK goes low and RAS will go high t RFRH 
after M2, if CS is low. If CS is high, the RAS will go high 
impedance high after 25ns after M2 goes high. 

To allow the forced refresh, the system will have been 
inactive for about 4 periods of RGCK, which can be as 
fast as 400ns every RFCK cycle. To guarantee a refresh 
of 128 rows every 2 ms, a period of up to 16fjs is required 
for RFCK. In other words, the system may be down for 
as little as 400ns every 16^s, or 2.5% of the time. Al- 
though this is not excessive, it may be preferable to per- 
form a Hidden Refresh each RFCKcycle, which is allowed 
while still in the Auto-Access mode, (Mode 5). 



CAS 



© RFCK GOES LOW © ACKNOWLEDGESJEFRESH REQUEST 

© RFRQ GOES LOW IF NO HIDDEN REFRESH 0CCURED © FORCED REFRESH RAS STARTS AFTER >T (>tRp) 

WHILE RFCK WAS HIGH © FORCED REFRESH RAS ENDS RFRQ 

® NEXT RASIN STARTS NEXT ACCESS © pP REMOVES REFRESH ACKNOWLEDGE 

FIGURE 3. DP8409 Performing a Forced Refresh (Mode 5—1—5) 
with Various Microprocessors 
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Tns 


PROCESSOR ACTS ACKNOWLEDGE 
AFTER INTERRUPT END OF BURST 



FIGURE 4. Auto-Burst Mode, Mode 2 


Mode 2 — Automatic Burst Refresh 

This mode is normally used before and/or after a DMA 
operation to ensure that all rows remain refreshed, pro- 
vided the DMA transfer takes less than 2 ms (see Figure 4). 
When the. DP8409 enters this mode, CASIN (R GCK) b e- 
comes th e RA S Generator Clock (RGCK), and RASIN is 
disabled. CAS remains high, and RF I/O goes low when 
the refresh counte r ha s reached the selected End-of- 
Count and the last RAS has ended. RF I/O then remains 
low until the Auto-Burst Refresh mode is terminated. RF 
I/O can therefore be used as an interrupt to indicate the 
End-of-Burst condition. 

The signal on all four RAS outputs is just a divide-by-four 
of R GCK; in other words, if RGCK has a 100 ns period, 
RAS is high and low for 200ns each cycl e. Th e refresh 
counter increments at the end of each RAS, starting 
from the count it contained when the mode was entered. 
If this was zero, then for a RGCK with a 100 ns period with 
End-of Count set to 127, RF I/O will go low after 
128x0.4^s, or 51 . 2 jjs. During this time, the system may 
be performing operations that do not involve DRAM. If 
all rows need to be burst refreshed, the refresh counter 
may be cleared by setting RF I/O low externally before 
the burst begins. 

Burpt-mode refreshing is also useful when powering 
down systems for long periods of time, but with data 
retention still required while the DRAMs are in standby. 
To maintain valid refreshing, power can be applied to 
the DP8409 (set to Mode 2), causing it to perform a com- 
plete burst refresh. When end-of-burst occurs (after 26^s), 
power can then be removed from the DP8409 for 2 ms, 
consuming an average power of 1.3% of normal operating 
power. No control signal glitches occur when switching 
power to the DP8409. 


Mode 3a — All-RAS Automatic Write 

Mode 3a is useful at system initialization, when the 
memory is being cleared (i.e., with all-zeroes in the data 
field and the corresponding check bits for error detection 
and correction). This requires writing the same data to 
each location of memory (every row of each column of 
each bank). All RAS outputs are activated, as in refresh, 
and so are CAS and WE. To write to all four banks simulta- 
neously, every row is strobed in each column, in se- 
quence, until data has been written to all locations. 

To select this mode, B1 and B0 must have previously 
been set to 00, 01, or 10 in Mode 7, depending on the 
DRAM size. For example, for 16k DRAMs, B1 and B0 are 
00. For 64k DRAMs, B1 and B0 are 01, so that for the 
configurati on of Figure 1b, the 8 refresh counter bits are 
strobed by RAS into the 7 row addresses and the ninth 
column address. After this Automatic-Write process, B1 
and B0 must be set again in Mode 7 to 00 to set End-of- 
Count to 127. For the configuration of Figure 1c, B1 and 
B0 set to 01 will work for Automatic-Write and End-of- 
Count equals 255. 

In this mode, R/C is disabled, WE is permanently en- 
abled low, and CASIN (RGCK) becomes RGCK. RF I/O 
goes low whenever the refresh counter is 1 27, 25 5, or 511 
(as set by End-of-Count in Mode 7), and the RAS outputs 
are active. 

Referring to Figure 5a, an external 8-bit counter (for 64k 
DRAMs) with TRI-STATE outputs is required and must 
be connected to the column address inputs. It is 
enabled only during this mode, and is clocked from RF 
I/O. The DP8409 refresh counter is used to address the 
rows, and the column address is supplied by the 
external counter. Every row for each column address is 
written to in all four banks. At the End-of-Count RF I/O 
goes low, which clocks the external counter. 
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Therefore, for each column address, the refresh co unter 
first outputs row-0 to the address bus and all four RAS 
outputs strobe this row address into t he D RAMs (see 
Figure 5b). A minimum of 30 ns after RAS goes low 
(tRAH=30ns), the refresh counter is disabled and the 
column address input latch is enabled onto the add ress 
bus. About 14 ns after the column address is valid, CAS 
goes low, (tAsc = + 14n s), st robi ng th e column address 
into the DRAMs. When RAS and CAS go high the refresh 
counter increments to the next row and the cycle repeats. 
Since WE is kept low in this mode, the data at Dl (input 
data) of the DRAMs Is writt en in to each row of the latched 
column. During each cycle RAS is high for two periods of 
RGCK and low for two periods, giving a total write-cycle 
time of 400ns minimum, which is adequate for most 16k 
and 64k DRAMs. On the last row of a column, RF I/O incre- 
ments the external counter to the next column address. 


At the end of the last column address, an interrupt is 
generated from the external counter to let the system 
know that initialization has been completed. During the 
entire initialization time, the system can be performing 
other initialization functions. This approach to memory 
initialization is both automatic and fast. For instance, if 
four banks of 64k DRAMs are used, and RGCK is 100 ns, 
a write cycle to the same location in all four banks takes 
400ns, so the total time taken in initializing the 64k 
DRAMs is 65k x 400 ns or 26 ms. When the system re- 
ceives the interrupt, the external counter must be per- 
manently disabled. ADS and CS are interfaced by the 
system, and the DP8409 mode is changed. The interrupt 
must then be disabled. 



FIGURE 5a. DP8409 Extra Circuitry Required for All-RAS Auto Write Mode, Mode 3a 



FIGURE 5b. DP8409 All-RAS Auto Write Mode, Mode 3a, Timing Waveform 
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Mode 3b — Externally Controlled AU RAS Write Mode 4 — Externally Controlled Access 


To select this mode, B1 and BO must first have been set 
to 11 in Mode 7. This mode is useful at system initializa- 
tion, but under processor control. The memory address 
is provided by the pro cess or, which also perform s the 
incrementing. All four RAS outputs follow RASIN (sup- 
plied by the processor), strobing the ro w addr ess into 
the DRAMs. R 1C can now go low, while CASIN may be 
used to control CAS (as i n the Externally Controlled 
Access mode), so that CAS strobes the c olum n address 
contents into the DRAMs. At this time WE should be 
low, causing the data to be written into all four banks of 
DRAMs. At the end of the write cycle, the input address is 
incremented and latched by the DP8409 for the next write 
cycle. This method is slower than Mode 3a since the 
processor must perform the incrementing and accessing. 
Thus the processor is occupied during RAM initialization, 
and is not free for other initialization operations. How- 
ever, initialization sequence timing is under system 
control, which may provide some system advantage. 


This mode facilitates externally controlling all access- 
timing parameters associated with the DRAMs. The 
application of modes 0 and 4 are shown in Figure 6. 

Output Address Selection 

Refer to Figure 7a. With M2 (RFSH) and R/C high, the 
row address latch contents are transferred to the multi- 
plexed address bus output Q0-Q8, provided CS is set 
low^ The colu mn addr ess latch contents are output after 
R/C goes low. RASIN can go low after the row address- 
es h ave been set up on Q0-Q8. This selects one of the 
RAS outputs, strobing the row address on the Q outputs 
into the desired bank of memory. After the row-address 
hold-time of the DRAMs, R/C can go low so that about 
40ns later column addresses appear on the Q outputs. 




FIGURE 6. Typical Application of DP8409 Using External Control Access and Refresh in Modes 0 and 4 


7-51 


DP8409 









DP8409 




FIGURE 7b. Write Cycle Timing (Mode 4) 


7-52 









Automatic CAS Generation 


In a normal memo ry access cycle CAS can be derived 
from inputs CASIN or R/C. If CASIN is high, then R/C go- 
ing low swit ches th e address output drivers from rows 
to columns. CASIN then going low ca uses CAS to go 
low approximately 40 ns later, allowi ng CAS to occur at 
a predictable ti me (s ee Figure 7b). If CASIN is low when 
R/C goes low, CAS will be automatically generated, 
following the row to column transition by about 20 ns 
(see Figure 7a). M ost DRAMs have a column address 
set-up time before CAS (t ASC ) of 0 ns or - 10 ns. In other 
words, a t ASC greater than 0 ns is safe. 

Fast Memory Access 

AC parameters tpiFi. t di F2 may be use d to det ermine the 
minimu m delays required between RASIN, R/C, and 
CASIN (see Application Brief 9; “Fastest DRAM Access 
Mode”). 

Mode 5 — Automatic Access with Hidden Refresh 

The Auto Access with Hidden Refresh mode has two 
advantages over the Externally Controlled Access mode, 
due t o the fa ct that all outputs exc ept WE are initiated 
from RASIN. First, inputs R/C and CASIN are unneces- 
sary and can be used for other functions (see Refreshing, 
below). Secondly, because the output control signal s 
are derived internally from one input signal (RASIN), 
timing-skew problems are reduced, thereby reducing 
memory access time substantially or allowing use of 
slower DRAMs. The automatic access features of Mode 5 
(and Mode 6) of the DP8409 make DRAM accessing 
appear essentially “static”. 

Automatic Access Control 

The major disadvantage of DRAMs compare d to static 
RAMs is the complex timing involved. First, a RAS must 
occur with the row address previously set up on the multi- 
plexed address bus. After the row address has been held 
for t RAH , (the Row-Address hold-tim e of the DRAM), the 
column address is set up and then CAS occurs. This is 
all performed automatically by the DP8409 in this mode. 

Provide d the input address is valid as ADS goes low, 
RASIN can g o low any time after ADS. This is because 
the selected RAS occurs typically 27ns later, by which 
time the row address is already valid on the address 
output of the DP8409. The Address Set-Up time (t ASR ), is 
0ns on mos t DRAMs. The DP8409 in this mode (with ADS 
and RASIN edges simultaneously applied) produces a 
minimum t ASR of 0ns. This is true provided the input ad- 
dress was valid t AS A before ADS went low (see Figure 8a). 

Next, the row address is disabled after t RAH (30ns mini- 
mum); in most DRAMs, t RAH minimum is less than 3 0ns. 
The column address is then set up and t AS c later, CAS 
occurs. The only other contr ol inp ut required is WIN. 
When a write cycl e is required, WIN must go low at least 
30 ns before CAS is output low. 

Th is gives a total ty pical delay from: input address valid 
to RASIN (15ns); to RAS ( 27ns ); to rows held (50ns); to 
columns val id (25n s); to CAS (23ns) = 140ns (that is, 
125 ns from RASIN). All of these typical figures are for 
heavy capacitive loading, of approximately 88 DRAMs. 


This mode is therefore extremely fast. The external timing 
is greatly simplified for the mem ory syst em designer: 
the only system signal required is RASIN. 

Refreshing 

Because R/C and CASIN are not used i n this mode, R/C 
becom es R FCK (refresh clock) and CASIN becomes 
RGCK (RAS generator clock). With these two signals it 
is possible to perform refreshing without extra ICs, and 
without holding up the processor. 

One refresh cycle must occur during each refresh clock 
period and then the refresh address must be incremented 
to the next refresh cycle. As long as 128 rows are re- 
freshed every 2ms (one row every 16^s), all 16k and 64k 
DRAMs will be correctly refreshed. The cycle time of 
RFCK must, therefore, be less than 16^s. RFCK going 
high sets an internal refresh-request flip-flop. First the 
DP8409 will attempt to perform a hidden refresh so that 
the system throughput will not be affected. If, during the 
time R FCK is high, CS on the DP8409 goes high and 
RASIN occurs, a hidden refresh will occur. In this case, 
RASIN should be considered a common read/write strobe. 
In other words, if the processor is accessing elsewhere 
(other than the DRAMs) while RFCK is high, the DP8409 
will perform a refresh. The refresh counter is enabled to 
the address o utpu ts whenever CS g oes hig h with RFCK 
high, and all RAS outputs follow RASIN. If a hidden 
refresh is taking place as RFCK goes low, the refresh 
continues. At the start of the hidden refresh, the refresh- 
request flip-flop is reset so no further refresh can occur 
until the next RFCK period starts with the positive-going 
edge of RFCK. Refer to Figure 9. 

To determine the probability of a Hidden Refresh occur- 
ring, assume each system cycle takes 400 ns and RFCK 
is high for 8fiS, then the system has 20 chances to not 
select the DP8409. If during this time a hidden refresh 
did not occur, then the DP8409 forces a refresh while 
RFCK is low, but the system chooses when the refresh 
takes place. After RFCK goes low, (and the internal- 
request flip-flop has not been reset), RF I/O goes low 
indicating that a refresh is requested to the system. 
Only when the s ystem acknowledges this request by 
setting M2 (RFSH) low does the DP8409 initiate a forced 
refresh (which is performed automatically). Refer to 
Mode 1, and Figure 3. The internal refresh request flip- 
flop is then reset. 

Figure 9 illustrates the refresh alternatives in Mode 5. If 
a hidden refresh has occurred and CS again goes high 
before RFCK goes low, the chip is deselected. All the 
control signals go high-impedance high (logic “1”) and 
the address outputs go TRI-STATE until CS again goes 
low. This mode (combined with Mode 1) allows very fast 
access, and automatic refreshing (possibly not even 
slowing down the system), with no extra ICs. Careful 
system design can, and should, provide a higher prob- 
ability of hidden refresh occurring. The duty cycle of 
RFCK need not be 50-percent; in fact, the low-time 
should be designed to be a minimum. This is 
determined by the worst-case time (required by the 
system) to respond to the DP8409’s forced-refresh 
request. 
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FIGURE 8a. Modes 5, 6 Timing (CASIN High in Mode 6) 



FIGURE 8b. Mode 6 Timing, Extended CAS 
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FIGURE 9. Hidden Refreshing (Mode 5) and Forced Refreshing (Mode 1) Timing 


7-55 


DP8409 






DP8409 


Table 2. Memory Bank Decode 


Bank Select 
(Strobed by ADS) 

Enabled RAS„ 

B1 

BO 

0 

0 

RAS 0 

0 

1 

RAS, 

1 

0 

ras 2 

1 

1 

RAS 3 


Note that RASIN going low earlier than tcsRL after CS 
goes l ow may result in th e DP8 409 interpreting the 
RASIN as a hidden refresh RASIN if no hidden refresh 
has o ccurred in the current RFCK cycle. In this case, all 
RAS outputs would go low for a shor t time. Thus, it is 
suggested that when using Mode 5, RASIN should be 
held high until tcsRL after CS goes low if a refresh is not 
intended. Similarly , CS sh ould be held low for a mini- 
mum of tcsRL after RASIN returns high when ending the 
access in Mode 5. 

Mode 6 — Fast Automatic Access 

The Fast Access mode is similar to Mode 5, but has a 
faster t RA H of 20ns, minimum. It therefore can only be 
used with fast 16k or 64k DRAMs (which have a t RA n of 
10ns to 15 ns) i n applications requiring fast access times; 
RASIN to CAS is typically 105ns. 

In this mode, the R/ C (RFCK ) pin is not used, but C AS IN 
(RGC K) is used as CASIN to allow an extended CAS 
after RAS has already terminated. Refer to Fig ure 8b. 
This is desirable with fast cycle-times where RAS h as to 
be terminated as soon as possible before the next RAS 


begins (to meet the precharge time, or t RP , req uiremen ts 
of the DRAM). CAS may then be held low by CASIN to 
extend the data output valid tim e from the DRAM to 
allow the system to re ad the data. CASI N sub sequently 
going h igh end s CAS. If this extended CAS is not re- 
quired, CASIN should be set high in Mode 6. 

There is no internal refresh-request fiip-flop in this mode, 
so any refreshing required must be done by entering 
Mode 0 or Mode 2. 

Mode 7 — Set End-of-Count 

The End-of-Count can be externally selected in Mode 7, 
using ADS to strobe in the respective v alue o f B1 and BO 
(see Table 3). With B1 an d BO the same EOC is 127; with 
B1=0 and BO = 1, EOC is 255; and with B1 = 1 and 
B0 = 0, EOC is 511. This selected value of EOC will be 
used until the next Mode 7 selection. At power-up the 
EOC is automatically set to 127 (B1 and BO set to 11). 


Table 3. Mode 7 


Bank Select 
(Strobed by ADS) 

End of Count 

B1 

BO 

Selected 

0 

0 

127 

0 

1 

255 

1 

0 

511 

1 

1 

127 



0 200 400 600 800 1000 


CpF 


FIGURE 10. Change in Propagation Delay vs. Loading Capacitance 
Relative to a 500pF Load 
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Absolute Maximum Ratings (Note d 

Supply Voltage, V cc 7.0V 

Storage Temperature Range -65°Cto+150°C 

Input Voltage 5.5V 

Output Current 150mA 

Lead Temperature (Soldering, 10 seconds) 300°C 

•Derate cavity package 23.6mW/°C above 25°C; derate molded 
package 22.7mW/°C above 25°C. 


Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Operating Conditions 


V C c Supply Voltage 
T a Ambient Temperature 


3542mW 

2833mW 


Electrical Characteristics V C c = 5.0V±5%,0°C<T A < ?0°C unless otherwise noted (Notes 2, 6) 


Symbol Parameter 


Vc Input Clamp Voltage 


ihi Input High Current for ADS, R/C only 


IH 2 Input High Current for All Other Inputs* 


li RSI Output Load Current for RF I/O 


li CTL Output Load Current for RAS, CAS, WE 


ili Input Low Current for ADS, R/C only 


I ii _2 Input Low Current for All Other Inputs* 


V||_ Input Low Threshold 


Input High Threshold 


Conditions 


V C c = Min., lc = "12mA 


V| N = 2.5V 


Vin = 2.5V 


V| N =0.5V, Output High 


V| N = 0.5V, Chip Deselect 


V| N = 0.5V 


V| N =0.5V 




Typ 

Max 

Units 

-0.8 

-1.2 

V 

2.0 

100 

pA 


50 

MA 

-1.5 

-2.5 

mA 

-1.5 

-2.5 

mA 

-0.1 

o 

Y 

mA 

-0.05 

-0.5 

mA 


Output Low Voltage* 

loi_ = 20mA 

Output Low Voltage for RF I/O 

Iql = 10mA 

Output High Voltage* 

Ioh = — 1 mA 

Output High Voltage for RF I/O 

Iqh = — 100fiA 

Output High Drive Current* 

Vout = 0.8V (Note 3) 

Output Low Drive Current* 

V 0U t = 2.7V (Note 3) 

TRI-STATE Output Current 
(Address Outputs) 

0.4V « Vqut < 2.7V, 
CS = 2.0V, Mode 4 

Supply Current 

V cc = Max. 



■cc 


‘Except RF I/O Output. 

Switching Characteristics: DP8409/DP8409-3 v cc =5.ov±5%, o°c < t a < 7o°c unless other- 
wise noted (Notes 2, 4, 5). The output load capacitance is ty pical f or 4 ba nks of 22 DRAMs each or 88 DRA Ms includ- 
ing trace capacitance. These values are: Q0-Q8, Cl = 500pF; RAS0-RAS3, Cl = 150pF; WE, C|_ = 500pF; CAS, 

C|_ = 600pF, unless otherwise noted. See Figure 11 for test load. Switches SI and S2 are closed unless otherwise noted, 
and R1 and R2 are 4.7kfi unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 


Symbol 

Access Parameter 

Conditions 

tRICL 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

tRICL 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

tRICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

tRICH 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

tRCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 

f RCDL 

RAS to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

f RCDH 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 

tRCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 8a 

tcCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 8b 

tRAH 

Row Address Hold Time (Mode 5) 

Figure 8a 

tRAH 

Row Address Hold Time (Mode 6) 

Figures 8a, 8b 

Use 

Column Address Setup Time (Mode 5) 

Figure 8a 

Use 

Column Address Setup Time (Mode 6) 

Figures 8a, 8b 

f RCV 

RASIN to Column Address Valid 
(Mode 5) 

Figure 8a 
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Switching Characteristics (cont d) 

Symbol 

Access Parameter 

Conditions 

8409 1 

8409-3 

Units 

Min 

Typ 

n 


Typ 

[23 

Ircv 

RASIN to Column Address Valid (Mode 6) 

Figures 8a, 8b 


75 

105 


75 

El 


tRPDL 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

20 

El 

o 

El 

27 

O 

ns 

tRPDH 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

15 

El 


ra 

23 

m 

ns 

Wdl 

Address Input to Output Low Delay 

Figures 7a, 7b, 8a, 8b 


25 

D 


25 


ns 

Wdh 

Address Input to Output High Delay 

Figures 7a, 7b, 8a, 8b 


E 

m 


25 


ns 

tsPDL 

Address Strobe to Address Output Low 

Figures 7a, 7b 


40 

El 


40 


ns 

tsPOH 

Address Strobe to Address Output High 

Figures 7a, 7b 



El 


.40 


ns 

USA 

Address Set-up Time to ADS 

Figures 7a, 7b, 8a, 8b 

15 



o 



ns 

UhA 

Address Hold Time from ADS 

Figures 7a, 7b, 8a, 8b 

15 






ns 

tADS 

Address Strobe Pulse Width 

Figures 7a, 7b, 8a, 8b 

30 


Hi 




ns 

IwPDL 

WIN to WE Output Delay 

Figure 7b 

15 

25 

El 

Q 

25 


ns 

twPDH 

WIN to WE Output Delay 

Figure 7b 

15 


m 

m 

30 

m 

ns 

tcRS 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 8b 

35 



E9 



ns 

tcPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

32 

□ 

D 

□ 

41 

m 

ns 

tcPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

25 

E3 



39 


ns 

tRCC 

Column Select to Column Address Valid 

Figure 7a 


El 

m 


40 

m 

ns 

tRCR 

Row Select to Row Address Valid 

Figures 7a, 7b 


M 

m 


40 

El 

ns 

l RHA 

Row Address Held from Column Select 

Figure 7a 

10 



El 



ns 

tcCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


m 

90 




ns 

l DIF1 

Maximum (tRPDL- * rha) 

See Mode 4 
description 

■ 

1 

13 

■ 

■ 

18 

ns 

l DIF2 

Maximum (t RCC -tcPDL) 

See Mode 4 
description 

■ 

■ 

13 

■ 


18 

ns 

Refresh Parameter 

tRC 

Refresh Cycle Period 

Figure 2 

100 



100 





ns 

tRASINL,H 

Pulse Width of RASIN during Refresh 

Figure 2 

50 



in 



ns 

tRFPDL 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

35 

wm 

70 


50 

EH 

ns 

f RFPDH 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

30 

m 

55 


40 

EDI 

ns 

fRFLCT 

RFSH Low to Counter Address Valid 

CS = X, Figures 2,3,4 


sa 

60 


□ 

El 

ns 

*RFHRV 

RFSH High to Row Address Valid 

Figures 2, 3 


m 

60 


45 

El 

ns 

tROHNC 

RAS High to New Count Valid 

Figures 2, 4 


BQj 

55 


30 


ns 

tRLEOC 

RASIN Low to End-of-Count Low 

C L = 50pF, Figure 2 



80 



Ea 

ns 

tRHEOC 

RASIN High to End-of-Count High 

C|_ = 50pF, Figure 2 



80 



80 

ns 

tRGEOB 

RGCK Low to End-of-Burst Low 

C L = 50pF, Figure 4 



95 



Ea 

ns 

*MCEOB 

Mode Change to End-of-Burst High 

C L = 50pF, Figure 4 



75 



Ea 

ns 

tRST 

Counter Reset Pulse Width 

Figure 2 

70 



El 



ns 

tcTL 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 



Q7J 

ns 

^RFCKL.H 

Minimum Pulse Width of RFCK 

Figure 9 

100 



El 

■M 


ns 

T 

Period of RAS Generator Clock 

Figure 3 

100 



Hi 

Bi 


ns 

^RGCKL 

Minimum Pulse Width Low of RGCK 

Figure 3 

35 



El 

BA 


ns 

tRGCKH 

Minimum Pulse Width High of RGCK 

Figure 3 

35 



Q 

Hi 


ns 

fpRQL 

RFCK Low to Forced RFRQ Low 

C L = 50pF, Figure 3 



30 


20 

Ea 

ns 
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Switching Characteristics (cont d) 

Symbol 

Refresh Parameter 

Conditions 

8409 

8409-3 

Units 

Min 


Max 


EZ 

CS 

^FRQH 

RGCK Low to Forced RFRQ High 

C L = 50pF, Figure 3 



75 


m 

75 

ns 

l RGRL 

RGCK Low to RAS Low 

Figure 3 

50 

65 

95 

E3 


95 

ns 

l RGRH 

RGCK Low to RAS High 

Figure 3 

40 

Ei 

85 

m 

El 

85 

ns 

tRQHRF 

RFSH Hold Time from RFSH RQST (RF I/O) 

Figure 3 

2T 



□ 



ns 

*RFRH 

RFSH High to RAS High (ending forced RFSH) 

See Mode 1 Descrip. 

55 

80 

110 

m 

K 

125 

ns 

*RFSRG 

RFSH Low Set-up to RGCK Low (Mode 1) 

See Mode 1 Descrip. 

35 



■a 



ns 

tcSCT 

CS High to RFSH Counter Valid 

Figure 9 


55 

70 


55 

75 

ns 

l CSRL 

CS Low to Access RAS IN Low 

See Mode 5 Descrip. 

10 



□ 



ns 

TRI-STATE Parameter 

t Z H 

CS Low to Address Output High from Hi-Z 

Figures 9, 12 
R1 = 3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tHZ 

CS High to Address Output Hi-Z from High 

C L = 15pF, 
Figures 9, 12 
R2 = Ik, SI open 

■ 

20 

40 

1 

20 

40 

ns 

tzL 

CS Low to Address Output Low from Hi-Z 

Figures 9, 12 
R1 = 3.5k, R2 = 1.5k 


35 

60 


35 

60 

ns 

tLZ 

CS High to Address Output Hi-Z from Low 

C L = 15pF, 
Figures 9, 12, 

R1 = 1 k, S2 open 

■ 

25 

50 

1 

25 

50 

ns 

*HZH 

CS Low to Control Output High from 
Hi-Z High 

Figures 9, 12 
R2 = 750Q, SI open 


50 

80 


50 

80 

ns 

{ HHZ 

CS High to Control Output Hi-Z High 
from High 

C L = 15pF, 

Figures 9, 12 
R2 = 750Q, SI open 

■ 

40 

75 

l 

40 

75 

ns 

^HZL 

CS Low to Control Output Low from 
Hi-Z High 

Figure 12, 
SI, S2 open 


45 

75 

. 

45 

75 

ns 

t|_HZ 

CS High to Control Output Hi-Z High 
from Low 

Cl = 15pF, 

Figure 12, 

R2 = 75052, SI open 

a 

50 

80 

I 

50 

80 

ns 

Switching Characteristics! DP8409-2 Vcc = 5.ov±5%, o°c < t a < 7o°c unless otherwise noted 

(Notes 2, 4, 5). The output load capacitance is typical for 4 banks of 22 DRAMs each or 88 DRAMs including trace 
capacitance. These values are: Q0-Q8, C L = 500pF; RAS0-RAS3, C L = 150pF; WE, C L = 500pF; CAS, C L = 600pF, unless 
otherwise noted. See Figure 11 for test load. Switches SI and S2 are closed unless otherwise noted, and R1 and R2 are 
4.7kfi unless otherwise noted. Maximum propagation delays are specified with all outputs switching. 

Symbol 

Access Parameter 

Conditions 

8409 - 2 


Units 

Min 

j&^| 

Max 

^i|jj 


Max 

1ricl 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

75 


130 




ns 

Iricl 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

65 

M^| 

115 




ns 

f RICH 

RASIN to CAS Output Delay (Mode 5) 

Figure 8a 

40 

m 

60 




ns 

Irich 

RASIN to CAS Output Delay (Mode 6) 

Figures 8a, 8b 

50 


80 




ns 

f RCDL 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 



100 




ns 

fRCDl 

RAS to CAS Output Delay (Mode 6) 

Figures 8a, 8b 



85 




ns 

Ircdh 

RAS to CAS Output Delay (Mode 5) 

Figure 8a 


m 

40 




ns 

f RCDH 

RAS to CAS Output Delay (Mode 6) 

Figure 8a 


m 

65 




ns 

ICCDH 

CASIN to CAS Output Delay (Mode 6) 

Figure 8b 

40 

El 

70 




ns 

tRAH 

Row Address Hold Time (Mode 5) (Note 7) 

Figure 8a 

20 






ns 
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Switching Characteristics (com d) 

Symbol 

Access Parameter 

Conditions 

8409-2 


Units 

Min 

DEI 

Max 


EE1 

Max 

Irah 

Row Address Hold Time (Mode 6) (Note 7) 

Figures 8a, 8b 

12 






ns 

Iasc 

Column Address Setup Time (Mode 5) 

Figure 8a 

3 






ns 

*ASC 

Column Address Setup Time (Mode 6) 

Figures 8a, 8b 

3 






ns 

Ircv 

RASIN to Column Address Valid (Mode 5) 

Figure 8a 


m 

105 




ns 

Ircv 

RASIN to Column Address Valid (Mode 6) 

Figures 8a, 8b 


m 

90 




ns 

Irpdl 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

20 

m 

35 




ns 

Irpdh 

RASIN to RAS Delay 

Figures 7a, 7b, 8a, 8b 

15 


32 




ns 

tAPDL 

Address Input to Output Low Delay 

Figures 7a, 7b, 8a, 8b 


m 

40 




ns 

Iapdh 

Address Input to Output High Delay 

Figures 7a, 7b, 8a, 8b 


E3 

40 




ns 

tspoi 

Address Strobe to Address Output Low 

Figures 7a, 7b 


El 

60 




ns 

tsPDH 

Address Strobe to Address Output High 

Figures 7a, 7b 


El 

60 




ns 

Iasa 

Address Set-up Time to ADS 

Figures 7a, 7b, 8a, 8b 

15 






ns 

*aha 

Address Hold Time from ADS 

Figures 7a, 7b, 8a, 8b 

15 






ns 

Iads 

Address Strobe Pulse Width 

Figures 7a, 7b, 8a, 8b 

30 






ns 

twPDL 

WIN to WE Output Delay 

Figure 7b 

15 

E3 

30 




ns 

tWPDH 

WIN to WE Output Delay 

Figure 7b 

15 


60 




ns 

tCRS 

CASIN Set-up Time to RASIN High (Mode 6) 

Figure 8b 

35 






ns 

tCPDL 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

32 

El 

58 




ns 

ICPDH 

CASIN to CAS Delay (R/C low in Mode 4) 

Figure 7b 

25 


50 




ns 

Ircc 

Column Select to Column Address Valid 

Figure 7a 



58 




ns 

Ircr 

Row Select to Row Address Valid 

Figures 7a, 7b 


El 

58 




ns 

Irha 

Row Address Held from Column Select 

Figure 7a 

10 



■ 



ns 

l CCAS 

R/C Low to CAS Low (Mode 4 Auto CAS) 

Figure 7a 


55 

75 

■ 

m 


ns 

l DIF1 

Maximum (tRPDL — Irha) 

See Mode 4 
description 

■ 

■ 

13 

■ 

■ 

■ 

ns 

IdiF2 

Maximum (t R cc - ^cpdl) 

See Mode 4 
description 

■ 

■ 

13 

■ 

■ 

■ 

ns 

Refresh Parameter 

Irc 

Refresh Cycle Period 

Figure 2 

100 






ns 

Irasinl,h 

Pulse Width of RASIN during Refresh 

Figure 2 

50 






ns 

tRFPDL 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

35 


mu 

■ 



ns 

Irfpdh 

RASIN to RAS Delay during Refresh 

Figures 2, 9 

30 

■3 

55 




ns 

Irflct 

RFSH Low to Counter Address Valid 

CS = X, Figures 2,3,4 


■ 

60 




ns 

Irfhrv 

RFSH High to Row Address Valid 

Figures 2, 3 


■3 





ns 

Irohnc 

RAS High to New Count Valid 

Figures 2, 4 







ns 

Irleoc 

RASIN Low to End-of-Count Low 

Ci_ = 50pF, Figure 2 



80 




ns 

Irheoc 

RASIN High to End-of-Count High 

Cl = 50pF, Figure 2 



80 




ns 

Irgeob 

RGCK Low to End-of-Burst Low 

Ci_ = 50pF, Figure 4 



95 




ns 

Imceob 

Mode Change to End-of-Burst High 

C L = 50pF, Figure 4 



75 




ns 

Irst 

Counter Reset Pulse Width 

Figure 2 

70 






ns 

ten. 

RF I/O Low to Counter Outputs All Low 

Figure 2 



100 




ns 
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Switching Characteristics (cont d) 


Symbol 

Access Parameter 

Conditions 

8409 - 2 


Units 

Min 

Typ 

Max 



Max 

Irfckl.h 

Minimum Pulse Width of RFCK 

Figure 9 

100 






ns 

T 

Period of RAS Generator Clock 

Figure 3 

100 






ns 

Irgckl 

Minimum Pulse Width Low of RGCK 

Figure 3 

35 






ns 

Irgckh 

Minimum Pulse Width High of RGCK 

Figure 3 

35 





m 

ns 

Ifrql 

RFCK Low to Forced RFRQ Low 

C|_ = 50pF, Figure 3 



30 



m 

ns 

tFRQH 

RGCK Low to Forced RFRQ High 

Cl = 50pF, Figure 3 



75 




ns 

Irgrl 

RGCK Low to RAS Low 

Figure 3 

50 

1 

95 




ns 

Irgrh 

RGCK Low to RAS High 

Figure 3 

40 


85 




ns 

Irqhrf 

RFSH Hold Time from RFSH RQST (RF I/O) 

Figure 3 

2T 






ns 

Irfrh 

RFSH High to RAS High (ending forced RFSH) 

See Mode 1 Descrip. 

55 

m 

110 




ns 

Irfsrg 

RFSH Low Set-up to RGCK Low (Mode 1) 

See Mode 1 Descrip. 

35 






ns 

tcSCT 

CS High to RFSH Counter Valid 

Figure 9 







ns 

tcSRL 

CS Low to Access RASIN Low 

See Mode 5 Descrip. 

10 






ns 

tZH 

CS Low to Address Output High from Hi-Z 

Figures 9, 12 
R1 = 3.5k, R2 =1.5k 


35 

60 




ns 

tHZ 

CS High to Address Output Hi-Z from High 

Cl = 15pF, 
Figures 9, 12 
R2 = 1k, SI open 

1 

20 

40 


1 

■ 

ns 

t ZL 

CS Low to Address Output Low from Hi-Z 

Figures 9, 12 
R1 = 3.5k, R2 = 1.5k 


35 

60 

■ 

■ 


ns 

tLZ 

CS High to Address Output Hi-Z from Low 

Cl= 15pF, 
Figures 9, 12 
R1 = Ik, S2 open 

1 

25 

6 


1 


ns 

Ihzh 

CS Low to Control Output High from 
Hi-Z High 

Figures 9, 12 
R2 = 750Q, SI open 


50 

E3 




ns 

♦hhz 

CS High to Control Output Hi-Z High 
from High 

C L = 15pF, 

Figures 9, 12 
R2 = 750Q, SI open 

■ 

40 

75 

1 



ns 

*hzl 

CS Low to Control Output Low from 
Hi-Z High 

Figure 12, 
SI, S2 open 


45 

75 




ns 

tmz 

CS High to Control Output Hi-Z High 
from Low 

C L = 15pF, 

Figure 12, 

R2 = 75052, SI open 

■ 

50 

80 



■ 

ns 


Input Capacitance t a = 25 °c (Notes 2, e> 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

C|N 

Input Capacitance ADS, R/C 



8 


ES 

C|N 

Input Capacitance All Other Inputs 



5 


mm 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant 
to imply that the device should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: All typical values are for T A = 25°C and Vqc = 5.0V. 

Note 3: This test is provided as a monitor of Driver output source and sink current capability. Caution should be exercised in testing 
this parameter. In testing these parameters, a 15Q resistor should be placed in series with each output under test. One output should 
be tested at a time and test time should not exceed 1 second. 

Note 4: Input pulse OV to 3.0V, tR = tp = 2.5ns, f = 2.5MHz, tpw = 200ns. Input reference point on AC measurements is 1.5V. Output 
reference points are 2.7V for High and 0.8V for Low. 

Note 5: The load capacitance on RF I/O should not exceed 50pF. 

Note 6: Applies to all DP8409 versions unless otherwise specified. 

Note 7: The DP8409-2 device can only be used with memory devices that meet the t RAH specification indicated. 
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DP8409 


Applications 

If external control is preferred, the DP8409 may be used 
in Mode 0 or 4, as in Figure 6. 

If basic auto access and refresh are required, then in 
cases where the user requires the minimum of external 
complexity, Modes 1 and 5 are ideal, as shown in Figure 
13a. The DP843X2 is used to provide proper arbitration be- 
tween memory access and refresh. This chip supplies all 
the necessary control signals to the pro cess or as well as 
the DP8409. Furthermore, two separate CAS outputs are 
also included for systems using byte-writing. The refresh 
clock RFCK may be divided down from either RGCK using 
an 1C counter such as the DM74LS393 or better still, the 
DP84300 Programmable Refresh Timer. The DP84300 can 
provide RFCK periods ranging from 15.4ys to 15.6/^s based 
on the input clock of 2 to 10 MHz. Figure 13b shows the 
general timing diagram for interfacing the DP8409 to dif- 
ferent microprocessors using the interface controller 
DP843X2. 


^ri 



FIGURE 11. Output Load Circuit 


If the system is complex, requiring automatic access and 
refresh, burst refresh, and all-banks auto-write, then 
more circuitry is required to select the mode. This may be 
accomplished by utilizing a PAL. The PAL has two func- 
tions. One as an address comparator, so that when the 
desired port address occurs (programmed in the PAL), 
the comparator gates the data into a latch, where it is 
connected to the mode pins of the DP8409. Hence the 
mode of the DP8409 can be changed as desired with one 
PAL chip merely by addressing the PAL location, and 
then outputting data to the mode-control pins. In this 
manner, all the automatic modes may be selected, 
assigning R/C as RFCK always, and CASIN as RGCK 
always. The output from RF I/O may be use d a s End- of- 
Count to an in terrupt, or Refresh Request to HOLD or 
BUS REQUEST. A complex system may use Modes 5 and 
1 for automatic access and refresh, Modes 3a and 7 for 
system initialization, and Mode 2 (auto-burst refresh) ,, 
before and after DMA. 

TRI-STATE® Is a registered trademark of National Semiconductor Corp. 

PAL® Is a registered trademark of and used under license with Monolithic 
Memories, Inc. 



FIGURE 12. Waveform 
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•T IS MICROPROCESSOR'S CLOCK PERIOD 


FIGURE 13b. DP8409 Auto Refresh 






DP8419 


National 

Semiconductor 


DP8419 High Speed Dynamic 


General Description 

The DP8419 High Speed DRAM Controller/Driver com- 
bines the most popular memory control features of the 
DP8408/9 DRAM Controller/Driver with the high speed of 
Bipolar Oxide Isolation processing. 

The DP8419 retains the high capacitive-load drive capa- 
bility of the DP8408/9 as well as its most frequently used 
access and refresh modes, allowing it to directly replace 
the DP8408/9 in applications using only modes 0, 1, 4 
and 5. Thus, the DP8419 will allow most DP8408/9 users 
to directly upgrade their system simply by replacing 
their old controller chip with the DP8419. 

Since only two of the three mode pins from the 
DP8408/9 are necessary to select the four available 
DP8419 modes, Ml of the DP8408/9 is called RAHS on 
the DP8419 and allows the user the option of selecting 
tR AH to suit his DRAMs. 


Dynamic Memory Support 

PRELIMINARY 


RAM Controller/Driver 


Figure 1 shows the DP8419 pinout. It is identical to that 
of the DP8408/9, except for pin 4 which has become 
RAHS. 

Table lisa DP8419 mode table. Pins 3 and 5 are used to 
select from the four available operational modes. Note 
that the mode selection scheme is identical to that of 
the DP8408/9 with Ml (pin 4) tied low. 

Features 

■ Pin and functionally compatible with the DP8408/9 
DRAM Controllers in most applications 

■ Significantly faster memory access and refresh due 
to Bipolar Oxide Isolation processing 

■ Choice of t RAH is pin selectable 

■ Nibble mode accessing available in external control 
mode 



Connection Diagram 

Dual-In-Line Package 



RAS1N 

cs 

RF I/O 

WIN 

WE 

QO 

Q1 

Q2 

03 

04 
GND 

05 
VCC 
Q6 
07 
Q8 
CAS 
RAS3 
RAS2 
RAS1 
RAS0 
B0 
B1 
C8 


Table 1. DP8419 Mode Select Options 


Mode 

(RFSH) 

M2 

MO 

Mode of Operation 

0 

0 

0 

Externally Controlled Refresh 

1 

0 

1 

Auto Refresh — Forced 

4 

1 

0 

Externally Controlled Access 

5 

1 

1 

Auto Access (Hidden Refresh) 
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DP8408, DP8409 
Application Hints 


National Semiconductor 
Application Brief #1 
Tim Garverick 
June 1983 


The DP8408, DP8409 dynamic RAM controllers have been 
well received by dynamic memory users because they per- 
form functions formerly requiring multiple integrated cir- 
cuit chips. These controllers are designed to be suitable 
for a variety of DRAM control methods. As a result of the 
many combinations of ways in which inputs to these chips 
may be varied, it was inevitable that certain conditions ex- 
ist that would cause the DP8408, DP8409 to respond in an 
undesirable way. Feedback from customers using these 
chips has resulted in thorough investigations of such con- 
ditions. The following are constraints on the use of the 
DRAM controllers which are not addressed in their data 
sheets. The majority of customers will find that most of 
the items on this list are not pertinent to their particular 
application, and those that are impose minimal restrictions. 

1) The on-chip refresh counter resets when the RFI/O pin 
goes low for a refresh request in mode 5 if this pin is 
excessively loaded with capacitance. The data shefet 
suggests that this pin not be loaded with greater than 
50 pF. Since RFI/O, in most cases, needs only to drive 
a low capacitance in a refresh control circuit, this limit 
is not unreasonable. 

2) When the DP8408, DP8409 is in a refresh mode, the 
RFI/O pin indicates that the on-chip refresh counter 
has reached its end-of-count. This end-of-count is se- 
lectable as 127, 255 or 511 (511 is available only on the 
DP8409) to accommodate 16k, 64k or 256k DRAMs, re- 
spectively. Although the end-of-count may be chosen 
to be any of these, the counter always counts to 511 
(255 for the DP8408) before rolling over to zero. 

3) In mode 5, the DP8409 requests a refresh when RFI/O 
goes low following RFCK (R/C). DP8409s with date 
code 8209 or earlier, have a slight functional dif- 
ference from later DP8409s. With CS = 1, RFI/O goes 
low for only about 10 ns when RFCK goes low, for early 
DP8409s. It stays high until mode 1 is entered and 
then responds as specified in the data sheet. DP8409S 
with date codes jifter 8209 function as shown in the 
data sheet with CS = 1. If CS = 0 all DP8409S operate 
as specified in the data sheet. 

4) When going fr om mod e 0, 1 or_2 (refresh) to mode 5 of 
the DP8408, if CASIN and R/C are both low, a glitch 
occurs on the CAS output. Since neither of these in- 
puts is used in these modes, one or both should be 
held high. 

5) Mos t DRAMs specify 0 ns row address set-up time to 
RAS. In order to guarantee this, the row address to the 


DP8408,DP8409 must be valid 10 ns before RASIN tran- 
sitions low to initiate an access. In terms of the data 
sheet parameters, maximum (tAPD'f rpdl) = 10 ns. 

6) When changing modes from refresh to access, again 
sufficient time must be allowed for the row address to 
be valid before RAS occurs. In this case, the address 
outputs of the DP8408, DP8409 are changing from the 
refresh counter to the row address inputs. In order for 
the r ow addres s to be s et up a minimum of 0 ns before 
RAS goes low, RASIN should not go low until 30 ns 
after the change from refresh to access mode. 

7) Both the low and high pulse widths of RAS have mini- 
mum requirements during refresh. When in mode 0, 
the RAS IN to RAS low delay is longer than the RASIN 
to RAS high delay. In terms of the data sheet 
parameters, maximum (t RF pDL _ tRFPDH) = 25 ns. 
Thus, the m inimum low pulse width of RAS in mode 0 
equals the RASIN low pulse width minus 25 ns. The 
min imum high pulse width of RAS in mode 0 equals 
the RASIN high pulse width. 

8) The fastest memory access may be accomplished 
using mode 4 and external delay lines (see App. 
Brief #9). 

9) In the data sheet, it is specified that CS should go low 
15 ns (t CS LFt) before RASIN goes low to initiate an ac- 
cess in mod e 5. T his is to prevent the possibility of a 
glitch on the RAS outputs, resulting from the DP8409 
interpreting the RASIN as a hidden refresh. For the 
same reason, CS should be held low for a minimum of 
15 ns after RASIN returns high, ending the access in 
mode 5. 

10) If t he DP8 409 is being used in mode 5 and CS = 1, and 
if RASIN goes low within 15 ns before RFCK (R 1C) 
goes low, up to a 15 ns glitch may occur on the refresh 
request pin, RFI/O. However, since CS is high, a hid- 
den refresh will occur as it normally would with RFCK 
high. If the glitch on RFI/O were detected and inter- 
preted as a forced refresh request, no forced refresh 
would be allowed by the DP8409 since a hidden 
refresh was allowed. This would not cause any prob- 
lem, however, since the hidden refresh has taken care 
of the refresh requirement for that period of RFCK. 
Also, this forced refresh request could not be detected 
if the system does not check RFI/O for a low state 
while RASIN is low (i.e., an access is taking place). 
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App Brief 9 


DP8408/9 

Fastest DRAM Access Mode 


If one desires the fastest possible operation of the 
DP8408/9 multi-mode dynamic RAM controller/driver in 
accessing DRAMs, mode 4, externally controlled access 
mode should be considered. 

In using mode 4 there are three input signals which 
must be considered: 

1) RASIN — generates RAS 

2) R/C — switches between rows and columns on the 

address outputs 

3) CASIN — generates CAS 

In prod ucing these signals a delay will be nee ded be - 
tween RASIN and R/C and between R /C and CASIN. 
(Note : In m ode 4 external generation of CASIN can p ro- 
duce CAS faster than automatic generation of CAS.) 

Two important parameters have been added to the 
DP8408/9 data sheets that help one compute the mini- 
mum acceptable delays between the above-mentioned 
signals. These parameters are: 

1) ^difi = MAXIMUM (tRPDL - 1 rha) = 13 ns 
where t RPDL = RASIN to RAS delay 

t RHA = row address held from column select 
,2) t D iF 2 = MAXIMUM (t R cc — Icpdl) = 13 ns 

where t RC c = column select to column address 
valid 

t C PDL = CAS,N 1° CAS delay 

These parameters are specified as being less than what 
would be calculated using the min/max values given for 
1 rcc> Icpdl- 1 rpdl and Irha In. the DP8408/9 specification 
sheets, because on-chip delays track over temperature 
and supply variations. 

The equation for the delay between RASIN and R/C that 
guarantees the specified DRAM t RAH is: 

min delay required = t D | F1 + t RAH 
= 13 ns + t RAH 

where t RAH = DRAM minimu m row address 
hold time from RAS 


National Semiconductor 
Application Brief #9 
Tim Garverick 
Rusty Meier 
February 1983 


The equation for the delay between R/C and CASIN that 
guarantees the specified DRAM t ASC is: 

min delay required = t D)F2 -F t AS c 
=‘13 ns + t A sc 

where t ASC = DRAM minimu m co lumn address 

set-up time to CAS 

To produce the above-mentioned delays between sig- 
nals, a ±2 ns resolution delay line can be used as 
follows: 

(assuming t RAH = 20 ns, t ASC = 0 ns) 

RASIN to R/C delay = 1 3 ns + 20 ns 
= 33 ns 

R/C to CASIN delay = 13 ns + 0 ns 
= 13 ns 

Thus, R /C must follow RASIN by a minimum of 33 ns and 
CASIN must follow R/C by a mini mum o f 13 ns. With a 
de lay line of ± 2 ns resolution, the RASIN to R/C and R/C 
to CASIN delays can be typicals of 35 ns and 15 ns, re- 
spectively. (See Figures 1 and 2 below.) 

This scheme will provide a maximum RASIN to CAS 
delay of: 

35 ns + 15 ns + 2 ns (resolution uncertainty) 

+ MAXIMUM (t CPDL ) = 52 ns + MAXIMUM (t CPDL ) 

For the DP8408/9-2, MAXIMUM (t CPD L) = 58 ns. 

For the DP8408/9 (no dash), MAXIMUM (t CPDL ) = 68 ns 
(not 58 ns as indicated in data sheets up to November 
1982). 

The fastest mode 4 accesses (with the assumed delay 
line and DRAM parameters) are therefore, 110 ns and 
120 ns, respectively, for the -2 and non-dash parts. 

The maximum RASIN to CAS delay (t R | CL ) In mode 5 
(auto mode) for the DP8408/9-2 (which guarantees a min 
t RAH of 20 ns) is 130 ns. The maximum t R | CL in mode 5 for 
the DP8408/9 (no dash) is 160 ns. 

Thus, it is shown that if the features offered by the 
DP8408/9 automatic modes can be sacrificed, mode 4 
(externally controlled access) may be used to obtain the 
fastest memory access. 
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AN-305 


Precautions to Take 
When Driving Memories 


National Semiconductor 
Application Note AN-305 
June 1982 
Mike Evans 



As memory prices continue their relentless reduction of 
cost per bit, more and more systems designers are incor- 
porating memories into their designs. In general these 
memories comprise a number of dynamic RAMs, such 
as the 64kx 1. In this x 1 configuration, the number of 
RAMs required is a multiple of the bus width. Most new 
system designs use 16-bit microprocessors, so that a 
typical memory will comprise from 16 to 64 DRAMs, thus 
providing from 64k to 256k addressing capability. This 
means the memory drivers have to drive upwards of 16 
RAMs. The drivers may be part of an integrated circuit 
dynamic RAM controller such as the DP8408/DP8409, or 
they may be on a separate chip such as the 
DP84240/DP84244 octal memory drivers. The rec- 
ommendations in this article are valid for any type of 
memory driver. The purpose of the article is to forewarn 
new designers using memories of problems they will 
encounter if adequate precautions are not taken. 

A typical configuraton of a 16-bit wide memory is shown 
in Figure 1. Each drive r address output goes to every 
dynamic RAM, as does WE. CAS outputs go to hal f the 
number of RAMs assuming byte writing is required. RAS 
outputs each go only to one bank. Note that these loads 
are not true for the data inputs and outputs. Each data 
I/O only connects to its respective bit, so the loading is 
only one RAM per bank for data. In general, this is why 
buffers are not required on the data bus when interfac- 
ing to memory. Data In of the RAMs can be linked 
directly to Data Out for any one bit, and also to the cor- 
responding bit on the data bus. This is true for normal 
read and write operations, but if read-modify-write 
cycles are employed, the Data Out signals must be 
buffered from the data bus. 

Using this typical memory configuration may not be as 
simple as it seems. Without care and attention, prob- 
lems can arise for the unprepared, and there are two 
areas in particular which may cause memory errors or 
memory damage: one is voltage overshoot caused by 
inductive traces and high capacitive loads, the other is 
switching spikes caused by switching high capacitive 
loads. 

Overshoot and Undershoot 

(Undershoot is Negative Overshoot) 

When a system requires a number of dynamic RAMs, the 
result is high capacitance loads, caused by a com- 
bination of RAM input capacitance and trace capaci- 
tance. Each dynamic RAM has a specified input capaci- 
tance of lOpF maximum, but most dynamic RAMs are 
closer to 2 to 3pF. Very few actually get close to lOpF, 
even under worst case conditions of high temperature 
and Vcc- It is safe, therefore, to assume a much lower 
average input capacitance when using 16 or more RAMs. 


In fact, the input capacitance of most inputs is due more 
to the package than the input gating, because the silicon 
gate inputs of the transistors in today’s market have 
such high impedance. A typ ical maxi mum would b$ 
2.5 pF. Control inputs such as RAS and CAS connect to 
more than one transistor input. For example, on the 
National Semi conductor 64k xl dynami c RA M, the 
NMC4164, RAS goes to two transistors and CAS to four. 
In general, this is true for most manufacturers’ RAMs, so 
a more typic al maximum input capacitance would be 
3pF for RAS and 3.5pF for CAS. RAM input currents are 
so small as to be negligible. The input current is quoted 
as lO^A maximum, but again most RAMs are much less 
than this in a typical memory. Driving DRAMs, therefore, 
is not a problem of DC drive capability, but rather a 
problem of capacitance drive capability. 

Driving DRAM input capacitance is further compounded 
by printed circuit traces, and even more so by wire- wrap- 
ping. Both can be represented by a transmission line with 
distributed capacitance and inductance. Thus, the total 
load is equivalent to a complex impedance comprising 
the distributed trace inductance, and a capacitance com- 
prising distributed trace capacitance and RAM input ca- 
pacitance as shown in Figure 2a. 

The effect is an overshoot or undershoot at the dynamic 
RAM inputs that occurs each time a memory driver 
changes state, as shown in Figure 2b. As the driver output 
changes state, the load capacitance cannot be instan- 
taneously charged or discharged because the current 
available is limited both by the driver transistor imped- 
ance, and the equivalent series resistance from the 
supply rail through the chip to the trace resistance. This 
current will be similar in value to the quoted short circuit 
current of the driver stage; therefore, there is a spike of 
current that lasts as long as it takes to change the voltage 
of all the capacitances. For the driver stages of the 
DP8408/DP8409, or the DP84240/DP84244, the typical 
short circuit current is 100mA per stage. This is true for 
either direction, so that the high-to-low transition takes 
roughly the same time as the low-to-high transition, min- 
imizing skew times on all the driver outputs, as they 
transition in either direction. Assuming the output low 
voltage, Vol, is 0.2V and the output high voltage, V 0H , is 
3.2V, and that the charge/discharge current is constant 
at Isc. then the current spike will exist for a time, T, 
where, 

T = C L x (Voh - Vol)/ Isc 
= 500pF x 3.0V/100mA = 15ns 
C L (500pF) is the load capacitance of typically 64 to 88 
dynamic RAMs, in other words, four banks comprising 
16 data bits and possibly six check bits if error 
correction is required. 
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In fact, due to the trace inductance, the rate of change of 
current will not be a step function, so that the current 
waveform looks like a spike. Even so, the rapid rate of 
change of current, di/dt, into the trace inductance L, will 
create a potentially excessive voltage “e” across this 
inductance. As an example, if the current changes from 
0 to 100mA in 6ns, and the composite trace inductance 
is 0.3fiH, then the voltage across this inductance is “e,” 
where, 

e = L di/dt 

= 0.3/iHx 100mA/6ns = 5V 

In other words, at this rate of change in current, even a 
small inductance can be dangerous for two reasons. 
First, the dynamic RAMs at the far end of the trace could 
be destroyed, unless they have clamping diodes to V cc 
and GND (most do not), or second, the returning voltage 
may exceed the threshold it has just passed causing a 
second and then third change of state. If this sud den 
glitch occurs on a control signal input such as RAS, the 
memory contents may be inadvertently changed. 

It is therefore necessary to remove the spike. The most 
common approach is to insert a damping resistor in the 
path between the driver and the RAMs, fairly close to the 


driver, as shown by R D in Figure 2a. The best value for the 
resistor is the critical value giving a critically damped 
transition. Too high a value will cause overdamping 
which results in a slow transition. This slow edge may 
create excessive skew problems and slow down the 
memory cycle, or even worse, the edge may be slow 
enough that the RAM cycle never begins internally. If the 
damping resistor value is too low, the undershoot or 
overshoot may not be removed. It is therefore recom- 
mended that the resistor be determined on the first pro- 
totypes (not wire-wrapped prototypes because the value 
will be different due to the larger distributed inductance 
and capacitance). Also, the v alues may be different for 
the control line s, pa rticularly CAS. If there are a number 
of banks, and a RAS is used to select each bank, then the 
damping resistor in this line will be higher. 

Typical values for the damping resistors will be between 
15Q and 100Q, the lower the loading, the higher the 
values. Some 1C manufacturers offer octal memory driv- 
ers with on-chip series resistors fixed at =25Q. Unless 
this is the critical value required for all the lines, prob- 
lems will arise. The DP8400 family has been designed 
with equivalent internal values of approximately 10Q, 
allowing for any external value of damping resistor. 


16-BIT MICROPROCESSOR DATA BUS 


RAMS MAY BE 
16k OR 64k 
RAM ADDRESS BUS 


SELECT UPPER BYTE 
SELECT LOWER BYTE 



NECESSARY IF MORE 
THAN ONE BANK 


Figure 1. Typical 16-Bit Memory with 
Byte Write Address 
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Figure 2a. Complex Load Impedance Caused by 
Distributed Trace Inductance L and Capacitance C S) 
and RAM Input Capacitance Cjn 



Figure 2b. Timing Waveforms Showing the Effect of 
Variations of Rq on Signals Appearing at the RAM 


Switching Current Spikes 

Another major undesirable effect of the fast current 
spikes is the effect on the Vcc and GND pins. The worst 
case is when all eight or nine address outputs switch in 
the same direction at the same time, as shown in Figure 
3a. If each driver can source or sink 100mA, then a 
current of approximately 1 A could enter or exit the driver 
chip in a period of 20ns. The resistance and inductance 
of the V C c and GND lines to the chip can cause 
excessive drops during this switching time {see wave- 
forms in Figure 3a), which may, in turn, upset latches 
either in the DP8408/DP8409, or externally. A ceramic 
capacitor connected across V C c and GND pins will 
largely remove the spike. A 1yF multilayer ceramic is 
recommended. This should be fitted as close as possi- 


ble to the pins in order to reduce lead inductance. The 
DP8408/DP8409 pin configuration facilitates this with 
GND and Vcc Pins 0.2" apart so that the ceramic capaci- 
tor can be fitted as close to the chip as possible. The 
second GND pin should also be decoupled. These GND 
and Vcc Pins are located in the center of the package to 
reduce bonding lead lengths. In fact, the lead resistance 
is five times lower than if the supply pins were in the 
corners. An example of how this spike can be reduced 
would be the previous example of a 1 A change in supply 
current switching in 20ns with aljiF ceramic capacitor 
decoupling GND and V C c- The voltage drop “v” is 
1 Ax20ns/1^F, or 20 mV. 
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If the decoupling capacitor was 0.01 |uF, the. drop would 
be 2V. Tantalum or other types of capacitors are lower 
frequency capacitors and have only a small effect In re- 
ducing the voltage spike. Ceramic capacitors are high 
frequency, and multilayer capacitors with lower induc- 
tance have a greater effect in reducing the voltage spike 
and are therefore recommended. As a further recommen 
dation, the dynamic RAMs should be similarly decoupled 
with approximately a 0.1 pF ceramic capacitor on each 
RAM. Wire-wrapped boards, in particular, need special 
attention. 

There are some other precautions that may be con- 
sidered when driving memories. First, be aware that 1C 


sockets increase load capacitance and Inductance, so it 
becomes a matter of the importance of removability of 
chips, and maintainability. Also, shorter, thicker trace 
lengths will reduce the load, and good GND and V cc con- 
nections will help reduce the voltage spikes around the 
memory board. For wire-wrapped designs, GND and V C c 
should be multiwired. 

With proper decoupling and correct selection of damp- 
ing resistors, integrated circuit dynamic RAM controllers 
will function as expected to ease the burden of the 
system designer. 
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Figure 3a. Effect of Switching All Outputs 
Simultaneously in the Same Direction 
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Figure 3b. Timing Waveforms Showing Internal Supply 
Rail Drops During Output Switching 
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DP8400 



National 

Semiconductor 


Dynamic Memory Support 


DP8400 — E 2 C 2 Expandable Error Checker and Corrector 


General Description 

The DP8400 Expandable Error Checker and Corrector 
(E 2 C 2 ) aids system reliability and integrity by detecting er- 
rors in memory data and correcting single or double-bit er- 
rors. The E 2 C 2 data I/O port sits across the processor- 
memory data bus as shown, and the check bit I/O port con- 
nects to the memory check bits. Error flags are provided, 
and a syndrome I/O port is available. Fabricated using 
high speed Schottky technology in a 48-pin dual-in-line 
package, the DP8400 has been designed such that its in- 
ternal delay times are minimal, maintaining maximum 
memory performance. 


DATA BUS 


16/32/48/64 


SYSTEM 

CONTROL 


PROCESSOR 


6/7/8/8 

K / » 

SYNDROME 
I BUS 


E*C* 


¥ — H 


6/7/B/8 

◄ ■/- ►’ 


CHECK BIT 
BUS 


ERROR FLAGS 


For a 16-bit word, the DP8400 monitors data between the 
processor and memory, with its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 uses 
an encoding matrix to generate 6 check bits from the 16 
bits of data. In a WRITE cycle, the data word and the cor- 
responding check bits are written into memory. When the 
same location of memory is subsequently read, the E 2 C 2 
generates 6 new check bits from the memory data and 
compares them with the 6 check bits read from memory to 
create 6 syndrome bits. If there is a difference (causing 
some syndrome. bits to go high), then that memory loca- 
tion contai ns an error and the DP8400 indicates the type of 
error with 3 error flags. If the error is a single-bit error, the 
DP8400 will automatically correct it. 

The DP8400 is easily expandable to other data configura- 
tions. For a 32-bit data bus with 7 check bits, two DP8400s 
can be used in cascade with no other ICs. Three DP8400s 
can be used for 48 bits, and four DP8400S for 64 data bits, 
both with 8 check bits. In all these configurations, single 
and double-error detection and single-error correction are 
easy to implement. 

When the memory is more unreliable, or better system in- 
tegrity is preferred, then in any of these configurations, 
double-error correction can be performed. One approach 
requires a further memory WRITE-READ cycle using com- 
plemented data and check bits from the DP8400. If at least 
one of the two errors is a hard error, the DP8400 will correct 
both errors. This implementation requires no more 
memory check bits or DP8400s than the single-error cor- 
rect configurations. 


The DP8400 has a separate syndrome I/O bus which can 
be used for error logging or error management. In addition, 
the DP8400 can be used in BYTE-WRITE applications (for 
up to 72 data bits) because it has separate byte controls 
for the data buffers. In 16 or 32-bit systems, the DP8400 will 
generate and check system byte parity, if required, for in- 
tegrity of the data supplied from or to the processor. There 
are three latch controls to enable latching of data in vari- 
ous modes and configurations. 


Operational Features 

■ Fast single and double-error detection 

■ Fast single-error correction 

■ Double-error correction after catastrophic failure with 
no additional ICs or check bits 

■ Functionally expandable to 100% double-error correct 
capability 

■ Functionally expandable to triple-error detect 

■ Directly expandable to 32 bits using 2 DP8400s only 

■ Directly expandable to 48 bits using 3 DP8400s only 

■ Directly expandable to 64 bits using 4 DP8400s only 

■ Expandable to and beyond 64 bits in fast configuration 
with extra ICs 

■ 3 error flags for complete error recording 

■ 3 latch enable inputs for versatile control 

■ Byte parity generating and checking 

■ Separate byte controls for outputting data in BYTE- 
WRITE operation 

■ Separate syndrome I/O port accessible for error logging 
and management 

■ On-chip input and output latches fordata bus, check bit 
bus and syndrome bus 

■ Diagnostic capability for simulating check bits 

■ Memory check bit bus, syndrome bus, error flags and in- 
ternally generated syndromes available on the data bus 

■ Self-test of E 2 C 2 on the memory card under processor 
control 

■ Full diagnostic check of memory with the E 2 C 2 

■ Complete memory failure detectable 

■ Power-on clears data and syndrome input latches 


Timing Features 

16-BIT CONFIGURATION 

WRITE Time: 35 ns from data-in to check bits valid 
DETECT Time: 35 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 70 ns from data-in to correct data out 
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Timing Features (Continued) 

32-BIT CONFIGURATION 

WRITE Time: 65 ns from data-in to check bits valid 
DETECT Time: 60 ns from data-in to Any Error (AE) flag set 
CORRECT Time: 125 ns from data-in to correct data out 


DP8400 Connection Diagram 
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Order Number DP8400N-4 or DP8400D-4 
See NS Package N48A or D48A 


Pin Definitions See Figure 1 for abbreviations 

V cc , GND, GND: 5.0V ± 5%. The 3 supply pins have been 
assigned to the center of the package to reduce voltage 
drops, both DC and AC. Also there are two ground pins to 
reduce the low-level noise. The second ground pin is lo- 
cated two pins from V cc , so that decoupling capacitors 
can be inserted directly next to these pins. It is important 
to adequately decouple this device, due to the high switch- 
ing currents that will occur when all 16 data bits change in 
the same direction simultaneously. A recommended solu- 
tion would be a 1 multilayer ceramic capacitor in 
parallel with a low-voltage tantalum capacitor, both con- 
nected close to pins 36 and 38 to reduce lead inductance. 

DQ0-DQ15: Data I/O port. 16-bit bidirectional data bus 
which is connected to the input of DILO and DILI and the 
output of DOBO and DOB1, with DQ8-DQ15 also to OIL. 

C0-C6: Check-bit I/O port. 7-bit bidirectional bus which is 
connected to the input of the OIL and the output of the 
COB. COB is enabled whenever M2 is low. 


S0-S6: Syndrome I/O port. 7-bit bidirectional bus which is 
connected to the input of the SIL and the output of the 
SOB. 

DLE: Input data latch enable. When high, DILO and DILI 
outputs follow the input data bus. When low, DILO and 
DILI latch the input data. 

CSLE: Input check bit and syndrome latch enable. When 
high, OIL and SIL follow the input check and syndrome 
bits. When lo w, OIL and SIL latch the input check and syn- 
drome bits. If OES is low, SIL remains latched. 

OLE: Output latch enable. OLE enables the internally 
generated data to DOLO, and DOL1, COL and SOL when 
low, and latches when high. 

XP: Multi-expansion, which feeds into a three-level com- 
parator. With XP at OV, only 6 or 7 check bits are available 
for expansion up to 40 bits, allowing byte parity capability. 
With XP open or at V cc , expansion beyond 40 bits is possi- 
ble, but byte parity capability is no longer available. When 
XP is at V cc , CG6 and CG7, the internally generated upper 
two check bits, are set low. When XP is open, CG6 and CG7 
are set to word parity. 

BPO (C7): When XP is at OV, this pin is byte-0 parity I/O. In 
the Normal WRITE mode, BPO receives system byte-0 pari- 
ty, and in the Normal READ mode outputs system byte-0 
parity. When XP is open or at V cc , this pin becomes C7 I/O, 
the eighth check bit for the memory check bits, for 48-bit 
expansion and beyond. 

BP1 (S7): When XP is at OV, this pin is byte-1 parity I/O. In 
the Normal WRITE mode, BP1 receives system byte-1 pari- 
ty, and in the Normal READ mode outputs system byte-1 
parity. When XP is open or at V cc , this pin becomes S7 I/O, 
the eighth syndrome bit for 48-bit expansion and beyond. 

AE: Any error. In the Normal READ mode, when low, AE in- 
dicates no error and when high, indicates that an error has 
occurred. In any WRITE mode, AE is permanently low. 

E0: In the Normal READ mode, E0 is high for a single-data 
error, and low for o ther conditions. In the Normal WRITE 
mode, E0 becomes PE0 and is low if a parity error exists in 
byte-0 as transmitted from the processor. 

El: In the Normal READ mode, El is high fora single-data 
error or a single check bit error, and low for no error and 
double-error, in the Normal WRITE mode, El becomes PEI 
and is low if a parity error exists in byte-1 as transmitted 
from the processor. 

OBO, OBI: Output byte-0 and output byte-1 enables. 
These inputs, when low, enable DOLO and DOL1 through 
DOBO and DOB1 onto the data bus pins DQ0-DQ7 and 
DQ8-DQ15. When OBO and OBI are high the DOBO, DOB1 
outputs are TRI-STATE®. 

OES: Output enable syndromes. I/O control of the syn- 
drome latches. When high, SOB is TRI-STATED and exter- 
nal syndromes pass t hrou gh the syndrome input latch 
with CSLE high. When OES is low, SOB is enabled and the 
generated syndromes appear on the syndrome bus, also 
CSLE is inhibited internally to SIL. 

M0, Ml, M2: Mode control inputs. These three controls 
define the eight major operational modes of the DP8400. 
Table III depicts the modes. 



TRI-STATE® Is a registered trademark of National Semiconductor Corp. 
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Syndrome Input Latch COB 

Partial Syndrome Generator SOB 
Syndrome Generator EE 

Data Error Detector DCO, 1 

Data Error Bytes 0, 1 
Parity Error 
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Syndrome Output Buffer 
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Data Corrector Bytes 0, 1 


|rT| mode of operation signifies active signal 


FIGURE 1. DP8400 Block Diagram 






























SYSTEM WRITE (Figure 2a) 

The Normal WRITE mode is mode 0 of Table III. Referring 
to the block diagram in Figure 9a and the timing diagram 
of Figure 9b, the 16 bits of data from the processor are ena- 
bled into the data input latches, DILO and DILI, when the 
input data latch enable (DLE) is high. When this goes low, 
the input data is latched. The check bit generator (CG) 
then produces 6 parity bits, called check bits. Each parity 
bit monitors different combinations of the input data-bits. 
In the 16-bit configuration, assuming no syndrome bits are 
being fed in from the syndrome bus into the syndrome in- 
put latch, the 6 check bits enter the ch eck bit output latch 
(COL), when the o utpu t latch enable OLE is low, and are 
latched in when OLE goes high. Whenever M2 (READ / 
WRITE) is low, the check bit output buffer COB always 
enables the COL contents onto the external check bit bus. 
Also t he data error decoder (DED) is inhibited during 
WRITE so no correction can take place. Dat a ou tput 
latches DOLO and DOL1, when enabled with OLE, will 
therefore see the contents of DILO and DILI. If valid 


system data is still on the data bus, a memory WRITE will 
write to memory the data on the data bus and the check 
bits output from COB. If the system has vacated the data 
bus, output enables (OBO and OBI) must be set low so that 
the original data word with its 6 check bits can be written 
to memory. 

SYSTEM READ 

There are two methods of reading data: the error monitor- 
ing method (Figure 2b), and the always correct method 
(Figure 2c). Both require fast error detection, and the sec- 
ond, fast correction. With the first method, the memory 
data is only monitored by theE 2 C 2 , and is assumed to be 
correct. If there is an error, the Any Error flag (AE) goes 
high, requiring further action from the system to correct 
the data. With the always correct method, the memory 
data is assumed to be possibly in error. Memory data is 
removed and the corrected, or alrea dy c orrec t, data is out- 
put from the E 2 C 2 by enabling OBI and OBO. To detect an 
error (referring to Figures 10a and 10b) first DLE and CSLE 


BYTE PARITY ERROR 



FIGURE 2a. Normal WRITE Mode with E Z C 2 



FIGURE 2b. Normal READ Mode, Error Monitoring Method with E 2 C 2 
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FIGURE 2c. Normal READ Mode, Always Correct Method with E 2 C 2 
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go high to enter data bits and check bits from memory into 
DILO, DOL1 and CIL. The 6 check bits generated in CG from 
DILO and DOL1 are then compared with CIL to generate 
syndromes on the internal syndrome bus (SG). Any bit or 
bits of SG that go high indicate an error to the error en- 
coder (EE). 

If data correction is required OBO and OBI must be set low 
(after memory data has been disabled) to enable data out- 
put buffers DOBO and DOB1. The location of any data bit 
error is determined by the data error decoder (DED), from 
the syndrome bits. The bit in error is complemented in the 
DOL for correction. The other 15 bits from DED pass the 
DIL contents directly to the DOL, so that DOL now con- 
tains corrected data. 

ERROR DETERMINATION 

The three error flags, for a 16-bit example, are decoded 
from the internally generated syndromes as shown in 
Figure 3. First, if any error has occurred, the generated 
check bits will be different from the memory check bits, 
causing some of the syndrome bits to go high. By OR-ing 
the syndrome bits, the output will be an indication of any 
error. 

If there is a single-data error, then (from the matrix in 
Table IV) it can be seen that any data error causes either 3 
or 5 syndrome bits to go high. 16 AND gates decode which 
bit is in error and the bit in error is XOR-ed with the cor- 
responding bit of the DIL to correct it, whereas the other 15 
decoder outputs are low, causing the corresponding 15 
bits in DIL to transfer to DOL directly. DOL now contains 
corrected data. The 16 AND gate outputs are OR-ed to- 
gether causing EO to go high, so that EO is the single-data- 
error indication. If the error is a double-error, then either 2, 



INTERNAL 

SYNDROME 

BUS 


FIGURE 3. Error Encoder 


4 or 6 of the syndrome bits will be high. The syndromes for 
two errors (including one or two check bit errors) are the 
two sets of syndromes for each individual error bit, 
XOR-ed together. By performing a parity check on the syn- 
drome bits, flag El will indicate even/odd parity. If there is 
still an error, but it is not one of these errors, then it is a 
detectable triple-bit error. Some triple-bit errors are not 
detectable as such and may be interpreted as single-bit er- 
rors and falsely corrected as single-data errors. This is 
true for all standard ECC circuits using a Modified 
Hamming-code matrix. The DP8400 is capable, with its 
Rotational Syndrome Word Generator matrix, of determin- 
ing all triple-bit errors using twice as many DP8400s and 
twice as many check bits. 

ERROR FLAGS 

Three error flags are provided to allow full error determina- 
tion. Table I shows the error flag outputs for the different 
error types in Normal READ mode. If there is an error, then 
ANY ERROR will go high, at a time t D ev (Figure 10b) after 
data and check bits are presented to the DP8400. The 
other two error flags EO and El become valid t DE0 and 
t DE1 later. 

The error flags differentiate between no error single check 
bit error, single data-bit error, double-bit error. Because the 
DP8400 can correct double errors, it is important to know 
that two errors have occurred, and not just a multiple-error 
indication. The error flags will remain valid as long as DLE 
and CSLE are low, or if DLE is high, and data and check 
bits remain valid. 

BYTE PARITY SUPPORT 

Some systems require extra integrity for transmission of 
data between the different cards. To achieve this, individ- 
ual byte parity bits are transmitted with the data bits in 
both directions. The DP8400 offers byte parity support for 
up to 40 data bits. If the processor generates byte parity 
when transferring information to the memory, during the 
WRITE cycle, then each byte parity bit can be connected to 
the corresponding byte parity I/O pin on the DP8400, either 
BPO or BP1. The DP8400 develops its own internal byte 
parity bits from the two bytes of data from the processor, 
and compares them with BPO and BP1 using an exclusive- 
OR for both parities. The output o f ea ch e xclus ive-OR is 
fed to the error flags EO and El as PEO and PEI, so that a 
byte parity error forces its respective error flag low, as in 
Table II. These flags are only valid for the Normal WRITE 
(mode 0) and XP at 0V. The DP8400 checks and generates 
even byte parity. 

When transferring information from the memory to the 
processor, the DP8400 receives the memory data, and out- 
puts the corresponding byte parity bits on BPO and BP1 to 
the processor. The processor block can then check data 
integrity with its own byte parity generator. If in fact 
memory data was in error, the DP8400 derives BPO and 
BP1 from the memory input data, and not the corrected 
data, so when corrected data is output from the DP8400, 
the processor will detect a byte parity error. 

If correct byte parity is required, transfer of corrected out- 
put data in the DOL to DIL will result in correct byte parity 
at BPO and BP1. This can be part of a normal memory re- 
WRITE cycle once an error has occurred. 
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TABLE I. ERROR FLAGS AFTER 
NORMAL READ (MODE 4) 


AE 

El 

E0 

Error Type 

0 

0 

0 

No error 

1 

1 

0 

Single check bit error 

1 

1 

1 

Single-data error 

1 

0 

0 

Double-bit error 


TABLE II. ERROR FLAGS AFTER 
NORMAL WRITE (MODE 0) 


All Others 


AE 

El (PEI) 

E0 (PE0) 

Error Type 

0 

1 

1 

No parity error 

mm 

1 

0 

Parity error, byte 0 


0 

1 

Parity error, byte 1 

0 

0 

0 

Parity error, bytes 0, 1 


Invalid conditions 


TABLE III. DP8400 MODES OF OPERATION 


Ml MO OES 


Operation 


0 0 0 0 X Normal WRITE 

DIL — POL, CG — COL — COB 

1 0 0 1 X Complement WRITE 

DIL — - POL, CIL- COL— COB 

2 0 1 0 X Diagnostic WRITE, DLE inhibited 

DQ8-DQ15 © CG — SOL— SOB 

DQ8-DQ15— CIL— COL- COB 

3 0 1 1 X Complement data-only WRITE 

DIL— DOL, 

(CGO, 1, 4, 5, CG2, CG3)— COL— COB 

4 1 _ 0 0 X Normal READ 

DIL © DE— DOL, CIL— COL 

5 1 0 1 X Complement READ 

DIL© DE- DOL, CIL- COL 

6A 1 10 0 READ generated syndromes, check bit 

bus, error flags, SG0-SG6-DQ0-DQ6, 
CIL0-C1L6— DQ8-DQ14, E1-DQ7, 

E0-DQ15 

6B 1 10 1 READ syndrome bus, check bit bus, error 

flags, SIL0-SIL6— DQ0-DQ6, 

CIL0-CIL6 - DQ8-DQ14, El - DQ7, 

E0 - DQ15 

7 A 1 110 Generated syndromes replace with zero 

0— SIL-SG, CIL-COL, 

DIL © DE— DOL 

7B 1 11 1 Generated syndromes replace 

| ,| SIL- SG, CIL- COL, DIL © DE- DOL 

TABLE IV. DATA-IN TO CHECK BIT GENERATE, OR DATA BIT ERROR TO SYNDROME-GENERATE 
MATRIX (16-BIT CONFIGURATION) 


0 1 2 3 4 5 

GENERATE CHECK BITS - 


1111 
2 3 4 5 


GENERATED 

SYNDROMES 


0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

2 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

2* 

3 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

3* 

4 

1 

1 

0 

0 

o . 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

4 

5 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

1 

0 

5 


4 

8 

9 

7 

5 

1 

3 

9 

E 

B 

D 

3 

c 

7 

F 

F 

0 


3 

V 

3 

2 

0 

2 

3 

2 

1 

3 

0 

0 

1 

2 

3 

2 

1 

1 


GENERATED 

CHECK 

BITS 


' C2, C3 generate odd parity 


HEXADECIMAL EQUIVALENT 
OF SYNDROME BITS 
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MODES OF OPERATION 

There are three mode-control pins, M2, Ml and MO, offer- 
ing 8 major modes of operation, according to Table III. 

M2 is the READ/WRITE control. In normal operation, mode 
0 is Normal WRITE and mode 4 is Normal READ. By clamp- 
ing MO and Ml low, and setting M2 low during WRITE and 
high during READ, the DP8400 is very easy to use for nor- 
mal operation. The other modes will be covered in later 
sections. 

16-Bit Configuration 

The first two rows on top of the check bit generate matrix 
(Table IV) indicate the data position of DQO to DQ15. The 
left side of the matrix, listed 0 to 5, corresponds to syn- 
dromes SO to S5. SO is the least significant syndrome bit. 
There are two rows of hexadecimal numbers below the 
matrix. They are the hex equivalent of the syndrome pat- 
terns. For example, syndrome pattern in the first column 
of the matrix is 001011. Its least significant four bits (0010) 
equal hexadecimal 4, and the remaining two bits (1 1) equal 
hexadecimal 3. 

Check bit generation is done by selecting different com- 
binations of data bits and generating parities from them. 
Each row of the check bit generate matrix corresponds to 
the generation of a check bit numbered on the right hand 
side of the matrix, and the ones in that row indicate the 
selection of data bits. 

The following are the check bit generate equations for 
16-bit wide data words: 

CG0 = DQ2 ® DQ3 © DQ4 ® DQ5 © DQ6 © DQ7 © DQ9 © 
DQ10 © DQ11 © DQ13 © DQ14 © DQ15 
CGI = DQ3 © DQ6 © DQ8 © DQ9 ©DQ11 « DQ13 © 
DQ14 © DQ15 

*CG2 = DQO © DQ3 © DQ4 © DQ8 © DQ10 © DQ12 © 
DQ13 © DQ14 © DQ15 © 1 

*CG3 = DQ1 © DQ2 © DQ7 © DQ8 © DQ9 © DQ10 © DQ12 
© DQ14 © DQ15 © 1 

CG4 = DQO © DQ1 © DQ5 © DQ7 © DQ8 © DQ11 © DQ13 
© DQ15 

CG5 = DQO © DQ1 © DQ2 © DQ4 © DQ5 © DQ6 © DQ8 © 
DQ12 © DQ13 © DQ14 
*CG2 and CG3 are odd parities. 

The following error map (Table V) depicts the relationship 
between all possible error conditions and their associated 
syndrome patterns. For example, if a syndrome pattern is 
SO — 5 = 111101, data bit 14 is in error. 

Figure 4 shows how to connect one DP8400 in a 16-bit con- 
figuration, in order to detect and correct single or double- 


bit errors. For a Normal WRITE, processor data is 
presented to the DP8400, where it is fed through DIL0 and 
DILI to the check bit generator. This generates 6 parity bits 
from different combinations of data bits, according to 
Table IV. The numbers in the row below the table are the 
hexadecimal equivalent of the column bits (with bits 6, 7 
low). A ‘1’ in any row indicates that the data bit in that col- 
umn is connected to the parity generator for that row. For 
example, check bit 1 generates parity from data bits 3, 6, 8, 
9, 11, 13, 14, and 15. 

Check bits 0, 1, 4, 5, and 6 generate even parity, and check 
bits 2 and 3 generate odd parity. This is done to insure that 
a total memory failure is detected. If all check bits were 
even parity, then all zeros in the data word would generate 
all check bits zero and a total memory failure would not be 
detected when a memory READ was performed. Now all- 
zero-data bits produce C2 and C3 high and a total memory 
failure will be detected. When reading back from the same 
location, the memory data bits (possibly in error) are fed to 
the same check bit generator, where they are compared to 
the memory check bits (also possibly in error) using 6 
exclusive-OR gates. The outputs of the XORs are the syn- 
drome bits, and these can be determined according to 
Table IV for one data bit error. For example, an error in bit 2 
will produce the syndrome word 101001 (for S5 to SO 
respectively). The syndrome word is decoded by the error 
encoder to the error flags, and the data-error decoder to 
correct a single data bit error. Assuming the memory data 
has been latched in the DIL, by making DLE go low, 
mem ory data can be disabled. Then by setting OBO and 
OBI low, corrected data will appear on the data bus. The 
synd romes are available as outputs on pins SO-5 when 
OES i s low . It is also possible to feed in syndromes to SIL 
when OES is high and CSLE goes high. This can be useful 
when using the Error Management Unit shown in Figure 4. 
C6 and S6 are not used for 16 bits. It is safe therefore to 
make C6 appear low, through a 2.7 kfi resistor to ground. 
The same app lies for S6 if syndromes are input to the 
DP8400. If OES is permanently low, S6 may be left open. 

Any 16-bit memory correct system using th e DP 8400 
without syndrome inputs must keep the OES pin 
grounded, then all the syndrome I/O pins may be left 
open. The reason for this is that the DP840 0 res ets the 
syndrome input latch at power up. If the OES pin is 
grounded, the syndrome input latch will remain reset for 
normal operations. 

The parameter t NMR (see Figure 10b), new mode recog- 
nized time, is measured from M2 (changing from READ 
to WRITE) to the valid che ck bits appearing on the check 
bit bus, provided the OLE was held low. 


TABLE V. SYNDROME DECODE TO BIT IN ERROR FOR 16-BIT DATA WORD 


SO 

Syndrome SI 
Bits S2 

S3 

S5 S4 

0 101010101010101 
0011001100110011 
00001 1 1 1 00001 1 1 1 
0000000011111111 

0 0 
0 1 
1 0 
1 1 

NE 

ESI 

El 

D 


o 

D 

D 

IS! 

o 

B 

D 

o 

rm 

B 

D 

mi 

o 

O 

KD 

D 

T 

D 

ra 

o 

7 

T 

D 

T 

□ 

B 

BK 

C5 

o 

Q 

D 

o 

B 

■a 

o 

o 

B 

B 

D 

b 

B 

B 

rai 

D 

m 

T 

» 

o 

El 

D 

m 

1 

B 

D 

B 

a 

D 

B 

Bl 


N E = no error Cn = check bit n In error T = three errors detected 

Number= single data bit In error D = two bits In error 
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(IF REQUIRED) L 
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DP8400 
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S6* 





CO-5 
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C6 

AE 

El 

E0 

M2 

Ml 

MO 


k Necessary when inputting 
syndromes, otherwise leave open. 
^Refer to discussion in "Other Modes of 
Operation" under Clearing SIL. 

' * 20 ns max tpdl, 0 


"1 R = 2.7 kfl 

( 1 Necessary only when incorporating 

I L-J | double complement correct. Otherwise 
1 — 1- connect C6 to GND through R. 

J_ 74LS32 J 


FIGURE 4. 16-Bit Configuration Using One DP8400 
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SO-6 
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CO-6 

AE 
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EO M2 

Ml 

MO 


ERROR MANAGEMENT UNIT 
(IF REQUIRED) 


t Refer to discussion in “Other Modes of 
Operation” under Clearing SIL. 

* Connection sequence must be done 
according to Table VIII. 


FIGURE 5. 32-Bit Error Detection and Correction 
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The parameter t MCR (see Figure 10b), mode change rec- 
ognized time, is measured from M2 (changing from 
WRITE to READ) when both El and E2 become invalid. 
This is required when a memory correcting system 
employs the DP8400 with byte parity checking. The El 
and E2 pins flag the byte parity error in a memory WRITE 
cycle. When the DP8400 switches to a subsequent mem- 
ory READ cycle, it requires t MCR for El and E2 to be 
switched to flag any READ error(s). 

EXPANDED OPERATION 
32-Bit Configuration 

Figure 5 shows how to connect two DP8400s in cascade to 
detect single and double^bit errors, and to correct single- 
data errors. The same circuit will also correct double-bit 
errors once a double-error has been detected, provided at 
least one error is a hard error. The lower chip L is in effect a 
slave to the higher chip H, which controls the memory 
check bits and error reporting. The check bit bus of L is re- 
ordered and connected to the syndrome bus of H, as 
shown in Figure 5. 

In a Normal WRITE mode, referring to Figures 13a, 13b, and 
13c, the 6 check bits generated from the lower 16 bit s(CG L) 
are transferred via the COLto the COB of L, provided OLE is 
high and M2 (R/W) of L is low. These partial check bits from 
L then appear at SIL of H, so that with CSLE high, they com- 
bine with the 6 check bits generated in H with an overlap of 
one bit, to produce 7 check bits. With M2 (R/W) of H low, 
these 7 check bits are output from COB to memory. 

A READ cycle may consist of DETECT ONLY or DETECT 
THEN CORRECT, depending on the system approach. In 
both approaches, L writes its partial check bits, CGL, to H 
as in WRITE mode. H develops the syndrome bits from 
CGL, CGH and the 7 check bits read from memory in CIL. H 
then outputs from its error encoder (EE) if there is an error. If 
corrected data is required, H already knows if it has a 
single-data error from its syndrome bits, but if not, it must 
transfer partial syndromes back to L. These partial syn- 
dromes PSH, (CGH XOR-ed with CIL), are stored in SOL of 
H. L must therefore change modes from WRITE to READ, 
whil e H o utputs the partial syndromes from its SOB by set- 
ting OES low. The partial syndromes are fed into CIL of L 
and XOR-ed with CGL to produce syndrome bits at SGL. 
The data error decoder, DED, then corrects the error in L. 
The DED of H will already have corrected an error in the 
higher 16 bits. Only one error in 32 bits can be corrected as a 
single-data error, the chip with no error does not change the 
contents of its DIL when it is enabled in DOL. Table VI 
shows the 3 error flags of H, which become valid during the 
DETECT cycle. EO of Lbecomes valid during the CORRECT 
cycle, so that the 4 flags provide complete error reporting. 


TABLE VI. ERROR FLAGS AFTER NORMAL READ 
(32-BIT CONFIGURATION) 


AE(H) 

El (H) 

E0(H) 

E0(L)* 

Error Type 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

Single-check bit error 

1 

1 

1 

0 

Single-data bit error (H) 

1 

1 

0 

1 

Single-data bit error (L) 

1 

0 

0 

0 

Double-bit error 

All Others 

Invalid conditions 


* EO (L) is valid after transfer of partial syndromes from higher to lower 


Equations for 32-bit expansion: 

tDCB32 = tDCB16 + *SCB16 
*DEV32 = l DCB16 + *SEV16 
tDCD32 (High Chip) = tocB16 + *SCD16 
*DCD32 (LOW Chip) = tDCB16+^BR* + *CCD16 
*t BR : Bus reversing time (25 ns) 

32-Bit Matrix 

Table VII shows a 32-bit matrix using two DP8400S in cas- 
cade as in Figure 5. This is one of 12 matrices that work for 
32 bits. The matrix for bits 0 to 15 (lower chip) is the matrix 
of Table IV for 16-bit configuration, with row 6 always ‘O’. 
The matrix for bits 16 to 31 (higher chip) uses the same row 
combinations but interchanged, for example, the 3rd row 
(row 2) of L matrix is the same as the 6th row (row 5) of the 
H matrix. This means row 5 of H is in fact check bit 2 of H. 
Thus, the 6th row (row 5) combines generated check bit 5 
(CG5) of L and generated check bit 2 of H. Check bit 5 of L 
therefore connects to the syndrome bit 2 (CG2) of H, and 
the composite generated check bit is written to check bit 2 
of memory. Thus C2 performs a parity check on bits 0, 1, 2, 
4, 5, 6, 8, 12, 13, 14, of L, and bits 16, 19, 20, 24, 26, 28, 29, 30, 
31, of H. CG2 and CG3 generate odd parity, so that CG5 of 
L generates even parity which combines with CG2 of H 
generating odd parity. CG3 of L and CG3 of H both 
generate odd parity causing C3 to memory to represent 
even parity. Only 6 check bits are generated in each chip, 
the 7th (CG6) is always zero with XP grounded. Thus CG6 
of L combines with CGO of H so that CO to memory is the 
parity of bits 18, 19, 20, 21, 22, 23, 25, 26, 27, 29, 30, 31. 
Similarly C6 to memory is only CG2 of L. The 7 composite 
generated check bits of H can now be written to memory. 

When reading data and check bits from memory, CG6- 
CG0 of L are combined with CG6-CG0 of H in the same 
combination as WRITE. Memory check bits are fed into 
C6-C0 of H and compared with the 7 combined parity bits 


SYNDROMES 


TABLE VII. DATA BIT ERROR TO SYNDROME-GENERATE MATRIX (32-BIT CONFIGURATION) 
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T 
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3 

9 

E 

B 

D 

3 

~c 

7 

F 

F 

2 

A 

A 

1 

2 

2 

3 

8 

B 

9 

8 

1 

A 

3 

B 

9 

0 

HEX 


3 

3 

2 

0 

2 

3 

2 

1 

3 

0 

0 

1 

2 

3 

2 

1 

3 

1 

4 

6 

6 

5 

4 

5 

3 

4 

6 

5 

2 

7 

6 

7 

1 




* CG2, CG3 generate odd parity 
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TABLE VIII. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 32 BITS 



SO 


SI 

Syndrome I/O 

S2 

to 

S3 

Management 

S4 


S5 


S6 



TABLE IX. SYNDROME DECODE TO BIT IN ERROR FOR 32-BIT DATA WORD 


Syndrome 

Bits 

50 

51 

52 

53 

S6 

S5 

S4 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 


0 10 10 10 
0 0 1 1 0 0 1 
0 0 0 0 1 1 1 
0 0 0 0 0 0 0 


0 10 10 1 
110 0 11 
0 0 1111 
111111 



^□□QQnanDQKaBDDDi 


NE = no error Cn = check bit n in error T = three errors detected 

Number = single data bit in error D = two bits in error 


in H, to produce 7 syndrome bits S6-S0. H can now deter- 
mine if there is any error, and if it has a single-data error, it 
can locate it and correct it without transferring partial syn- 
dromes to L. As an example of a DETECT cycle, CG5 of L 
combines with CG2 of H and is compared in H with mem- 
ory check bit 2. 

If L is now set to mode 4, Normal READ, and OES of H is 
set low, the partial syndromes of H (CG6-CG0 of H XOR-ed 
with C6-C0 of H) are transferred and shifted to L. L 
receives these partial syndromes (S6-S0 of H) as check bit 
inputs C2, Cl, C4, C3, C5, CO, C6 respectively, and com- 
pares them with CG6-CG0 respectively, to produce syn- 
drome bits S6-S0. L now decodes these syndromes to cor- 
rect any single-data error in data bits 0 to 15. For example, 
partial syndrome bit 2 of H combines with generated 
check bit 5 of L to produce syndrome bit 5 in L. An error in 
data bit 10 will create syndrome bits in L as 0001 101 from 
S6-S0, and these will appear on S6-S0 of L with OES low. 
An error in H will appear as per the H matrix. For example, 
an error in bit 16 will cause S6-S0 of L to be 0110010. 

If OES of L is set low, this syndrome combination appears 
on pins S6 to SO. For errors in bits 0 to 15, the syndrome 
outputs will be according to Table VII. For errors in bits 16 
to 31, the syndrome outputs from L will still be according 
to Table VII due to the shifting of partial syndrome bits 
from H to L. The syndrome outputs from L are unique for 
each of the possible 32 bits in error. 

If there is a check bit error, only one syndrome bit will be 
high. For example, if C5 is in error, then SI of L will be high. 
For double-errors, an even number of syndrome bits will be 
high, derived from XOR-ing the two single-bit error syn- 
dromes. As mentioned previously, this is only one of the 12 
approaches to connecting two chips for 32 bits, 6 of which 
are mirror images. 


Table VIII depicts the exact connection for 32-bit expan- 
sion. LS equals syndrome bits of L. LC equals check bits of 
L. HS equals syndrome bits of H. HC equals check bits of 
H. Syndrome bits SO to S6 of L are connected to system 
syndrome bits SO to S6. LC and HS columns are lined 
together showing the check bit port of L connected to the 
syndrome port of H in the exact sequence as shown in 
Table VIII. For example, check bit CO of L is connected to 
the syndrome bit SI of H, and check bit C6 of L is con- 
nected to the syndrome bit SO of H. Check bits of H are 
connected to the system check bits in the order shown. 
Check bit Cl of H is connected to the system check bit CO. 

Expansion for Data Words Requiring 8 Check Bits 

For 16-bit and 32-bit configurations, XP is set permanently 
low. In 48-bit or 64-bit configurations, XP is either set per- 
manently to V cc or left open, according to Table X, to pro- 
vide 8 check bits and syndrome bits. 

TABLE X. XP: EXPANSION STATUS 


XP 

Status 

Data Bus 

ov 

BP0 and BP1 are byte parity I/O 
CG6 = 0 

<40 Bits 

Open 

No byte parity I/O, 

CG6 and CG7 = word parity 

>40 Bits 

v cc 

No byte parity I/O, 
CG6 and CG7 = 0 

>40 Bits 


48-Bit Expansion 

Three DP8400S are required for 48 bits, with the higher 
chip using all 8 of its check bits to the memory. No byte 
parity is available for 48 or 64 bits. XP of all three chips 
must be at V cc . The three chips are connected in cascade 
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TABLE XI. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 48 BITS 



E3 

1 

B 

i 

1 

S 

B 

■ 

i 


Syndrome I/O 
to 

Management 

50 

51 

52 

53 

54 

55 

56 

57 

0 

1 

2 

3 

4 

5 

6 
7 
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1 

2 

3 

4 

5 

6 
7 

1 

5 

6 

3 

4 
2 
0 
7 


1 

5 

6 

3 

4 
2 
0 
7 

6 

1 

4 
7 
2 
3 

5 
0 

1 

6 

1 

4 
7 
2 
3 

5 
0 

CO 

Cl 

C2 

C3 

C4 

C5 

C6 

C7 

Check Bit I/O 
to 

Memory 


For example: SO of LL is connected to system syndrome SO. CO of LL is connected to SI of 
LH. Cl of LH is connected to S6 of HL. C6 of HL is connected to system check bit CO. 


TABLE XII. SYNDROME DECODE TO BIT IN ERROR FOR 48-BIT DATA WORD 
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NE = no error Cn = check bit n in error 

Number = single data bit in error D = two bits in error 

as in Figure 6, but with the HH chip removed. The error 
flags are as Table XV, but with AE (HH) and El (HH) be- 
coming AE (HL) and El (HL), and EO (HH) removed. 

48-Bit Matrix 

The matrix for 48 bits is that for64 bits shown (in Table XVI) 
but only using bits 0 to 47. This is one of many matrices for 
48-bit expansion using the basic 16-bit matrix. The matrix 
shown uses 2 zeroes for CG6 and CG7, for all three chips, 
with XP set to V cc . Other matrices may use CG6 and CG7 
as word parity with XP open. 

64-Bit Expansion 

There are two basic methods of expansion to 64 bits, both 
requiring 8 check bits to memory, and four DP8400s. One 
is the cascade method of Figure 6, requiring no extra 
ICs. With this method partial check bits have to be 
transferred through three chips in the WRITE or DETECT 
mode, and partial syndrome bits transferred back through 
three chips in CORRECT mode. This method is similar to 
Figure 5, 32-bit approach. The connections between the 


T = three errors detected 


check bit bus and syndrome bus for each of the chip pairs 
are shown in Table XIII. 

The error flags of HH are valid during the DETECT cycle as 
in Table XV, and the other error flags are valid during the 
CORRECT cycle. 

A faster method of 64-bit expansion shown in Figure 7 re- 
quires a few extra ICs, but can WRITE in 57 ns, DETECT in 
57ns or DETECT THEN CORRECT in 116ns. In the WRITE 
mode, all four sets of check bits are combined externally 
in the 8 74S280 parity generators. These generate 8 com- 
posite check bits from the system data, which are then 
enabled to memory. In the DETECT mode, again 8 com- 
posite check bits are generated, from the memory data 
this time, and compared with the memory check bits to 
produce 8 external syndrome bits. These syndrome bits 
may be OR-ed to deter mine if there is any error. By making 
the 74S280 outputs SYNDROMES, then any bit low 
causes the 74S30 NAND gate to go high, giving any error 
indication. To correct the error, these syndrome bits are 
fed re-ordered into SIL of each DP8400 now set to mode 
7B. This enables the syndromes directly to SG and then 
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DED of each chip. One chip will output corrected data, 
while the other three output non-modified data (but still 
correct). 

Equations for fast 64-bit expansion: 

t D CB64 = *DCB16 + l Pd ( 74S280 ) + tpd (74S240) 

*DEV64 = ^DCB16 + *pd (74S280) + t pd (74S30) 
t D CD64 = tocBie + tpd (74S280) + t pd (74ALS533) 

+ tsCD16 


64-Bit Matrix 

With the 64-bit matrix shown in Table XVI, it is necessary 
to set at least one chip with CG6, CG7 non-zero. The 
highest chip, connected to data bits 48 to 63, has XP set 
open, so that its CG6 and CG7 are word parity. The syn- 
drome word of the highest chip will now have either 5 or 7 
syndrome bits high, but inside the chip CG6 and CG7 
remove two of these in a READ so that the chip sees the 
normal 3 or 5 syndrome bits. 


TABLE XIII. CHECK BIT PORT TO SYNDROME PORT 
INTERCONNECTIONS FOR EXPANSION TO 64 BITS 


LL LH 
C S 


LH HL 
C S 


HL HH 
C S 


Syndrome I/O 
to 

Management 


For example: SO of LL is connected to system syndrome SO. CO of LL is connected to SI of LH. Cl of LH is 
connected to S6 of HL C6 of HL is connected to S7 of HH. C7 of HH is connected to system check bit CO. 

TABLE XIV. SYNDROME DECODE TO BIT IN ERROR FOR 64-BIT DATA WORD 


CO 


Cl 


C2 

C3 

C4 

C5 

Check Bit I/O 

to 

Memory 

C6 


C7 



SO 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

Syndrome SI 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

Bits S2 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

S3 

S7 S6 S5 S4 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

T 

0 

1 [ 

0 

1 

1 

1 

1 

1 

1 

r r 

1 

1 

1 

1 

1 

1 

t r 

1 


0 0 0 0 

0 0 0 1 

0 0 10 

0 0 11 

-0100 
0 10 1 

0 110 
0 111 
10 0 0 

10 0 1 

10 10 
10 11 
110 0 
110 1 
1110 
1111 


NE = no error 


Cn = check bit n in error 


T = three errors detected 


Number = single data bit in error D = two bits In error 


TABLE XV. ERROR FLAGS AFTER NORMAL READ (ANY 64-BIT CONFIGURATION) 


AE (HH) 

El (HH) 

E0 (HH) 

E0 (HL) 

EO (LH) 

E0 (LL) 

Error Type 

0 

0 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

0 

0 

Single-check bit error 

1 

1 

1 

0 

0 

0 

Single-data bit error in HH 

1 

1 

0 

1 

0 

0 

Single-data bit error in HL 

1 

1 

0 

0 

1 

0 

Single-data bit error in LH 

1 

1 

0 

0 

0 

1 

Single-data bit error in LL 

1 

0 

0 

0 

0 

0 

Double-error 
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FIGURE 6. Cascade Expansion Using No Extra ICs (64-Bit Configuration) 


TABLE XVI. DATA BIT ERROR TO SYNDROME-GENERATE MATRIX (64-BIT CONFIGURATION) 
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OTHER MODES OF OPERATION 


Double Error Correction, using the Double-Complement 
Approach 

The DP8400 can be made to correct two errors, using no 
extra ICs or check bits, if at least one of the two errors 
detected is a hard error. This does require an extra memory 
WRITE and READ. Nevertheless, if a permanent failure ex- 
ists, and an additional error occurs (creating two errors), 
both errors can be corrected, thereby saving a system 
crash. 

Once a double error has been detected, the system puts 
the DP8400 in COMPLEMENT mode by setting MO high. 
First a WRITE cycle is required and M2 is set low, putting 
the chip in mode 1, Table III, (COMPLEMENT WRITE), so 
that the contents of DIL are complemented into POL , and 
the contents of CIL complemented into COL. OBO and 
OBI are set low so that complemented data and check 
bits can be written back to the same location of memory. 
Writing back complemented data to a location with a hard 


error forces the error to repeat itself. For example, if cell N 
of a particular location is jammed permanently high, and 
a low is written to it, a high will be read. However, when the 
data is complemented a low is again written, so that a high 
is read back for the second time. After a second 
READ (this second READ is a COMPLEMENT READ) of the 
location, data and check bits from the memory are re- 
complemented, so that bit N now contains a low. In other 
words, the error in bit N has corrected itself, while the 
other bits are true again. If there are two hard errors in a 
location, both are automatically corrected and the DP8400 
detects no error on COMPLEMENT READ, as in Figure 8a. 
Figure 8b also shows that if one error is soft, the hard error 
will disappear on the second READ and the DP8400 cor- 
rects the soft error as a single-error. Therefore, in both 
cases, th e PO L c ontai ns corrected data, ready to be en- 
abled by OBO and OBI. A WRITE to memory at this stage 
removes the complemented data written at the start of the 
sequence. 
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HARD ERROR 

ORIGINAL DATA/CBs 
WRITTEN TO MEMORY 


DATA/CBs READ 
FROM MEMORY 


1 


0 10 1 


HARO SOFT 
ERROR ERROR 

1 1 0 0 1 1 - 


j 2 ERRORS 


COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
WRITE BACK TO SAME 
LOCATION IN MEMORY 


READ BACK FROM 
SAME LOCATION 

COMPLEMENT DATA/CBs 
IN DP8400 INPUT LATCHES, 
AND COMPARE CBs 


0 110 


SAME HARD 
ERROR 

[ 1 1 1 0 f 


0 0 0 1 


GENERATED CBs 



MEMORY CBs 


NO CHECK 
BIT ERRORS 



DETECTED 


.--I- 


NO CHECK BIT 
ERRORS 



DIFFERENT CHECK BITS, 
SINGLE ERROR DETECTED 

0 10 0| DATA ERROR WORD 


0 10 1 


CORRECT SINGLE ERROR 
USING NORMAL DP8400 
PROCEDURE OF XOR-ING 
Dl WITH DE 


FIGURE 8b. Double Error Correct Complement Hard Error Method — 1 Hard Error, 1 Soft Error In Data Bits 


The examples shown in Figures 8a and 8b are for 4 data 
bits. This approach will work for any number of data bits, 
but for simplicity these examples show how complement- 
ing twice corrects two errors in the data bits. The double 
COMPLEMENT approach also works for any two errors 
providing at least one is hard. In other words, onedata-bit 
error and one check bit error, or two check bit errors are 
also corrected if one or both are hard. At the end of the 
COMPLEMENT READ cycle, the error flags indicate wheth- 
er the data was correctable or not, as shown in Table XVII. 
If both the errors were soft, then the data was not correct- 
able and the error flags indicate this. 

This approach is ideal where double errors are rare but 
may occur. To avoid a system crash, a double-error detect 
now causes the system to enter a subroutine to set the 
DP8400 in COMPLEMENT mode. This method is also use- 
ful in bulk-memory applications, where RAMs are used 
with known cell failures, and is applicable in 16, 32, 48 or 
64-bit configurations. In the 16-bit configuration, modes 1 


and 5 of Table III are used. In the 32-bit expanded con- 
figuration, modes 1, 5 and 5 are used for the highest chip, 
and modes 3, 3 and 4 for the lower chip for WRITE, 
DETECT, and CORRECT. With the lower chip it is 
necessary to wraparound DOL (after latching its contents 
in mode 3), back to DIL and perform a Normal READ in 
mode 4 in the lower chip. 


TABLE XVII. ERROR FLAGS AFTER COMPLEMENT 
READ (MODE 5) 


AE 

El 

EO 

Error Type 

0 

0 

0 

Two hard errors 

1 

1 

0 

One hard error, one soft check bit error 

1 

1 

1 

One hard error, one soft data bit error 

1 

0 

0 

Two soft errors, not corrected 
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Double-Error Correct with Error Logging 

Figures 4 and 5 show the E 2 C 2 syndrome port connected 
to an error management unit (EMU). This scheme stores 
syndromes and the address of locations that fail, thereby 
logging the errors. Subsequent errors in a memory loca- 
tion that has already stored syndromes in the EMU, can 
then be removed by injecting the stored syndromes of the 
first error. To save the addresses and syndromes when 
power to the EMU is removed, it is necessary to be able to 
transfer information via the E 2 C 2 syndrome port to the 
processor data bus. This is also useful for logging the er- 
rors in the processor. Transfer in the opposite direction is 
also necessary. 

Data Bus to Syndrome Bus Transfer 

This is necessary when transferring syndrome informa- 
tion to the error management unit, which is connected to 
the external syndrome bus. First, data to make CG = 0 (all 
data bits high) must be latched in DIL. Then in mode 2, 
data is fed to CIL, XOR-ed with 0, and output via SOL with 
OES low to the syndrome bus. Data is therefore fed direct- 
ly from the system to the syndrome bus, and this cycle 
may be repeated as long as DLE is kept low, forcing CG to 
remain zero. 


Syndrome Bus to Data Bus Transfer 

This is important when information in the error logger or 
error manageme nt uni t has to be rea d. Th e DP8 400 i s set 
to mode 6B with OES high, and with OBO, OBI and OLE 
low. If CSLE is high, the syndrome bus and check bit bus 
data appear on the lower and upper bytes of the data bus 
to be read by the system. Also El and E0 values that were 
valid when mode 6 was entered, appear on DQ7 and DQ15. 


Full Diagnostic Check of Memory 

Using mode 2, it is possible to transfer the upper byte of 
the data bus directly to the CIL, with CSLE high, without 
affecting DIL. These si mulat ed check bits then appear on 
the check bit bus with OLE low, which also causes the 
previousl y lat che d con tents of DIL to transfer to DOL. By 
enabling OBO and OBI data can be written to memory with 
the simulated check bits. A Normal READ cycle can then 
aid the system in determining that the memory bits are 
functioning correctly, since the processor knows the 
check bits and data it sent to the E 2 C 2 . Another solution is 
to put the E 2 C 2 in mode 6 and read the memory check bits 
directly back to the processor. 

Self-Test of the E 2 C 2 On-Card 

Again using mode 2, data written from the processor data 
bus upper byte to CIL may be stored in CIL, by taking CSLE 
low. Data can now be fed into DIL from the processor, with 
DLE set high, as in a Normal READ mode (mode 4). Pro- 
viding CSLE is kept low, the DP8400 will use the simulated 
check bits in CIL to perform a diagnostic READ, with valid 
error reporting and correcting. This may be repeated with 
new data provided CSLE is kept low. In this way memory is 
not used, thus by reading corrected data in mode 4, and by 
reading the generated syndromes, and error flags E0 and 
El, the DP8400 can be tested completely on-card without 
involving memory. 


Monitoring Generated Syndromes 
and Memory Check Bits 

Mode 6A enables SG0-SG6 ont o DQ0-DQ 6, a nd C IL0- 
CIL6 onto DQ8-DQ14, provided OLE, OBO and OBI are 
low. Also the two error flags, El and E0 (latched from the 
previous READ mode), appear on DQ7 and DQ15. This may 
be used for checking the internal syndromes, for reading 
the memory check bits, or for diagnostics by checking the 
latched error flags. 

Clearing SIL 

In the 16-bit only configuration, or the lower chip of ex- 
panded configurations, and in various modes of operation 
in the higher expanded chips, it is required that SIL be 
maintained at zero. At powe r-up initialization, both SIL 
and DIL are reset to all low. If OES is kept low, SIL will re- 
main reset becau se C SLE is inhibited to SIL. Another 
method is to keep OLE always high and the syndrome bus 
externally set low, or set low whenever CSLE can be used 
to clear SIL. 

Mode 7 A also forces the SIL to be cleared whenever CSLE 
occurs, and also these zero syndromes go to the internal 
syndrome bus SG. This puts the DP8400 in a PASS- 
THROUGH mode where the D IL contents pass to DOL and 
CIL contents to COL, if OLE is low. 

Power-Up Initialization of Memory 

Both SIL and DIL are reset low at power-up initialization. 
This facilitates writing all zeroes to the memory data bits 
to set up the memory. The check bits corresponding to all- 
zero data will app ear o n the check bit bus if the DP8400 is 
set to mode 0 and O LE is set l ow. A ll-zero data appears on 
the data bus when OBO and OBI are also set low. The 
system can now write zero-data and corresponding check 
bits to every memory location. 

Byte Writing 

Figure 14a shows the block diagram of a 16-bit memory 
correction system consisting of a DP8400 error correc- 
tion chip and a DP8409 DRAM controller chip. There are 
12 control signals associated with the interface. Six of 
the signals are standard DP8400 input signals, three are 
standard DP8409 input signals, and three are bu ffer 
control signals. The buffer control signals, PBUFO and 
PBUF1, control when data words or bytes from the 
DP8400/memory data bus are gated to the processor 
bus and when data words or bytes from the processor 
are gated to the bP8400/memory data bus. 

When the processor is reading or writing bytes to mem- 
ory, words will always be read or written by the DP8400 
and DP8409 error correction and DRAM controller sec- 
tion. The High Byte Enable and Address Data Bit Zero 
signals from the processor should contr ol the byte 
transfe rs via the ocal bus transceiver s ignals P BUFO and 
PBUF1. The buffer control signal, DOUTB, controls 
when data from memory is gated onto the DP8400/ 
memory data bus. 

Figure 14b shows the timing relationships of the 12 con- 
trol signals, along with the DP8400/me mory dat a bu s 
and some of the D RAM control signals (RAS and CAS). 
RGCK is the RAS generator clock of the DP8409 which 
is used in Mode 1 (Auto Refresh mode), along with being 
the system clock. 
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Having two separate byte enable pins, OBO and OBI, it 
is fairly easy to implement byte writing using the 
DP8400. First it is necessary to read from the location to 
which the byte is to be written. To do this the DP8400 is 
put in normal Read mode (Mod e 4), which will d etect a nd 
correct a single bit error. WIN is kept high and RASIN is 
pulled low, causing the DP8409, now in Mode 5 (Auto Ac- 
cess mode), to start a read memory cycle. The data word 
and check bits from memory are then enabled onto the 
DP8400/memory data bus by pulling DOUTB lo w. The 
da ta an d check bits are valid on the bus after the RASIN 
to CAS time (t RAC ) plus the column access time (t C Ac) of 
the particular memories used. DLE.CSLE can then be 
pulled low in order to latch the m emo ry data into the in- 
put latches of the DP8400. Next OLE can be pulled low 
to enable the corrected memory word, or the original 
memory word if no error was present, into the data out- 
put latches. The corrected memory word will be 
available at the data output latches “tocDie” after the 
memory word was available at the data input latches. 
Once t he c orrected data is available at the output 
latches OLE can be pulled high to latch the corrected 
data. After this DLE,CSLE can be pulled high in order to 
Enable the input data latches again and DOUTB can be 
pillled high to disable the memory data from the 
DPMOO/memory data bus. 

There is no reason to use the data or check bit input 
latches (DLE.CSLE) of the DP8400 during the read cycle 
time period if the memory data and checkbits are valid 
throughout the cycle. 

Now the DP8400 can be put into a write cycle (Mode 0 = 
M2 = Low). At this time the byte to be written to memory 
and the other byte from memor y can be ena bled onto 
the DP 8400/memory data bus (OBO, PBUF1 or OBI, 
PBUFO go low). DLE.CSLE can now transition low to 
latch the n ew memory word into the data input latch. 
Next OLE is pulled low to enable the output latches. 
When the new checkbits are valid, t DCB i 6 after the d ata 
word is valid on the DP8400/memory data bus, OLE and 
DLE can be pulled high to latch the n ew memory word 
into the output latches, and t hen WIN can be pulled low 
to write the data into memory. RASIN should be held low 
long enough to caus e the new data and check bits to be 
stored into memory (WIN data hold time). 


DLE.CSLE and OLE could transition high and low simul- 
taneously instead of being sequenced as was done in 
this example. 

Also a READ-MODIFY-WRITE cycle was performed, tak- 
ing approximately 30% longer than a normal memory 
WRITE cycle. A READ and then a WRITE memory cycle 
could have been used in the above example but it would 
have taken longer. 

Because data from the processor was valid at the same 
time as data from memory, memory buffers were used 
(PBUFO, PBUF1, DOUTB). 

A byte READ from memory is no different from a normal 
READ. This approach may be used for a 16-bit processor 
using byte writing, or an 8-bit processor using a 16-bit 
memory to reduce the memory percentage of check bits, 
or with memory word sizes greater than two bytes. 

Beyond Single-Error Correct 

With the advent of larger semiconductor memories, the 
frequency of the soft errors will increase. Also some 
memory system designers may prefer to buy less expen- 
sive memories with known cell, row or column failures, 
thus, more hard errors. All this means that double-error 
correct, triple-error detect capability, and beyond will 
become increasingly important. The DP8400 can correct 
two errors, provided one or both are hard errors, with no ex- 
tra components, using the double complement approach. 
There are two other approaches to enhance reliability and 
integrity. One is to use the error management unit to log er- 
rors using the syndrome bus, and then tooutput these syn : 
dromes, when required, back to the DP8400. 

Double Syndrome Decoding 

The other approach takes advantage of the Rotational 
Syndrome Word Generator matrix. This matrix is an 
improvement of the Modified Hamming-code, sothat if, on 
a second DP8400, the data bus is shifted or rotated by one 
bit, and 2 errors occur, the syndromes for this second chip 
will be different from the first for any 2 bits in error. Both 
chips together output a unique set of syndromes for any 2 
bits in error. This can be decoded to correct any 2-bit error. 
This is not possible with other Modified Hamming-code 
matrices. 
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Absolute Maximum Ratings (Note d 

Storage Temperature Range -65°Cto +150°C 

Supply Voltage, V C c 7V 

Input Voltage 5.5V 

Output Sink Current 50 mA 

Maximum Power Dissipation* at 25°C 
Molded Package 3269mW 

Lead Temperature (Soldering, 10 seconds) 300 °C 

• 'Derate molded package 26.2mW/'C above 25'C. 


Electrical Characteristics (Note 2) V CC = 5V ±5%, T a = 0°C to 70°C unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Threshold 




0.8 

V 

V| H 

Input High Threshold 


2.0 



mag 

V C 

Input Clamp Voltage 

V C c = Min, lc= -18 mA 


-0.8 

-1.5 

EH 

l|H 

Input High Current 

V,n = 2.7V 


1 

160 

A A 

Iih(XP) 

Input High Current 

V cc = Max, XP = 5.25V 


2.5 

3.6 

mA 

l|L (XP) 

Input Low Current 

V cc = Max, XP = 0V 


-2.5 

-3.6 

mA 

l| L (BP0/C7) 

Input Low Current 

V cc = Max, V, N = 0.5V 


-100.0 

-500 

m a 

l,L (BP1/S7) 

Input Low Current 

V cc = Max, V, n = 0.5V 



-500 

a a 

Iil(CSLE) 

Input Low Current 

V cc = Max, V, N = 0.5V 


booh 

-750 

A a 

Iil(DLE) 

Input Low Current 

V cc = Max, V, N = 0.5V 


-200.0 

-1000 

„A 

IlL 

Input Low Current 

V cc = Max, V IN = 0.5V 


-50.0 

-250 

/tA 

l| 

Input High Current (Max) 

V| N = 5.5V (Except XP Pin) 



1.0 

mA 

VOL 

Output Low Voltage 

l 0L = 8 mA (Except BP0, BP1) 


0.3 

1- 

V 



| ol = 4 mA (BP0, BP1 Only) 


0.3 


V 

V OH 

Output High Voltage 

Ioh = — 100 ^A 

mm 

3.2 


V 



Iqh = - 1 mA 

mSm 

3.0 


V 

am 

Output Short Current 
(Note 3) 

V C c = Max 


-55 

-100 

mA 

!cc 

Supply Current 

V C c = Max 


340 

410 

mA 

C,N (I/O) 

Input Capacitance All 
Bidirectional Pins 

Note 4 


8.0 


pF 

C|N 

Input Capacitance All 
Unidirectional Input Pins 

Note 4 


5.0 


pF 


Note 1: “Absolute Maximum Ratings" are the values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All typical values are for T A = 25*C and Vcc = 5.0V. 

Note 3: Only one output at a time should be shorted. 

Note 4: Input capacitance is guaranteed by periodic testing. F test = 10 kHz at 300 mV, T A = 25“C. 

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude 0V to 3V, t r — tf = 2.5 ns. 


Operating Conditions 

Min Max Unit 

Vcc, Supply Voltage 4.75 5.25 V 

T A , Ambient Temperature 0 70 °C 
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DP8400-4 Switching Characteristics (Note 5) 

V C c = 5 .0V±5%, T A = 0°C to 70°C, Cl = 50 pF, unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

IDCB16 

Data Input Valid to 
Check Bit Valid 

Figure 9b 


35 

55 

ns 

Idevi6 

Data Input to Any 
Error Valid 

Figures 10b, 11b 


35 

45 

ns 

IDCD16 

Data Input Valid to 
Corrected Data Valid 

Figure 10b, OBO, OBI Low 


70 

85 

ns 

tosi 

Data Input Set-Up Time 
Before DLE, CSLE H to L 

Figures 10b, 13d 


-40 

-10 

ns 

tom 

Data Input Hold Time 
After DLE, CSLE H to L 

Figures 10b, 13d 

16 

10 


ns 

Idso 

Data Input Set-Up Time 
Before OLE L to H 

Figure 10b 

20 

12 


ns 

Idho 

Data Input Hold Time 
After OLE L to H 

Figure 10b 

20 

12 


ns 

toEO 

EO Valid After AE Valid 

Figures 9b, 10b, 13d 


20 

30 

ns 

Idei 

El Valid After AE Valid 

Figures 9b, 10b, 13d 


12 

30 

ns 

t|EV 

DLE, CSLE High to Any 
Error Flag Valid (Input 
Data Previously Valid) 

Figure 10b 


60 

80 

ns 

t|EX 

DLE, CSLE High to Any 
Error Flag Invalid 

Figures 9b, 10b 


60 

77 - 

ns 

t|LE 

DLE, CSLE High Width to 
Guarantee Valid Data 
Latched 

Figures 10b, 13d 

DLE 

25 



ns 

CSLE 

50 



ns 

toLE 

OLE Low Width to 
Guarantee Valid Data 
Latched 

Figure 13d 

25 



ns 

tzH 

High Impedance to Logic 
1 from OBO, OBI, OES 

Figures 9b, 10b 


32 

50 

ns 

M2 H to L 

Figure 13d 


70 

85 

ns 

Ihz 

Logic 1 to High 
Impedance from OBO, 
OBI, OES, M2 L to H 

Figures 9b, 10b, 13d, 
C L = 15 pF 


■ 

40 

ns 

t Z L 

High Impedance to Logic 
0 from OBO, OBI, OES 

Figures 9b, 10b 


1 

45 

ns 

M2 H to L 

Figure 13d 


70 

85 

ns 

tLZ 

Logic 0 to High 
Impedance from OBO, 
OBI, OES, M2 H to L 

Figures 9b, 10b, 13d 
C L = 15 pF 


25 

40 

ns 

tpPE 

Byte Parity Input Valid 
to Parity Error Flags Valid 

Figure 9b 


40 

55 

ns 

*DPE 

Data In Valid to Parity 
Error Flags Valid 

Figures 9b, 13d 


60 

75 

ns 

*DBP 

Data in Valid to Byte 
Parity Output Valid 

Figure 9b 


36 

50 

ns 

*MCR 

Mode Change Recognize 
Time 

Figures 9b, 10b 


60 

100 

ns 



7-91 


DP8400 

















































































































































DP8400 


DP8400-4 Switching Characteristics (Continued) (Note 5) 

V C c = 5.0V±5%, T a = 0°C to 70°C, C L = 50 pF, unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Inmr 

New Mode Recognize 
Time 

Figure 10b 


60 

100 

ns 

teDV 

Mode Valid to 
Complement Data Valid 

Figure 11b 


55 

72 

ns 

tccv 

Mode Valid to 
Complement Check Bit 
Valid 

Figure 11b 


55 

72 

ns 

ISCB 

Syndrome Input Valid to 
Check Bit Valid 

Figure 13d 


28 

41 

ns 

l SEV 

Syndrome Input Valid 
(CGL) to Any Error Valid 

Figure 13d 


25 

39 

ns 

ISCD 

Syndrome Inputs Valid to 
Corrected Data Valid 

Figure 13d 


55 

75 

ns 

Idsb 

Data Input Valid to 
Syndrome Bus Valid 

Figure 13d, OES Low 


45 

58 

ns 

ICSB 

Check Bit Inputs Valid 
to Syndrome Bus Valid 

Figure 13d, OES Low 


40 

51 

ns 

l CEV 

Check Bit Inputs Valid 
(PSH) to Any Error Valid 

Figure 13d 


35 

45 

ns 

ICCD 

Check Bit Input Valid 
(PSH) to Corrected Data 
Valid 

Figure 13d 


70 

82 


*DCB32 

Data Input Valid to Check 
Bit Valid 

Figure 13d 


63 

96 

ns 

*DEV32 

Data Input Valid to Any 
Error Valid 

Figure 13d 


60 

94 

ns 

*DCD32 

Data Input Valid to 
Corrected Data Out 

Figure 13d, OBO, OBI Low 


125 

157 

ns 


Note 1: “Absolute Maximum Ratings” are the values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: All typical values are for T A = 25°C and Vqc = 5.0V. 

Note 3: Only one output at a time should be shorted. 

Note 4: Input capacitance is guaranteed by periodic testing. F test = 10 kHz at 300 mV, T A = 25°C. 

Note 5: All switching parameters measured from 1.5V of input to 1.5V of output. Input pulse amplitude 0V to3V, t r = tf = 2.5 ns. 
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FIGURE 9a. DP8400 16-Bit Configuration, Normal WRITE with Byte Parity Error Detect If Required 


NORMAL READ-MONITOR ONLY 



FIGURE 9b. DP8400 16-Bit Configuration, Normal WRITE and Normal READ Timing Diagram 
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FIGURE 10a. DP8400 16-Bit Configuration, Normal READ — Detect Error (And Correct if Required — ) 



Note 1: If rewriting correct data and CBs to same location and single data error was detected. 

Note 2: If rewriting correct data and CBs to same location and single check bit error was detected. 


FIGURE 10b. DP8400 16-Bit Configuration, DETECT THEN CORRECT Timing Diagram 
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FIGURE 11a. DP8400 16-Bit Configuration, COMPLEMENT WRITE 


/ 


TO REMOVE COMPL IN 

WRITE BACK 01, Cl READ DM. CM FRDM MEMORY, WRITE BACK 

PREVIOUS READ TO SAME LOCATION SAME LOCATION TRUE DO, CO CONTINUE 




Note 3: If rewriting corrected data and CBs back to same location and 1 soft data bit error was detected. 

Note 4: If rewriting corrected data and CBs back to same location and 2 hard errors or 1 soft check bit was detected. 


FIGURE 11b. DP8400 16-Bit Configuration, Detect 2 Errors, COMPLEMENT WRITE, COMPLEMENT READ, Output Corrected 
Data Timing Diagram 
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FIGURE 12a. DP8400 16-Bit Configuration, Diagnostic WRITE, READ. Data Bus to Check Bit Bus or Syndrome Bus (Providing 
Dl = HIGH in Previous Cycle to Set CG = All Zero For Transfer to S). 
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FIGURE 13b. DP8400 32-Bit Configi 
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FIGURE 13c. DP8400 32-Bit Configuration, READ Correct Data 



INPUTS WRITE DATA AND GEN° CBs 


READ-DETECT ERRORS 


CORRECT ERROR 



Note 5: If rewriting corrected data and CBs back to same location and single data error was detected. 

Note 6: If rewriting corrected data and CBs back to same location and single check bit error was detected. 

FIGURE 13d. DP8400 32-Bit Configuration, WRITE, DETECT and CORRECT Timing Diagram 
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FIGURE 14a. DP8400/8409 System Interface Block Diagram (See Figure 14b for Byte Write Control Timing) 
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Expanding the 
Versatility of the DP8400 


National Semiconductor 
Application Note AN-306 
June 1982 
Mike Evans 



Basic Operation of the DP8400 

Introducing error correction capabilities to a memory 
incurs some penalties— extra memory, additional ac- 
cess times, and extra control circuitry. The DP8400 has 
been designed to minimize the last two, and for some 
data word widths, less extra memory is required than for 
other error correction circuits. 

In systems using error correction, extra memory is 
needed for check bits, which are merely parity bits, each 
derived from different combinations of the data bits. If a 
single error does occur, the error correction circuit can 
determine which bit is in error and then complement that 
bit, to re-create the original data word. As the memory 
data word widens, the ratio of check bits to memory data 
bits is reduced. As a rough guide, starting with four data 
bits and four check bits, one additional check bit is 
required each time the data word doubles. 

A circuit diagram of how the DP8400 generates the 
check bits in a write cycle and corrects errors in a read 
cycle is shown in Figure la, which uses four data bits 
and four check bits. A 4-bit example is shown in Figure 
1b. In a write cycle, the data input latch, DIL, receives the 
system data and generates four parity bits or check bits, 
which pass through the check bit output latch, COL, and 
buffer, to be written to the selected memory location 
with the system data. This delays every write cycle, but 
fortunately the DP8400 takes only 30 ns extra to generate 
the (six) check bits. When this location is subsequently 
read, the four memory data bits pass through DIL to 
generate four new checks bits. The four memory check 
bits pass through the check bit input latch, CIL, and are 


fed into four Exclusive-OR gates with the four generated 
check bits. The outputs of these gates are called 
syndrome bits, and obviously, if there are no errors, the 
two sets of check bits will be the same and no syndrome 
bits will go high. If there is an error in the check bits, only 
the corresponding syndrome bit will go high; in this case 
the data bits are still correct. If one of the data bits is in 
error, three syndrome bits will go high (in the case of 
DP8400, three or five will go high), and the syndrome 
word is unique for any of the bits in error. The four AND- 
gates decode which bit is in error and complement it out 
of the second set of Exclusive-OR gates. The other three 
output bits remain the same as the input bits, so the 
corrected word is now available to the system. 


ERROR IN 
Dt if DATA BIT 2 


GENERATE SYNDROMES 


I 1 0 1 T j ERROR on 


I 0 1 0 1 I 


DE ^ SINGLE ERROR 

DETECTED IN 

0 10 0 DATA BIT 2 


Figure 1b. Example of Single Error Correction 


j) ^—►002 CORRECTED 

T 1 0ATA 

. TO D0L 

►DO, ANDD0B 

)L>* D0o J 



ERROR ENCODER I 

I 


r? MEMORY 
CHECK 
Cl BIT BUS 


Figure la. Error Correction 4-Bit Functional Diagram 
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DATA 

BIT 

CORRECTOR 
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GENERATOR 
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SYNDROME 
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Figure 2a. DP8400 Read From Memory Cycle 


MEMORY DATA BUS 


SET LOW TO ENABLE 
AFTER MEMORY DATA 
IS DISABLED 


16-BIT INTERNAL DATA BUS 



ERROR FLAGS 
VALID 


Figure 2a. DP8400 Write to Memory Cycle 
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In the case of the DP8400 with 16 data bits and 6 check 
bits, there are 16 AND-gates to decode the 6 syndrome 
bits to determine the data bit in error. Table 1 shows the 
DP8400 matrix, called a Nelson Code, which has some 
unique features concerned with double soft error correc- 
tion. For the purposes of this description, the matrix may 
be considered to be a form of Modified Hamming Code. 
The matrix has two functions: horizontally it tells us the 
value of the generated check bits for any data word when 
writing to memory, and vertically it tells us the syndrome 
word for any data bit in error. In a write cycle to memory, 
a ‘T in any row indicates that the data bit in that column 
helps generate the parity bit in that row. For example, 
check bit 1 checks the parity of data bits 3, 6, 8, 9, 11, 13, 
14 and 15, and generates even parity for those data bits. 
In a read cycle from memory, three or five of the six syn- 
drome bits will go high for a single data bit error, and the 
columns represent the syndrome word, so the data bit in 
error is the number at the top of the column for that syn- 
drome word. The 16 AND-gates each decode one of the 
16 syndrome words shown in the columns of Table 1, to 
locate the error. If there is a data bit error, one of the out- 
puts of the 16 AND-gates will go high, to complement the 
data bit in error. 

If two errors have occurred, the syndrome word is simply 
the Exclusive-OR of the syndrome words of the two indi- 
vidual bits in error, whether data or check bits, and is 
always even parity. First, if two check bits are in error, 
the corresponding two syndrome bits will go high. Se- 
cond, for one data bit and one check bit error, then either 
two, four or six syndrome bits will go high. Finally, if two 
data bits are in error, again two, four or six syndrome bits 
go high. Thus a parity check on the syndromes will indi- 
cate any two errors. This is important because if we 
know there are two errors, the DP8400 can attempt to 
correct them. The third error flag, El, is the parity of the 
syndrome bus and check bit error. The DP8400 provides 
three error flags AE (Any Error), EO and El, as shown in 
Table 2, so that the exact nature of the error can be 
determined. 

Configuration and Control of the DP8400 

The DP8400 has a 16-bit data I/O port and an 8-bit check 
bit I/O port (6 bits used with 16 data bits) for applications 
with memories used with 16-bit microprocessors. The 
16-bit data I/O port sits on the memory data bus, and the 
6 check bit I/O port connects directly to the check bit 
section of memory. In other words, each memory loca- 
tion now contains 16 data bits with 6 check bits. The 
DP8400 is expandable to beyond 80 data bits, each addi- 
tional 16 data bits requiring an additional DP8400 with- 
out the need for extra logic circuitry. 32-bit wide memory 
busses are also a popular width for minicomputers. In 
addition, 16-bit microprocessor systems may use 32-bit 
memory, because this larger memory data width requires 
only 7 check bits, a lower percentage overhead of check 
bits to data bits. 

Figures 2a and 2b show a simplified block diagram of 
the DP8400 with its control signals. The numerous con- 
trol signals provide ease of use in the many varied appli- 
cations of this c hip. T here are three latch enable signals 
DLE, CSLE and OLE. Whenever DLE is high, data on the 
data I/O port DO-15 is entered into the data input latch 
DIL, and is latched in as DLE goes low. This allows 
either processor or memory data to be present on the 


data bus for only 3ns prior to, and held over for 10ns 
after DLE goes low. The data can then be removed if de- 
sired. Similarly, CSLE, when high, allows check bits on 
the check bit I/O port and external data on the syndrome 
I/O port to enter the check bit and syndrome input 
latches (OIL and SIL), respectively. The se ar e latched in 
as CSLE goes low. (In 16-bit operation, OES, Output En- 
able Syndromes, will be set low permanently, inhibiting 
CSLE to SIL, which remains in the power-up reset condi- 
tion so that it does not affect the simplified block dia- 
gram.) OLE, when set low, allows internal information 
into the data and check bit output l atche s (and the 
syndrome output latch, not shown). As OLE goes high, 
this information becomes latch ed. F or some less com- 
plex designs, DL E, CS LE and OLE may be linked to- 
gether. Providi ng OL E w as lo w to allow corrected data 
into DOL, then OBO and OBI, when set low, enable the 
two data output buffers to present corrected data to the 
system. Data is enabled or disabled within 15ns of 
these inputs going low or high, respectively. 

The DP8400 has three mode pins, M2, Ml and MO, which 
offer eight major modes of operation, designated 0 to 7. 
The most important two are Normal Write and Normal 
Read, a nd for these Ml and MO are set low. M2 is READ/ 
WRITE so Normal Write is mode 0 and Normal Read is 
mode 4. Other modes are used for the Double Comple- 
ment Correct approach (Modes 1, 3 and 5) and for diag- 
nostics (Modes 2 and 6). Mode 7 is used when expanded 
to more than 16 data bits and fast correction times are 
required. 

Normal Operation With a 16 Data Bit Memory 

The basic requirements for normal operation of the 
DP8400 are that it generate check bits, detect errors and 
correct them with minimum delays, and that it be easy 
to use. In normal operation Ml and MO are set low. 
Figure 2a shows how the DP8400 generates check bits 
when writing data to memory. DLE may be kept high, 
OLE low, CSLE low, and M2 low so that the DP8400 is in 
Mode 0. System data is presented to the data I/O port on 
pins DO-15, and enters DIL, where it connects to the 
check bit generator CG. The six generated check bits 
pass through COL and are enabled (with M2 low) onto 
the check bit I/O port. The six generated check bits will 
appear 30ns after the 16 data bits are presented to the 
data I/O port. A write to memory will now store the 16 
data bits and 6 corresponding check bits in the selected 
location of memory. The write cycle is therefore slowed 
down by 30ns, which in most memory systems is not 
significant. 

Figure 2b shows the paths when reading from memory, 
with DLE set high to enter the memory data bits into 
DIL, and CSLE also set high to enter memory check bits 
into CIL. M2 is set high so that the DP8400 is in Mode 4. 
The Any Error flag, AE, becomes valid 35ns after 
memory data and check bits are valid. Error flags El and 
E0 become valid approximately 15ns later. Thus, if AE is 
low, no further operations are necessary. For fast 16-bit 
microprocessor systems, it may be necessary to intro- 
duce a wait state every read cycle to first determine if 
an error exists. If no error is detected the wait state is 
removed and the read cycle continues. 

If an error is detected, then the error flags El and E0 
must be examined to determine the required action. If 
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the error is a single data bit error, DOL will by now con- 
tain corrected data. If there is no check bit error, then 
COL, which follows CIL when in M ode 4, now contains 
the original check bits. By taking OLE high, corrected 
data bits are latched in DOL, and correct chec k bi ts in 
COL. The memory is now disabled, so that OBO and OBI 
can be set low to enable corrected data onto the data 
bus, and M2 set low to enable the contents of COL onto 
the check bit bus. A write to the same location of mem- 
ory will therefore remove the data bit error if it was a 
soft error. The microprocessor can read the corrected 
data once the wait signal is removed. 

If the error is a single check bit error, DLE should be set 
low. DOL contains the contents of DIL, st ili co rrect data . 
Memory can now be disabled so that OBO and OBI, 
when set low, output correct data, and M2 when set low, 
allows the generated check bits from DIL to be output 
on the check bit I/O port. A write to the same location of 
memory will remove the check bit error if it was a soft 
error. The microprocessor now reads this correct data 
when the wait signal is removed. If a double bit error is 
detected, then other approaches may be taken, as des- 
cribed in the data sheet and later in this application 
note. 

The primary features of the DP8400 are discussed in the 
data sheet; there are, however, a number of other 
features that become very useful once a designer 
becomes acquainted with error correcting techniques. 


These include: expansion beyond 16 data bits, diagnos- 
tic routines, error logging (allowing some double error 
correction), and a novel approach offering fast correc- 
tion of any double error. This application note discusses 
how the DP8400 has been designed to function in all of 
these applications, making it the most versatile and 
comprehensive error correction chip available. 


Error Checking and Correcting for Wider-Than- 
16-Bits Data Widths 

At present, most 16-bit microprocessor systems use a 
16-bit wide main memory, partly for simplicity, and also 
because main memories, in general, have not become 
large enough in size to justify otherwise. The data sheet 
shows how to accomplish this with one DP8400, utilizing 
the matrix of Table 1 . It is fairly easy to use a memory of 
twice the microprocessor data width to reduce total chip 
count when incorporating error correction capability. 
One example would be a complex 8-bit microprocessor 
using large main memory. If the memory data width is 
kept at eight bits, then five check bits are required for 
error correction for each byte of data. If four banks of 
memory are required, each bank comprising 13 chips, 
then 52 total memory chips are required and only 62% of 
the memory is used for system data. If the memory data 
width is increased to 16 bits for the same micropro- 
cessor-based system, then six check bits are required. 



Figure 3. 32-Bit Error Detection and Correction 
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The memory now comprises two banks each of 22 chips, 
totaling 44 memory chips— a savings of eight memory 
chips. This saving is offset somewhat by the need to 
incorporate byte-writing capability, which does require 
extra components and slows down the memory write 
cycle. One DP8400 is still needed, using all 16 bits, and 
two bidirectional buffers are also required. 

As a second example, using a 16-bit microprocessor 
with a memory of eight banks, each comprising 16 bits of 
data and six check bits, the total is 8 x 22 or 176 memory 
chips. Once the memory is widened to 32 data bits with 
seven check bits, only four banks are required, and the 
total number of memory chips reduces to 4x39, or 
156 — a savings of 20 memory chips. This is offset a little 
by the fact that an extra DP8400 is required, and slightly 
slower memory write and read cycles are necessary. In 
some cases, therefore, widening the memory data bus 
becomes more practical for larger memories. 

Saving memory chips is just one reason why there is a 
need to be able to expand the DP8400 beyond 16 data 
bits. Most minicomputers now use 32-bit wide data 
busses, and soon there will be some 32-bit microproces- 
sors. Other systems use 24 bits, 48 bits, 52 bits, 64 bits or 
a variety of other data widths. The DP8400 has been con- 
figured to be expandable to any data width, even beyond 
80 bits, merely by inserting an additional DP8400 for 
each 16-bit increment in memory data. 

A section of the chip shown in the data sheet Block 
Diagram comprises the syndrome input and output 
latches, SIL and SOL, and a dedicated syndrome I/O 
port. This port has a number of uses not normally needed 
in simple 16-bit single error correction applications. 


One use of this syndrome port is for data widths wider 
than 16 bits. Only one DP8400 is required with 16 data 
bits or less, but if a system uses more than 16 memory 
data bits, additional DP8400s are required. For example, 
two DP8400s, one with its 16-bit data port connected to 
the lower word, and the other to the higher word, can be 
configured to generate check bits, and detect and cor- 
rect errors for a 32-bit memory as shown in Figure 3. For 
writing to memory, both chips will still generate six 
check bits from the two words of 16 bits. But with more 
than 26 total data bits, seven check bits are required. 
Therefore, it is necessary to combine the two sets of 
check bits to produce seven composite check bits to be 
written to memory as shown in the flow path depicted in 
Figure 4a. This is achieved by outputting the six gener- 
ated check bits from the lower word DP8400 (designated 
L), and inputting them to H, the higher word DP8400. The 
syndrome port of H is available to receive these check 
bits from L, to be loaded into SIL of H, provided CSLE is 
high. The six outputs from SIL combine with the six 
check bits generated in H to create seven composite 
check bits, and this 7-bit combination is output on the 
check bit port to the memory check bits. Table 2 shows 
one of twelve possible ways to combine the two sets of 
check bits. Note that the lower word matrix for bits 0 and 
15 is identical to Table 1 with the addition of all “0”s for 
the seventh check bit. The higher word matrix for bits 16 
to 31 uses the same rows but in a different order, imply- 
ing that the check bits from L must be cross-connected 
to H. For example, memory check bit 5 is generated from 
check bit 1 of L and check bit 5 of H. Both chips are 
therefore set to normal write mode when generating 
check bits. 



Figure 4a. E 2 C 2 32-Blt Configuration, Error-Correct Flow Path 
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When reading from memory, the two chips first need to 
detect for an error. Figure 4b shows the flow path through 
the chips. L is set to normal write mode and H to normal 
read mode. Memory data is supplied to both chips so 
that L generates six check bits from the lower word data 
bits, and feeds them to SIL of H, the same as for writing. 
H also generates its own check bits which combine with 
those from L, and these seven composite check bits are 
compared with the seven memory check bits fed into CIL 
of H. This combining, plus comparison of check bits, is 
equivalent to seven 3-input Exclusive-OR gates. The out- 
put of these Exclusive-OR gates are the seven syndrome 
bits, and these can be decoded to determine the type of 
error. First, if there is no error, error flag AE of H will 
remai n ina ctive because memory data is correct, pro- 
vided OLE is kept low, and DOL of both L and H will 
contain correct data. Second, if there is a memory check 
bit error, only one of the seven syndromes will go high 
and the three error flags of H will indicate a check bit 
error as i n Tab le 3. Note that memory data is still correct, 
and with OLE low, DOL of both L and H contain correct 
data. Third, if there is a single data error in bits 16-31, the 
syndromes of H are such that the data error locator will 
locate the error and correct it, so again DOL of both L 
and H contain correct data. This is because the seventh 
syndrome bit is low for an error in the higher word, so 
that we have a six syndrome bit word as in Table 1, to be 
decoded as normal to correct the error. In each, of these 
three cases, DOL of both L and H contained correct data, 
and the common condition for these is either that AE(H) 
is “0", or E1(H) is “1”. 

The fourth case is more complex. In the previous three 
cases, correct data has been available in both DOL 
about 50ns after memory data became valid. Now with a 


single data error in bits 0-15, AE(H) is a “1”, EI(H) a “1”, 
and EO(H) a “0”, but L does not have sufficient 
information to locate the error. It is first necessary to 
feed back the partially generated syndromes of H back 
to L, and this is achieved by reversing the direction of the 
common bus. First L Is placed in normal read mode so 
that L’s generated check bits become disabled. Next, 
the part ial sy ndromes in H are enabled onto the bus by 
setting OES of H low, so that its syndrome I/O port out- 
puts the combined Exclusive-OR of CG(H) and CIL(H), 
which is transferred to CIL of L. These partial syndromes 
then combine with CG(L) to generate valid syndrome bits 
in L, demonstrated by the flow path of Figure 4c. If there 
is, in fact, a data bit error in bits 0-15, the seventh syn- 
drome bit will go low, allowing the remaining six bits to be 
decoded to locate the error as per the columns of Table 2. 
This switching around of the common bus, therefore, 
takes more time to correct the error in L, equivalent to a 
total time of approximately 100 ns. The fifth kind of error is 
identified as a double error. In this case, the error flags 
indicate the double error and the system can take the 
necessary action. 

A logical approach when using two DP8400s would be to 
first see if there is any need to reverse the common bus 
by monitoring AE(H), and when it is low, to output 
directly from DOL of both chips by setting OBO and OBI 
of each low. The System Data Valid flag should be set 
active at this time. If the AE(H) output is high and the 
error flags do not indicate a double error, then the com- 
mon bus should be switched around and the System Data 
Valid signal set true. If the error is a double error, the 
user may utilize a number of alternatives, including the 
Double Complement Correct method. 



Figure 4b. 32-Bit Configuration, Detect Flow Path 
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Table 1. Data In to Check Bit Generate, or Data Bit Error 
to Syndrome-Generate Matrix (16-Bit Configuration) 


GENERATED 

SYNDROMES 


0123456789012345 

GENERATE CHECK BITS 

0 00111111011101110 

1 00010010110101111 

2 1001100010101111 2 * 

3 0110000111101011 3* 

4 11000101100101014 

5 11101110100011105 


DQO-15 


GENERATED 
CHECK BITS 


489751 39 EBD3C7 FF0 

33202321300123211 


HEXADECIMAL EQUIVALENT 
OF SYNDROME BITS 

*C2, C3 generate odd parity. 

Table 2. Data Bit Error to Syndrome-Generate Matrix 
(32-Bit Configuration) 


0 

1 

*2 

SYNDROMES *3 

4 

5 

6 

48975139EBD3C7FF 2AA12238B981A3B9 0 HEX 

3320232130012321 31 46654534652767 1 


*CG2, CG3 generate odd parity. 



Figure 4c. E 2 C 2 32-Bit Configuration, Write Flow Path 
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111111 

789012345 


1111222222222233 

6789012345678901 


0011111101110111 0001001011010111 1 

0001001011010111 1110 111010001110 5 . 


1001100010101111 

0110000111101011 
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Table 3. Error Flags After Normal Read 
(32-Bit Configuration) 


AE (H) 

El (H) 

EO (H) 

EO (L)* 

Error Typo 

0 

0 

0 

0 

No error 

1 

1 

0 

0 

Single check bit error 

1 

1 

1 

0 

Single data bit error (H) 

1 

1 

0 

1 

Single data bit error (L) 

1 

' 0 

0 

0 

Double bit error 


All Others 


Invalid conditions 


* EO (L) is valid after transfer of partial syndromes from higher to lower. 


This approach to wider data width error detection and cor- 
rection is termed the cascade configuration, and it 
requires only the one additional DP8400. The cascade 
approach can be used with up to five DP8400s controlling 
80 data bits. The advantage is that only one additional 
DP8400 is required per 16 data bits, although write and 
read times become progressively slower as the number of 
DP8400s is increased. This is because of the time taken 
for the generated check bits to ripple through from the 
lowest to highest chips when writing and detecting, and 
then ripple back the other way for correcting. 

In many memory systems, speed is of utmost importance 
and for faster systems, it is possible to connect the 
DP8400s in a parallel configuration using additional ICs. 
Application Note AN-308 describes this approach in 
detail. 

The user may, therefore, select one of these approaches 
(or a combination of both) for systems using memory data 
widths of more than 16 bits. 

Diagnostic Capabilities of the DP8400 

The DP8400 has been designed with system fault diag- 
nosis in mind. In fact, it is possible under microprocessor 
control with the DP8400 in situ on the memory board to 
fully test every gate inside the DP8400 activated in normal 
operation, and also to diagnose all memory check bits. 
The DP8400 has two main diagnostic modes — modes 2 
and 6. In other words, with Ml set high and MO set low, 
information can be written to or read from the chip. 

Mode 6 allows the memory check bits to be read onto the 
higher byte bits 8-14, and syndromes to be read on the 
lower byte bits 0-6, as shown in Figure 5a. The remain- 
ing two bits, 7 and 15, are the error flags El and EO that 
were valid when mode 6 was entered. The syn drom e bits 
will be the internally generated syndromes if OES is low 
(mode 6A) , or e xternal syndromes input on the syndrome 
I/O port if OES is high (mode 6B). The external syndromes 
could be obtained from an error logger/syndrome injector 
unit — this is an. error logger with the capability of 
injecting syndromes back to the DP8400. Therefore, by 
being able to read the externally stored syndromes, the 
microprocessor can monitor or store the syndromes 
whenever needed. 

Mode 2 transfers system data from the higher byte into 
CIL, instead of DIL, to simulate check bits. This can be 
used in three ways. First, as shown in Figure 5b, the 
simulated check bits can be latched in CIL by taking 
CSLE low. If the DP8400 is now set to normal read, mode 
4, and new data is presented then, provided DLE is high 


and CSLE is kept low, the DP8400 will perform a normal 
read operation as if it were reading memory check bits. 
The results of this simulated read may be checked by 
enabling DOL to see if an error (if inserted) was corrected. 
Or as a further check, by entering mode 6, the predicted 
generated syndromes and error flags may be checked. 
Second, also while in mode 2, the simulated check bits 
appear at the check bit port (from the data bus higher 
byte) available to be written to t he ch eck bit portion of 
memory as shown in Figure 4c. OLE is set high before 
the original simulated check bits are removed and then 
memory data is subsequently placed on the data bus. A 
write to memory will now write known data and simu- 
lated check bits to the selected location. By writing known 
data to the memory check bits in mode 2, and then read- 
ing the memory check bits in mode 6, each check bit in 
each locatio n can be validated. Third, it is possible in 
mode 2 with OES low to transfer data from the higher 
byte to the syndrome I/O port, also shown in Figure 5c. 
But first the generated check bits must be all low. This is 
attained by previously loading all “1”s into DIL in an 
earlier cycle. This is useful when using an error logger in 
conjunction with the DP8400 to feed the syndrome word 
into the logger whenever an error occurs. 

Error Logging with Syndrome 
Injection Capability 

An important application of the dedicated syndrome I/O 
port is for error logging. This is because the internally 
generated syndromes deriv ed du ring reading are avail- 
able on this port, provided OES is set low. These syn- 
dromes indicate the exact location of a single error, 
whether it is in the data bits or check bits; they are 
therefore useful to be stored for error logging. Every time 
an error occurs when indicated by error flag AE, the 
syndromes corresponding to this error can be logged. 

The syndrome word can be fed from SOL via the 
Syndrome Output Buffer onto the external syndrome 
bus. An Error Logger connected to this bus, as shown in 
Figure 6, will store the syndrome word in the same loca- 
tion as the corresponding address of each error that 
occurs. An intelligent error logger will differentiate 
between new errors and ones that have occurred pre- 
viously, by logging only new errors and ignoring ones 
that have already occurred. An easy way to determine 
this would be to compare the incoming memory address 
with the address of errors contained in the logger. If a 
match is not found and an error occurs, the new address 
and corresponding syndromes are logged. If a match is 
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found, then whether an error occurs or not, no further 
action is necessary. Tag bits may be provided to indicate 
whether the error is hard or soft. 

For example, it an error has already been logged at a 
particular address and that address is re-written to, then 
if the error repeats subsequently, it is a hard error, and if 
not, it is a soft error. So, if a tag bit is set when a write 
occurs to a previously logged address and a subsequent 
error is detected at that address, a second tag bit is set 
indicating a hard error. A better approach would be to 
have the DP8400 correct and rewrite to the same location 
all in the same cycle, as soon as a singie error is detec- 
ted. The first error detected in a location is classified as a 
soft error until it recurs, and if an error does recur, a tag 
bit is set to indicate a hard error. It is assumed here that 
multiple soft errors will^not occur in the .same location. 


Now that the error logger contains error information, it is 
necessary for the microprocessor to retrieve it. The 
DP8400 makes this easy, because the external syndrome 
bus data can be transferred to the data bus as described 
for operation in mode 6. If the error logger is made 
capable of outputting stored syndromes, and subse- 
quently outputting the corresponding address one byte 
at a time, then all the relevant information can be 
retrieved by the microprocessor. The user may choose to 
store this in nonvolatile memory in the event of a power 
failure. When power returns, it will be desirable to 
restore this information back to the error logger, and this 
can be achieved by first loading DIL with all “T’s to create 
all generated check bits low. Now the addresses and 
syndromes can be loaded from the higher byte of the 
microprocessor through the syndrome I/O port one byte 
at a time, with DP8400 in mode 2, to the error logger. 



MEMORY 


Figure 5a. Read Internal Generated Syndromes and Check Bit Port (Mode 6A) or 
Read Syndrome Port and Check Bit Port (Mode 6B) 



Figure 5b. Diagnostic Read— Compare Simulated Check Bits with 
Check Bits Generated from Data Stored In Previous Cycle 
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1) DIAGNOSTIC WRITE: WRITE HIGHER DATA BYTE 
TO CHECK BIT BUS (MODE 2) 


2) TRANSFER HIGHER DATA BYTE TO SYNDROME 
BUS (MODE 2, PREVIOUS CYCLE LATCHED ALL 
Ts IN DIL TO MAKE CG = 0) 


Figure 5c. DP8400: Mode 2 


ADDRESS BUS 
DATA BUS 


ADDRESS 

TAG 

SYN 

















-M— 8- 



Figure 6. Error Logger Connected to DP8400 Syndrome Port 


Correcting Double Errors 
Using the Error Logger 

It is possible to take the error logging function one stage 
further. As described so far, the error logger has been 
storing single errors (data bit or check bit). What if a 
double error is detected? If it is detected without any 
previous history at that address, one solution would be 
to perform a Double Complement to attempt to correct 
both errors. If this is not done, no useful information can 
be obtained. If both errors are corrected, the error logger 
records the syndromes of both, and tags whether they 
were both hard, or one hard and one soft. But, if there is a 
previous history at this address of a single error, then it 
is fair to assume that the second error has subsequently 
occurred. In this case, if the error logger could be made 
to inject the syndromes of the first error into the DP8400, 
the DP8400 would correct this error so that its DOL 
would then contain data with one error (if both errors are 
data bit errors). It is necessary at this point to wrap- 
around DOL back to DIL and allow the DP8400 to correct 
the second error. This approach is much faster than the 
Double Complement approach and at the same time 
offers full error logging capability. 


Any Double Error Correction Using 
The Double Syndrome Decode Approach 

The data sheet shows how the DP8400 can perform 
double error correction using the Double Complement 
Approach, provided at least one of the errors was hard. 
For very large memories, this may not be adequate, as 
some systems will require total double error correction 
capability — quickly, without having to wait two addi- 
tional memory cycles. Some of these systems will also 
required triple error detect capability. Fortunately, the 
matrix of the DP8400 has been configured to allow both 
of these capabilities. Most modern error detection/ 
correction matrices use a modified version of 
Hamming’s original code. The Hamming code allows 
single errors to be corrected, however, two errors may 
not be detected as such. For 16 data bits, five check bits 
are required. Modified Hamming codes allow double 
error detect capability, as well, by arranging that the 
Exclusive-OR of the syndrome words of any two bits in 
error produces an even parity syndrome word. A parity 
check on the syndrome bus will, therefore, indicate two 
errors (or no error, but in this case, the Any Error flag will 
be inactive). For 16 data bits, six check bits are required 
for single/double error detect and single error correction 
capabilities. 
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The DP8400 has a matrix that goes one step further by 
using a version of the Nelson code. This costs no addi- 
tional on-chip gates to those required for a Modified 
Hamming code. To be able to correct any two errors, it is 
necessary to be able to determine their location, and no 
present version of the Modified Hamming code is able to 
do this. There are matrices that do exist that can generate 
12 check bits from 16 data bits (or 14 check bits from 32 
data bits) for writing, and then generate 12 (or 14) syn- 
drome bits when reading, so that the location of both 
errors can be determined and corrected. But, because 
most applications do not require this degree of integrity 
and associated expense, they are not very popular. It 
would be ideal if two DP8400S could be configured as in 
Figure 7a, with each generating a different set of check 
bits and a different set of syndrome bits so that the 
double syndrome word could be unique and decodable for 
any two bits in error. Fortunately, National Semiconduc- 
tor has achieved this by incorporating a feature called the 
Rotational Syndrome Word Generator, which uses rotated 
data to the secondary DP8400. 

The primary DP8400 generates check bits when writing, 
and syndrome bits when reading, as in a normal 16-bit 
system. But the data port of the secondary DP8400 re- 
ceives data shifted by a number of bits, usually one bit. 
In other words, for this secondary chip, system data bit 0 
connects to DQ1, system data bit 1 to DQ2, etc. Each 
DP8400 has its own dedicated six memory check bits, 
which are obviously different from each other due to the 
data shifting on the secondary DP8400. The Nelson code 
is such that during a read, not only does each DP8400 
generate a different set of syndrome bits, but the double 
syndrome word (comprising 12 bits for 16 data bits) is 
unique for any two bits in error. It is necessary to be able 
to ou tput these syndromes as they occur and to do this, 
OES of both chips is set low during the time memory data 
is valid. 

Now that we have a unique double syndrome word for 
any two bits in error, it is necessary to decode it to cor- 
rect both errors. The easiest way to do this is to connect 
the double syndrome word to the address inputs of a 
registered PROM (a PROM with latchable data out) as 
shown in Figure 7b. In this example, 12 syndrome bits re- 
quire 4k addressing capability, and 32k registered 
PROMs will be made available soon. Some of the ad- 
dresses of the RPROM will be used for double errors and 
each address will be unique forany two bits in error. The 
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Figure 7a. 2 Different Generators 


corresponding data out could, therefore, contain one of 
the syndrome words. Double errors may be caused by 
two data bit errors, a data bit and primary check bit error, 
a -data bit and secondary check bit error, a primary and 
secondary check bit error, or two errors in either primary 
or secondary check bits. In these cases, if the RPROM 
address stores the syndrome word for one of the two 
errors, this will be available at the output of the RPROM 
when enabled. 

First of all, this dat a mu st be latched in the RPROM 
register, and then the OES input to each DP8400 must be 
set high to deactivate the two syndrome output buffers. 
Next, the RPROM data must be enabled onto the primary 
syndrome bus so the primary DP8400 can enter this syn- 
drome word, representing one of the two bits in error 
with CSLE high. At the same time, the primary DP8400 
must be set to mode 7 so that the syndrome word appears 
on the Intern al syn drome bus, replacing the generated 
syndromes. If OLE is now set from low to high, DOL will 
contain either one or no error, depending on where the 
two errors were located. In other words, th e DP 8400 has 
just corrected one of the errors. By se ttin g OLE low, then 
disabling memory and enabling OBO and OBI of the pri- 
mary DP8400, this data is output on the data bus and 
back into the DIL with DLE high. There is now only one 
data error, and this can be corrected by setting the 
DP8400 to normal read, mode 4. 

Thus, both errors have been corrected at a fairly fast rate. 
For example, for a 50ns RPROM, the total time to gener- 
ate double syndromes, feed back a one-error syndrome 
word to the primary DP8400, correct it, wraparound, and 
correct again, may take less than 120ns total. 

Only a few of the addresses in the RPROM are required 
for double errors. Some double syndrome words repre- 
sent single errors and triple errors. All single bit errors 
also produce a unique double syndrome word different 
from all double bit errors. 
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In fact, nearly all triple bit errors produce unique double 
syndrome words different from single and double bit er- 
rors. Those that do not produce unique double syndrome 
words, duplicate double syndrome words of other single, 
double, and triple bit errors; however, these comprise 
only about 5 percent of the total. We can say, therefore, 
that this approach will correct not only all double bit er- 
rors, but will detect 95 percent of all triple bit errors. Note 
that with error correction systems utilizing the modified 
Hamming code, the majority of triple bit errors are 
interpreted as single bit errors and falsely corrected as 
such. It is up to the designer to determine the chances of 
three errors occurring in a memory location, and the 
(likely) consequences that they will be falsely corrected. 
If this condition is undesirable, then the Double Syn- 
drome Decode Method offers greatly enhanced integrity; 
in fact, if the three errors detected do have a unique 
double syndrome word, they can be corrected. As stated, 
no presently used Modified Hamming code offers a 
unique double syndrome word for multiple errors; this is 
only possible with a Nelson code. This example was 
largely for 16 data bits, but the idea will work for other 
data widths. 

In the 16-bit example, the RPROM has to output only six 
bits representing the syndrome bits of a bit in error. This 
leaves two spare bits which can be used as flags, and the 
user can program his RPROM accordingly. One solution 
is to use these flags to indicate the type of action 
required — whether to correct at all, correct once, or cor- 
rect twice by wrapping around. 

Block Diagram of the DP8400 

This Application Note discusses first the single error 
correction, showing a simplified block diagram of the 
chip for both a write cycle to generate check bits, and a 
read cycle to detect errors and correct single bit errors. 


The most important requirement when accessing mem- 
ory Is that these operations be performed with minimal 
memory delays. The DP8400, therefore, has been struc- 
tured Internally to minimize series propagation delays 
through the chip. A full block diagram of the DP8400 is 
shown, and first Impressions are that there might be ex- 
cessive delays in the various paths due to the additional 
blocks that have been added to the basic functional 
block diagram. In fact, this is not the case, because the 
DP8400 has been configured in bipolar Schottky logic 
and uses the AND-OR-INVERT gate In many of the blocks. 
This type of gate structure is used in multiplexers, Exclu- 
sive-OR gates and fall-through latches. It is possible, 
therefore, to combine these functions into one wide 
gate, reducing the propagation delays through some of 
these blocks to that of one gate. For example, the check 
bit output latch COL receives its input from an Exclu- 
sive-OR gate followed by a multiplexer. These three 
functions can be combined into one wide gate, and this 
greatly reduces the time taken to generate check bits. 


The DP8400 — A Versatile Error Checker/ 

Corrector for All Applications 

It was shown earlier how the DP8400 was able to detect 
single and double errors, and correct single errors. For 
8-and 16-bit systems, these could easily be accomplish- 
ed with a minimum of extra circuitry. The DP8400 can 
also be used In complex high integrity systems. In fact, 
investigations are still progressing as to its immense 
capabilities. It is the only error correction circuit capable 
of these features, and yet it still provides very fast through- 
put. For these reasons, the DP8400 should become the in- 
dustry standard error correction chip for the foreseeable 
future. 
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DP8400S in 64-Bit Expansion 


National Semiconductor 
Application Note AN-308 
Chuck Pham 
June 1982 



The purpose of this Application Note is to provide mem- 
ory designers with detailed information on the DP8400 
parallel expansion method. This method allows fast 
check bit generation, error detection, and error correc- 
tion. A thorough understanding of the 16-bit implementa- 
tion is a prerequisite. Included in this note are the 
following: error correction expansion matrix; detailed 
steps for check bit generation, error detection and error 
correction; an example of a single error correction; and 
the detailed wiring diagram for the 64-bit configuration. 

The Error Correction Expansion Matrix 

For a 16-bit word, the DP8400 reads data between the 
processor and memory, with its 16-bit bidirectional data 
bus connected to the memory data bus. The DP8400 
uses an encoding matrix to generate six check bits from 
the 16 bits of data. This 16-bit matrix contains 16 unique 
syndrome patterns corresponding to each error location 
which allows the DP8400’s Data Error Decoder (DED) to 
identify the data error location. 

The DP8400 is easily expandable to other data config- 
urations. For a 32-bit data word with seven check bits, 
two DP8400S are used. Three DP8400S can be used for 48 
bits, four DP8400S for 64 bits, and five DP8400S for 80 
bits, all with eight check bits. In order to expand the 
DP8400, additional check bits are required to provide the 
unique characteristic of the single data error syndrome. 
For expansion beyond 24 bits, check bits 6 and 7 (C6 and 
C7) are used. Note that these check bits can be configur- 
ed to be always either zero or word parity, depending on 
the input voltage level of the Expansion Pin (XP). By re- 
arranging all eight check bits (CO- C7) of each DP8400, 
we can obtain many different matrices that meet the 
above requirement. One of these is shown in Table 1 . For 
illustration, this matrix will be used throughout this 
application note to clarify the E 2 C 2 expansion concept. 

Check Bit Generation, Error Detection 
And Error Correction 

Check Bit Generation (Figure 1) 

In the Check Bit Generation mode, all four DP8400s are 
set to mode 0, normal write. The 64 bits of data from the 
system-data bus are enabled into the Data Input Latches 
(DIL) of each DP8400. The individual Check Bit Genera- 
tors (CG) of the four DP8400s then produce eight parity 
bits, or partial check bits, derived from the input data. 
(Note that all the syndrome input latches should be 
cleared so that only the partial check bits will pass 
through the Check Bit Output Latches/Buffers (COL and 
COB)). In the normal write mode, the COBs are always 
enabled onto each check bit port. This allows the partial 


Table 1. Data Bit Error to Syndrome-Generate 
Matrix, 64-Bit Configuration 

The partial code of device 0: 


Error Locations (Data Bit Numbers) 
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check bits to be combined externally in the eight 
74S280s’ parity generators/checkers to produce eight 
composite check bits. Table 2 shows how these check 
bits are generated. 


Table 2. Composite Check Bit Generation 


Ccomp. 0 = C(0)0 © 
Ccomp. 1 = C(0)1 © 
Ccomp. 2 = C(0)2 © 
Ccomp. 3 = C{0)3 © 
Ccomp. 4 = C(0)4 © 
Ccomp. 5 = C(0)5 © 
Ccomp. 6 = C(0)6 © 
Ccomp. 7 = C(0)7 © 


C(1)1 © C(2)6 © C(3)4 
C(1)5 © C(2)3 © C(3)5 
C(1)6 © C(2)5 © C(3)3 
C(1)4 © C(2)4 © C(3)6 
C(1)3 © C(2)2 © C(3)2 
C(1)2 © C(2)7 © C(3)0 
C{1)0 © C(2)1 © C(3)1 
C(1)7 © C(2)0 © C(3)7 


Notes: 

Ccomp: composite check bit. 

C(X)N: the partial check bit N of device X. 
(Refer to Table 1 for clarification.) 


To aid in fast error detection during memory read cycles, 
these composite check bits are complemented and 
written into memory along with the system data. If the 
syste m dat a h as va cated the data bus, the Output En- 
ables (OBO and OBI) must be set low so that the original 
data word with its eight composite check bits can be 
written into memory. 

Detection Mode ( Figure 2) 

In the Detection mode, again all the DP8400s are set to 
mode 0, normal write, then the partial check bits derived 
from the memory data bits are generated in a manner 
similar to that described for the check bit generation 
mode. These partial check bits are then associatively 
compared with the memory check bits in the eight 
74S280s to produce eight external Composite Syndrome 
bits. As explained in the check bit generation mode, the 
composite check bits are complemented before being 
written into memory. This shows why complemented 
Composite Syndrome bits are produced inste ad of true 
composite sy ndromes. Then, if any bits on the Compos- 
ite Syndrome bus go low, this will cause the 74S30 NAND 
gate to go hig h, giving the Any Error i ndication. If there is 
no err or, all Co mposite Syndrome bits remain high. 
These Syndrome bits are also latched into the 74ALS533 
Octal D-type Transparent Latch (with inverted output). 
The composite syndromes are then fed into the syn- 
drome ports of the DP8400S in different combinations 
for each, for error-type determination and/or error 
correction. 

Correction Mode: (Figure 3) 

Upon receiving the Any Error indication during the 
detection mode, it takes an additional step to determine 
the error type and to correct a single data error. Ail the 
DP84 00S should be set to mode 7B (which is mode 7 with 
OES high), this mode enables the external syndromes 
directly to the Syndrome Generator (SG) and then the 
Data Error Decoder (DED) of each chip. For a single data 
error, the input syndrome will be unique for that error 
location; consequently, only one DP8400 can decode 
that error location and correct that bit. The other three 
do not indicate an error and do not change their data 
output latch contents. This corrected data can beou tput 
to the system data bus by means of OBO and OBI. The 
DP8400 that decodes the data error location will indicate 
a single data error, while all others indicate a check bit 


error. If there was a single check bit error or a double bit 
error, then all the DP8400s will indicate a check bit error or 
a double bit error, respectively, through their error flags. 

An Example of a Single Data Error Correction 

Assuming all zero data is to be written into memory, we 
obtain the following set of partial check bits for all 
DP8400s: 

CO = 0 C4 = 0 

Cl = 0 C5 = 0 

C2 = 1 C6 = 0 

C3 = 1 C7 = 0 

Note that each DP8400 contains the basic 16-bit matrix 
(C0-C5). Therefore, the first six partial check bits are the 
same for all devices; only C6 and C7 are different. With 
the 64-bit configuration using the above 64-bit matrix, 
C6 = C7 = 0 (by connecting XP directly to Vcc) for the 
devices 0, 1, and 2; and C6 = C7 = word parity (by leaving 
XP pin floating) for the device 3. However, with all zero 
data, word parity is also zero (even parity). Therefore, the 
above partial check bits are obtained. 

Using the formulas given in Table 2, the composite 
check bits are as follows: 

Ccomp. 0 = 0©0©0©0 = 0 
Ccomp. 1=0©0©1©0 = 1 
Ccomp. 2 = 1©0©0©1 =0 
Ccomp. 3 = 1©0©0©0 = 1 
Ccomp. 4 = 0 © 1 © 1 © 1 =1 
Ccomp. 5 = 0®1©0©0 = 1 
Ccomp. 6 = 0©0©0©0 = 0 
Ccomp. 7 = 0©0©0©0 = 0 

Note that these composite check bits are complement- 
ed before they are written into memory. Thus, the 
memory check bits read later from memory are 1100 
0101. 


If an error has occurred in the data position 35 which is 
bit 3 of device 2, then the partial check bits C(3)N produc- 
ed during the detection mode are as follows: 


C(3)0 = 1 

C(4) = 0 

C(3)1 = 1 

C(5) = 0 

C(3)2 = 0 

C(6) = 0 

C(3)3 = 1 

C(7) = 0 


The partial check bits of other devices are unchanged. 
Consequently, the newly generated composite check 
bits (Ccomp) and the total syndrome bits are: 


Newly Generated 

Composite Memory Composite 

Bit # Check Bits Check Bits Syndrome 


0 

1 

2 

3 

4 

5 

6 
7 


0 © 1 

1 © 0 

0 © 1 

1 © o 

0 © 0 

1 © o 

1 © 1 

1 © 1 


1 

1 

1 

1 

0 

1 

0 

0 
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Figure 1. E 2 C 2 Simplified Block Diagram — 
64-Bit Parallel Expansion, Check-Bit Generation 
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Figure 2. E 2 C 2 Simp 
64-Bit Parallel Expa 
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Figure 3. E 2 C 2 Simplified Block Diagram — 
64-Bit Parallel Expansion, Error Determination 
and Correction 
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MEMORY CHECK BIT OUT 
MEMORY CHECK BIT CLEAR 



Figure 4. E 2 C 2 64-Bit Parallel Expansion, Detailed Block Diagram 
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The composite syndrome 1101 0000 is that of the error 
location 35. Since the syndrome is unique and fed re- 
ordered to each DP8400, only device 2 will recognize this 
syndrome pattern and complement its data bit 3. Then 
the c orrec ted data can be output to the system data bus 
when OBO and OBI of all four DP8400s go low. Devices 0, 


1, and 3 all output the same data they received from 
memory. Only device 2 changes its (erroneous) data. 
Refer to Figure 6 below for the timing diagrams of a 
memory write and memory read cycle (detect then cor- 
rect): 




Figure 6A. E 2 C 2 64-Bit Parallel Expansion 
Memory Write Cycle 


Figure 6B. E 2 C 2 64-Bit Parallel Expansion 
Memory Read Cycle (Detect Then Correct) 
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Error Correction the Hard Way 


SYSTEM PESIBM/MEIW mmm _ 

ERROR CORRECTION 
THE HARD WAY 

A double complement correct cycle in an ecc system forms a 
sophisticated double-bit error correction and management 
system 


by Bob Nelson 


T he use of parity, the most common error detection 
method, can be expanded from simple error detec- 
tion in data words to the correction of single-bit 
errors by means of a double complement correct cycle. 
The double complement method can also be used to 
advantage in combination with error checking and cor- 
rection systems to detect and correct hard and soft com- 
binations of double-bit errors, provided no more than 
one of such errors is soft. In addition, this technique 
points the way to more sophisticated double-bit error 
correction and error management systems. 

A parity bit is assigned a value of 1 or 0 on the basis 
of the number of Is in the data word. The value of the 
parity bit depends on whether the parity system chosen 
is odd or even. Thus, in an odd parity system, the sum 
of the Is in the data word and the parity bit will always 
be odd, whereas in an even parity system, the sum of the 
Is in the data word and the parity bit will always be even 
(Fig 1). All examples in this discussion, except for those 
in Fig 1, use odd parity. A single parity bit can be used 
to detect a single-bit error occurring during a memory 
read cycle, and the technique can be expanded to pro- 
vide even further error handling. 

Parity error detection and correction 

During a memory write, the parity bit which is created 
as a result of the data is written to the memory along 
with the data word for storage. When a read cycle oc- 
curs, parity generation is again performed on the data 
word, creating a new parity bit, which is then compared 
with the original parity bit read from memory. If a dif- 
ference exists between the two parity bits, an error has 
occurred. Although this error cannot be located with the 
information given, and may have occurred in any bit lo- 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 


Data Word 

Parity 

Number 
of Is 

System 

10001010 

1 

4 

even 

10001010 

0 

3 

odd 

01101001 

1 

5 

odd 


Fig 1 Odd and even parity. Value of parity bit is generated 
to satisfy chosen parity system (even or odd) so that sum of 
all Is, including parity bit, will conform to even or odd 
parity system 

cation in the data word or even in the parity bit, if it is a 
hard error, its location can be determined through the 
use of additional memory cycles. 

If an error is detected during a memory read cycle, a 
simple procedure called the double complement method 
will determine if the error is hard, and, if so, correct it. 
The method includes a routine during which the suspect 
data and parity bit are complemented and presented to 
the same location in memory for a write cycle. Follow- 
ing the write, a read cycle is performed, and if the error 
is a hard error, the memory will repeat it by providing 
the data with the error bit complemented again. After a 
second complement, the data will be correct. At the end 
of such a correct cycle the memory contains the comple- 
mented data, and one additional write cycle must be 
performed to restore the data in memory (Fig 2). 

During a double complement correct cycle involving a 
data word containing an even number of bit locations, 
the parity test is performed after the second read and 
before the second complement. If the error is hard, a 
parity error will once again be detected following the 
second read. If the error is soft, a parity error will not 
result following the second read. For data words con- 
taining an odd number of bit locations, parity testing 


1 st write 

11010011 

0 

original data 

1 st read 

11010111 

0 

PE (parity error) 

D— *-D 

00101000 

1 

data are complemented 

2nd write 

00101000 

1 

complemented data j 

2nd read 

00101100 

1 

PE (parity error) 

D— *-D 

11010011 

0 

data are complemented 


^-hard error location 


Fig 2 Hard error correction with parity. Single parity bit 
can be used to correct single-bit hard error with double 
complement method. On each memory read, original parity 
bit is read and new parity check is done on bits in data 
word. New parity bit is then compared with that read for 
validity 
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Even 


Odd 




1 st write 

1010 1 


10100 

1 



1 st read 

1011 1 

PE 

10110 

1 

PE 


D— *-D 

0100 0 


01001 

0 

PE 


2nd write 

0100 0 


01001 

0 



2nd read 

0101 0 

PE 

0101 1 

0 



D- *-0 

,0 r 

1 errors 

O 

n 

1 




(a) 







Hard 


Soft 




1st write 

1001 1 


1001 

1 



1 st read 

1011 1 

PE 

101 1 

1 

PE 


D — ►D 

0100 0 


0100 

0 



2nd write 

0100 0 


0100 

0 



2nd read 

0110 0 

PE 

0100 

0 



D — *-D 

1001 1 


101 1 

1 

PE 



f. errors 






(b) 






Fig 3 Even/odd word and hard/soft parity errors. Data 
words with even number of bits do not yield parity error on 
second read (a), nor soft error (b). Hard error, however, . 
will be corrected 


must be performed at different times during the correct 
cycle. In both cases, a double complement correct cycle 
can determine the type of error and, if it is hard, correct 
it (Fig 3). 

If the bit in error is hard, the double complement cor- 
rect can also be used to determine the .bit’s location in 
the data word. To do this, the data word and parity 
must be stored in a register when an error is detected. At 
the conclusion of the hard error correcting cycle, the 
location of the failing bit is determined by comparing 
the correct data with the contents of the register (Fig 4). 

Thus, the use of a single parity bit not only makes it 
possible to deduce the error type, but also to locate and 
correct hard errors. This technique is useful for low cost 
terminal and word processing systems since, where retry 
is acceptable, the small amount of additional hardware 


...the double complement 
method... also points the way to more 
sophisticated double-bit error 
correction and error management 
systems. 


required can often eliminate the cost of an unscheduled 
service call. If a hard error can be detected, a double 
complement correct cycle will correct it, and the tech- 


1 st write 
1 st read 

1010 1 
1011 1 

PE, D-*-REG 

1011 1 

D— *-D 

0100 0 


| 

2nd write 

0100 0 


( + ) 

2nd read 

0101 0 

PE 

1 

D— »~0 

1010 1 

compare with REG 

1010 1 


t 

error location = 

0001 0 


Flg 4 Locating hard errors with parity. Use of register for 
temporary storage enables double complement cycle to 
locate single hard error 


nique combined with an error checking and correction 
(ECC) system can also provide extended error correction 
capability when hard errors are involved. 

ECC and double complement 

The double complement method in combination with an 
ecc system can correct additional errors, both hard and 
soft. The ecc system under discussion here uses the 
code implemented by National Semiconductor in the 
DP8400 ECC device (Fig 5) to perform 1-bit error correc- 
tion and 2-bit error detection. In an ecc system for 
16-bit data words, such as the one discussed here, six 
parity bits are generated. Each of the parity bits is 
assigned a value as a function of the sum of the Is in a 


111111 
0123456789012345 
LSB error locations MSB 


0 0 111 
0 0 0 1 0 
10 0 11 
0 110 0 
110 0 0 
1110 1 


1110 1 
0 10 11 
0 0 0 1 0 
0 0 111 
10 110 
110 10 


110 111 
0 10 111 
10 1111 
10 10 11 
0 10 10 1 
0 0 1110 


LSB 0 

I 1 

syndrome 2 
words 3 
I 4 

MSB 5 


Fig 5 Check bit generator for data words. Code used is 


that implemented in National Semiconductor’s DPS400 ecc 
device 


unique combination of selected bits in the data word. 
Partial word parity bits in an ecc system are referred to 
as check bits. For simplicity, odd parity will be used in 
the examples, although in most ecc systems, including 
those implemented with the DP84O0, a combination of 


111111 
01234567890 1 2345 

000001 0001 00000 0« * data word 

1 - - - 1 LSB 0=1 

0001001011010111 I 1=0 

1001100010101111 check 2 = 1 
0110000111101011 bits 3=0 
1100010110010101 | 4 = O' 

1110111010001110 MSB 5 = 0 


Fig 6 Error check bits are generated by presenting the data 
word to ecc code matrix and noting corresponding Is. In 
first row, bits 5 and 9 correspond with Is in matrix. Thus, 
to maintain odd parity lsb of check bits is set to 1 


odd and even parity is used to improve memory diag- 
nostic capabilities. 

An ECC code forms a matrix (Fig 6) to which a data 
word can be presented for the generation of check bits. 
Given a data word, such as 0000010001000000, and the 
uppermost horizontal row of the matrix in Fig 7, check 
bit 0 is to be assigned a value based on the sum of cor- 
responding Is in that row and the data word. Using odd 
parity, the corresponding Is in locations 5 and 9 dictate 
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Write 00000100010000000 000101 

Read 00000100010100000 000101 error in 1 1 

Generate 00000 1 000 1 0 1 00000 010110 new check bits 
XOR check bits i 010011 

“ syndrome bits 


Fig 7 Generating syndromes for locating error. Syndrome 
word is result of exclusive OR (xor) of error check bits. 
No-error condition would result in syndrome word of all Os 

a value of 1 for the parity bit. For check bit 1, the 
selected location of correspondence is 9 only. Check bit 
1 is assigned a value of 0 for odd parity. The complete 
set of check bits for this particular word is 000101 
(05 HEX). 

After check bit generation, the data and check bits go . 
to the memory. During the read a new set of check bits 
are generated and compared against the check bits read 
from memory. The results of this check bit compare, an 
exclusive OR (xor) function, are the syndromes (Fig 7). 
The single error indicating syndrome word is unique and 
is interpreted by the syndrome decoder to indicate the 
column in the matrix corresponding to the error loca- 
tion. The matrix or code is therefore a check bit genera- 
tor for data, but a syndfome generator for error 
locations. 


The... method in combination with an 
ECC system can correct additional 
errors , both hard and soft. 


1 st write 
1 st read_ 
D— w-D 
2nd write 
2nd. read 
D — *-0 


5 9 

0000000000000000 

0000010001000000 

1111101110111111 

1111101110111111 

1111101111111111 

0000010000000000 

t__ 


110011 original data 
110011 2 errors 
001100 complement 
001 100 

001100 hard error fixed 
110011 complement 
000010 new check bits 


110001 syndromes for 
bit 5 


Fig 8 Correction of hard and soft errors. In the case of 
data word with one hard and one soft error, double 
complement method has corrected hard error and 
determined existence of soft error, which is then located by 


syndrome word and can be corrected 


The check bits, or partial word parity bits, generated 
by modified Hamming code? and the code used in the 
DP8400, are also capable of providing complete error 
reporting. Since the single error reporting syndrome 
words contain an odd number of Is and the total num- 
ber of Is is greater than one, 2-bit errors can easily be 
distinguished from a 1-bit or detectable triple-bit error. 
The DP8400 monolithic ECC device performs this error 
determination by counting the number of Is in the error 
indicating syndrome words. When no error exists, the 
syndrome word contains no Is, and when a single check 
is in error, a single 1 is present in the syndrome word. 
When an odd number of data bits are in error, the num- 
ber of Is in the syndrome word is odd and greater than 1 
(3 or 5 in this example); if an even number of bits are in 
error, the syndrome word contains an even number of 
Is greater than 0 (2, 4, or 6). 


An ECC system implemented with the DP8400 can, at 
minimum, detect 100% of 2-bit errors; all of these er- 
rors are correctable if no more than one of them is soft. 
The device has complement write and read modes to al- 
low the double complement correct technique to be used 
with no additional hardware, and other ECC devices can 
be used with additional components to implement the 
function. 

In Fig 8, a soft error exists in location 5 and a hard er- 
ror in location 9. During a memory read, the generated 


The matrix or code is... a check bit 
generator for data, but a syndrome 
generator for error locations. 


syndromes are the xor of the single error that indicates 
syndrome words representing the error locations. 
110001 ( + ) 001011 = 111010 [31 ( + ) OB = 3A HEX]. 
Since a double error is indicated — an even number of Is 
in the syndrome word — the data and check bits are com- 
plemented and placed in the output registers for presen- 
tation to the memory. After the memory write and 
subsequent read, the new data are complemented and 
stored in the data input latch. The error in location 5 
remains in the data. A new set of check bits is generated 
from the data in the data input latch and compared with 
that in the check bit input latch, producing the syn- 
drome word 110001 (31 HEX), which corrects the 
remaining error. 

A detected double-bit error followed by a double 
complement correct cycle is properly reported as to ini- 
tial error type. If the detected errors were both soft, for 
example, no change would occur in the data or check 
bit, and the ECC device error flags would again report a 
double-bit error. If, after the second read and comple- 
ment, the error flags still report a single-bit error, the 
hard error (of a hard and soft combination) has been 
corrected and only the soft error remains. Of course, the 
single remaining error will be corrected in the normal 
manner by the ecc device. In the case of a double hard 
error, the error flags will report a no-error condition 
following the second read cycle, indicating that both er- 
rors were corrected and that the data are valid. 
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SPECIAL REPORT ON MEMORY SYSTEMS DESIGN 


SIMPLIFICATION OF 2-BIT 
ERROR CORRECTION 


Bit by bit, errors can be detected and eliminated through 
the use of an error matrix 


by Bob Nelson 


A computer-generated code, which generally obeys the 
rules attributed to the Hamming code and many of 
its variations, can be used to extend error detection 
and error correcting efficiency in an error checking and 
correction system. Such a code has been implemented 
by National Semiconductor on the DP8400, an expand- 
able error checking and correction device packaged in 
a 48-pin dual inline package. The DP8400 can be used in a 
minimum hardware implementation of a 2-bit error cor- 
rection system which will serve as an introduction to the 
rotational syndrome word generator, and also lead the 
way to expanding the error correcting capabilities even 
furfher. 

Syndrome words 

The code used in an error checking and correction (ecc) 
system designed to correct 1-bit errors and detect 2-bit 
errors for 16-bit data words may be viewed as a 16x6 
matrix (Fig 1). The matrix describes the error locations 
and the syndrome bit positions so that the upper left bit 
of the matrix defines the least significant bit (LSB) for 
both the error locations and the syndrome bit locations. 
Each vertical column of the matrix contains the syn- 
drome word (syndrome bits) for that error location in 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 
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the data word. For any number of errors, the syndrome 
word generated by presenting the data word to the ma- 
trix is the exclusive or (xor) of the syndrome words 
defined by the error positions. To correct an error, the 
location of the error must be uniquely identified, and 
thus the 16 vertical columns must each be unique. A 
modified Hamming code generates a unique syndrome 
word for every possible data bit error location and 
hence may be referred to as a syndrome word generator. 

Using syndrome words containing an odd number of 
Is is the most common “modification” to the Hamming 
code. By ensuring that the syndrome words (vertical col- 
umns in the matrix) contain either three or five Is, all 
applicable error conditions may be defined by counting 
the syndromes. The absence of a syndrome (ie, a syn- 
drome containing all Os and no Is) indicates no error; an 
odd number greater than one (3 or 5 in this case) defines 
the location of a single-bit error. Any simultaneous 
double error will provide a syndrome word containing 
an even number of Is greater than zero, while a single 1 
in the syndrome word is indicative of a failure in the 
check bit portion of memory. 

The rotational syndrome word generator described 
here also contains an odd number of Is in each syn- 
drome word. One additional characteristic common to 
both the Hamming code and most of its modified ver- 
sions is that byte parity is an integral part of the matrix 
itself. However, the code implemented in the DP8400 ecc 
device and discussed here does not consider byte parity, 
or word parity, as a part of the code itself. 

A 2-bit error correction system may be implemented 
in either of two ways. A code designed to allow 2-bit 
error correction may be used, or an existing single-bit 
error correct code may be extended by adding a second, 
different code which will ensure that each syndrome 
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111111 

0123456789012345 
LSB error locations MSB 


0011111101110111 LSB 0 

0001001011010111 I 1 

1 0 01 100010101 1 1 1 syndrome 2 

01 100001 1 110101 1 words 3 

110 0 010110010101 | 4 

1110111010001110 MSB 5 


Fig 1 DPS400 generates unique syndrome word to indicate 
single-bit error position. Generated syndrome word 
containing all Os means there is no error in data word. 

word generated for any two error locations will be 
unique. Thus, a secondary, and different, 16x6 matrix 
connected to the primary matrix to form a 16 x 12 
matrix will allow double-bit error correction if the XOR 
of the two 12-bit syndrome words produces a unique 
word for any two error locations. 

Second matrix 

The definition of an ECC matrix requires specifying a 
correspondence between error locations and syndrome 
words that defines the error location for each set of 
single-error syndromes. If a matrix is resequenced Such 
that any error location corresponds to a syndrome word 
different from the original (primary) matrix, a second 
matrix has been created. For a 16-bit ECC matrix, 161, 
or 2.092279 x 10 A 13, different codes exist. If a second 
code exists such that when it is combined with the first 
code (each containing the same syndrome words, but in 
a different sequence), a unique, larger syndrome word is 
generated for any two error locations, then an expand- 
able code has been created (Fig 2). 

The matrix, or code, used in the DP8400 device is 
defined such that if a second matrix, identical to the 
first but shifted by one bit position, is combined with 
the first, it would form just such a larger matrix. This 
matrix is fully rotational in that the secondary matrix 
need only be rotated, or shifted one error bit position to 
the left or right with respect to the primary matrix, to 
form larger, unique syndrome words regardless of the 
assigned correspondence of the primary matrix. 
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Fig 2 Code in dpmoo can be expanded by adding second 
device with code shifted by one bit position. Note that 
bottom six bits of each column are identical to top six bits 
in column to immediate right. 


Implementation of this code in the DP8400 allows the 
data word size to be extended beyond 80 bits, using one 
device for each additional 16-bit word or portion 
thereof. The code function as a rotational syndrome 
word generator exists for all these defined word widths 
(Fig 3). 

In addition to the rotational syndrome word genera- 
tor, the dpmoo has two important features that permit 
an easy implementation of a 2-bit error correction 
system. During a memory read, the error indicating syn- 
dromes can be accessed directly by outputting them to 
the syndrome input/output (I/O) ports; syndrome can 
also be presented to the syndrome I/O ports to be xoRed 
with the internally generated syndromes inside the 
DP8400. The internal syndrome decoder is provided with 
the result. „ 


Error locations ► 0 and 1 

produce 

HEX syndrome word * E34 ( + ) A78 = 44C 

but 

Error locations * 2 and 4 

produce 

HEX syndrome word * 1E9 ( + ) C65 = DSC 


Fig 3 Unique syndrome is produced for each pair of error 
locations which is xou of the locations. That syndrome can 
be decoded to identify pair in error. 

If, for example, the internally generated 2-bit error 
syndromes are xoRed with externally provided syn- 
dromes, representing one of the bits in error, the 
resulting syndromes representing the unknown error 
will be presented to the internal syndrome decoder. 
Once the unknown error is corrected, the data can be 
output to the data bus. The apparently correct data 
return zero syndromes (those containing all Os) which, 
when xoRed with the syndromes being injected, pro- 
duce the syndromes representing the unknown error and 
present them to the syndrome decoder. This second 
error can then be corrected. 


Using syndrome words containing an 
odd number of Is is the most common 
* 'modification* * to the Hamming code. 

As described, the DP8400 is implemented for a 16-bit 
system. This “primary” ECC device will provide at its 
syndrome I/O pins the primary, or least significant six, 
syndrome bits of an extended matrix ECC system. A 
"secondary” ECC device is interfaced to the memory 
system with the data pin-to-system data bit correspon- 
dence rotated by one bit position, thus producing the 
extended matrix just described. The second device re- 
quires a second set of check bits; these secondary, or 
most significant six, syndrome bits are provided by the 
second DP8400. 

The resulting 12-bit syndrome word can be externally 
decoded to provide the syndromes to be injected to 
effect 2-bit error correction. In system use, the exter- 
nally decoded syndromes will be stored in a register. 
After the syndrome I/O port of the primary ECC device 
has been “turned around,” the register outputs are 
enabled to allow syndrome injection. 
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Each of the DP8400 devices provides a set of error 
flags. Since each device maintains an independent check 
bit field in memory, errors occurring within a given 
check bit field are easily and quickly determined. If the 
errors, regardless of number, are confined solely to the 
check bit field of one of the devices, a no-error condi- 
tion will be indicated. 

The syndrome word generated by this system is unique 
for any combination of 2-bit data errors; both devices 
see an even number, greater than zero, of Is in the syn- 
drome word (Fig 4). For 2-bit errors involving one data 
bit and one check bit in either the primary or secondary 
check bit fields, the DP8400S report an even, greater than 
zero, and odd number of Is in the syndromes; again, the 
syndromes are unique. The remaining type of 2-bit 
error, that in which both errors occur in either the 
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Fig 4 Number and type of errors can be determined by 
looking at combination of even or odd numbers of Is in the 
primary and secondary check bit fields. 

primary or secondary check bit fields, produces its own 
unique syndrome word. However, since one DP8400 
reports an even number of Is in its syndrome word and 
the other reports all Os, the data are known to be valid. 
In addition, in this particular 2-bit error correct system, 
nfearly half of the 3-bit errors result in unique syndrome 
words and are therefore correctable as well. 

Decoding the syndromes 

A programmable read only memory (PROM) or electri- 
cally programmable read only memory (eprom) is 
required as an external syndrome decoder for this 2-bit 
error correction system. The prom address inputs are 
provided by the 12 syndrome bits generated by the two 
ecc devices. The least significant six bits of the PROM 
output byte provide, when required, the syndrome bits 
for subsequent injection into the primary DP8400. The 
remaining two bits of the prom output byte provide 
flags defining the type of error and the contents of the 
six LSBs of the prom output byte [Fig 5(a)]. 

The DP8400’s error flags provide initial error deter- 
mination; if an error that is not a single-bit error occurs, 
the external syndrome decoder will provide further error 
determination. Some types of error do not require syn- 
drome injection and are referred to as “zero-pass” cor- 
rectable errors. An example of such an error is one with 
a data bit and a secondary check bit in error. This type 
of error is corrected by the primary ecc device. An 
error type that requires “one-pass” correction is one 
with two data bits in error. In this case, syndromes rep- 
resenting a known error are injected into the DP8400, 


allowing correction of the unknown error. The re- 
maining single error is then corrected. 

The remaining error type, the “two-pass” error, can 
sometimes be a correctable 3-bit error. The syndromes 
representing a 2-bit error condition are injected, 
allowing correction of one error. The remaining 2-bit 
error produces a new set of syndromes which requires 
external (second-pass) decoding to produce a set of 
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Fig 5 When a PROM is used as external syndrome decoder, 
its output byte can supply additional data about the error 
and how it is to be most efficiently corrected. 


SYSTEM 

DATA 

BUS 



Fig 6 A 2-bit ecc system can be implemented with two 


dpmoos, a 4k-byte prom for external syddrome decoding, 
and a register for temporary storage of syndromes error 
data. Note that the altered sequence of the lines from the 
secondary dpmoo reflects the bit rotation needed to expand 
the unique matrix. 



7-129 


Simplification of 2-Bit Error Correction 










Simplification of 2-Bit Error Correction 


************************************************************** 

1 DC16 AROM. BAS ' Bob Nelson - Sunnyvale CA - 9/15/81 

This program generates the syndrome decoder ROM code for 
use in implementing a primary syndrome injection two bit 
correction code generated by a single bit left rotation 
of the secondary matrix. The primary is a Rotational 

Syndrome Generator as defined by National Semiconductor 
in the DP8400. The LPRINT routine may. be replaced with a 
FILE generator or OUTP routine to facilitate the use of a 
PROM/EPROM programmer. . 

k************************************************************* 


DEFINT A- Z :DIM SYND(16), PRI(16), ROM(4096,1) 

READ A: B=A: FOR C=0 TO 14 : READ D: SYND(C ) =D*64+A: PRI (C ) =A: A=D . 

NEXT: SYND( 15)=B*64+A:PRI(15)=D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19(44,55,47,31: 'NSC 80F/2 MATRIX 
ROM{0,1)=224: FOR A=1 TO 409 5 : ROM( A, 1 ) =184 : NEXT 

FOR A=0 TO 13 : FOR B=A+1 TO 14:F0R C=B+1 TO 15 '300 - 560 

AD=SYND( A) XOR SYND(B) XOR SYND (C ) : AE=PRI (A) XOR PRI(B) 

IF ROM(AD,l) =184 THEN ROM (AD, 1 ) =AE+64 ELSE ROM( AD, 1 ) =18 3 
NEXT: NEXT: NEXT 

FOR A=0 TO 14: FOR B=A+1 TO 15 '200 - 120 

AD=SYND(A) XOR SYND ( B ) : ROM{ AD, 1 ) =PRI ( A) 

FOR C=0 TO 5 : P = 2 A C '201 - 720 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD- P 

IF (PRI (A) AND P)=0 THEN AF=PRI (A)+P+64 ELSE AF=PRI ( A ) -P+64 
IF ROM ( AE , 1 ) = 1 8 4 THEN ROM(AE,l)=AF ELSE ROM( AE , 1 ) =183 
NEXT 

FOR C=0 TO 5 : S = 64 *2 A C '210 - 720 

IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD- S 

IF ROM ( AE , 1 ) = 1 8 4 THEN ROM( AE , 1 ) =PRI ( A) ELSE ROM( AE , 1 ) =18 3 
NEXT: NEXT: NEXT 

FOR A=0 TO 15 : AD=SYND ( A ) : ROM ( AD , 1 ) =228 '100 - 16 

FOR B=0 TO 5 : P = 2 A B '101 - 96 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
ROMCAE, 1 ) =205 

FOR' C=B+1 TO 5 : P = 2 A C '10 2 - 240 

IF (AE AND P)=0 THEN AF=AE+P ELSE AF=AE-P 

IF ROM (AF,1)=184 THEN ROM ( AF , 1 ) =213 ELSE ROM ( AF , 1 ) =1 8 3 

NEXT:NEXT 

FOR B=0 TO 5 : S = 64* 2 A B '110 - 96 

IF (AD AND S ) =0 THEN AE=AD+S ELSE AE=AD-S 
ROM( AE, 1 ) =238 

FOR C=B+1 TO 5 : S = 64 * 2 A C '120 - 240 

IF (AE AND S)=0 THEN AF=AE+S ELSE AF=AE- S 

IF ROM ( AF , 1 ) = 1 8 4 THEN ROM( AF , 1 ) =24 5 ELSE ROM ( AF , 1 ) =18 3 

NEXT:NEXT 

FOR B=0 TO 5 : P = 2 A B : FOR C=0 TO 5:S=64*2 A C '111 - 596 

IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
IF (AD AND S)=0 THEN AE=AE+S ELSE AE=AE-S 
FOR D=0 TO 5 : E=2 A D ' 

IF ROM(AE,l)=D THEN ROM ( AE , 1 ) = 18 3 :GOTO 3540 
IF ROM ( AE , 1 ) = 1 8 4 THEN ROM(AE,l)=P 
NEXT D 

NEXT C:NEXT B:NEXT A • ■ ' 

FOR A=0 TO 5: FOR B=0 TO 5 ’011-36 

AD=2 A A+64*2 A B: ROM ( AD, 1 ) =235 

FOR C=A+1 TO 5 : AE=AD+2 A C ’012 - 90 

IF ROM ( AE , 1 ) = 1 8 4 THEN ROM ( AE , l ) = 24 3 ELSE ROM( AE , 1 ) =18 3 

NEXT 

FOR C=B+1 TO 5 : AE=AD + 64 * 2 A C '021 - 90 

IF ROM ( AE , 1 ) = 1 8 4 THEN ROM( AE , 1 ) =24 3 ELSE ROM( AE, 1 ) =183 
NEXT: NEXT: NEXT 

FOR A=0 TO 5: AD=2 A A:ROM( AD, 1 ) =225 '001 - 6 

FOR B=A+1 TO 5 : AE=AD+ 2 A B : ROM( AE , 1 ) =233 '002 - 15 

FOR C=B+1 TO 5 : AF=AE+2 A C '003 - 20 

IF ROM ( AF , 1 ) = 1 8 4 THEN ROM ( AF , 1 ) =24 1 
NEXT: NEXT: NEXT 

FOR A=0 TO 5 : AD=64*2 A A: ROM{ AD, 1 ) =226 '010 - 6 

FOR B=A+1 TO 5 : AE=AD+64 *2 A B: ROM( AE , 1 ) =234 '020 - 15 

FOR C=B+1 TO 5 : AF=AE+6 4*2 A C '030 - 20 

IF ROM ( AF , 1 ) = 1 8 4 THEN ROM! AF , 1 ) =24 2 
NEXT: NEXT: NEXT 

B=0 :C=0 : FOR A=0 TO 409 5 : HS =HEX$ ( ROM( A, 1 ) ) : 'LPRINT ARRAY 

B=B+1 :C=C+1 : IF LEN(H$)=1 THEN H$="0"+H$ 

LPRINT USING "\ V';H$;:IF C< >16' THEN 3770 

C=0: LPRINT" " ; HEX $ ( A ) 

IF B< >256 THEN 3790 
B=0: LPRINT: LPRINT 
NEXT 
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t**************************************************************** 

'*** ' DC16AMAP. BAS 1 Bob Nelson - Sunnyvale CA - 9/15/81 

'*** This program generates the syndrome maps for a primary 

'*** syndrome injection implementation of a 16 bit word two 

'*** bit error correct system utilizing a Rotational Syndrome 

•*** Word Generator as implemented in the DP8400 by National 

'*** Semiconductor. These maps are based on single bit left 

' *** rotation of the secondary matrix. The 'c' and * d * notes 

'*** in the maps denote non-cor rec table and non-detectable 

' *** three bit error conditions 

I**************************************************************** 


*** 

*** 

*** 

*** 

***** 


DEFINT A- Z : D I M SYND(16 ) ,PRI (16 ) ,ROM( 1132,1) : P$=" PRIMARY" : S$ =" SECONDARY " 
READ A: B=A: FOR C=0 TO 14 : READ D : SYND ( C ) = D*6 4+A: PR I ( C ) =A: A=D 
NEXT: SYND( 15 ) =B*64+A:PRI ( 15 ) =D 

DATA 52,56,41,7,37,49,35,25,62,11,13,19,44,55,47,31: 'NSC 80F/2 MATRIX 

LPRINT "ONE DATA ERROR SYNDROME MAP" : LPRINT 

FOR A=0 TO 15 : LPRINT USING"##" ; A; : LPRINT" :NEXT: LPRINT: LPRINT 
FOR A=0 TO 15 : LPRINT HEX$ ( SYND( A) ) ; “ NEXT: LPRINT 
FOR A=1 TO 4: LPRINT: NEXT 

LPRINT" TWO DATA ERROR CORRECT SYNDROME MAP": LPRINT 

FOR A=1 TO 15: LPRINT USING" ##"; A; : LPRINT" :NEXT: LPRINT: LPRINT 

FOR A=0 TO 14: FOR B=A+1 TO 15 : AD=SYND( A ) XOR SYND(B) *200 - 120 

ROM( X , 1 ) =AD: H$=HEX$ ( AD ) : IF LEN(H$)=2 THEN H$="0"+HS 

LPRINT H$ ; " " ; :X=X+1:NEXT B: LPRINT USING"###" ;A 

LPRINT TAB ( ( A+l ) *5+1 ) ; :NEXT A: FOR A=1 TO 4 : LPRINT: NEXT 

FOR A=0 TO 5: S=64*2 A A:FOR B=0 TO 5:P=2 A B:FOR C=0 TO 15 '111 - 576 

AD=SYND ( C ) : IF (AD AND P)=0 THEN AD=AD+P ELSE AD=AD-P 
IF (AD AND S ) =0 THEN AD=AD+S ELSE AD=AD- S 
ROM(X,l) =AD:X =X + 1: NEXT: NEXT: NEXT: A$=" " 

LPRINT"ONE DATA, ONE PRI , ONE SEC CHECK ERROR SYNDROME MAPS ": LPRINT 
LPRINT: X = 120.: FOR A=0 TO 5 : LPRINT" SECONDARY CHECK BIT" ; A: LPRINT 
FOR F=0 TO 15: LPRINT USING" ##"; F; : LPRINT" ";:NEXT F: LPRINT: LPRINT 
FOR B=0 TO 5: FOR C=0 TO 15: FOR E=0 TO 119 

IF ROM ( E , 1 ) =ROM ( X , 1 ) THEN A$="d" : E0=E0+1 :GOTO 1370 ELSE NEXT E 
FOR D=120 TO 695: IF D=X THEN D=D+1 

IF ROM ( D , 1 ) =ROM ( X , 1 ) THEN A§="c" : E2=E2+1 ELSE NEXT D 
H$=HEX$ ( ROM ( X , 1 ) ) : I F LEN(H$)=2 THEN H$="0"+H$ 

LPRINT H$;A$; :X=X+1:A$=" " :NEXT C: LPRINT USING" ####"; B 
NEXT B: LPRINT: LPRINT:NEXT A 

LPRINT" 576 ONE DATA, ONE PRI, ONE SEC CHECK errors are possible." 

LPRINT E0;"TOO DATA errors are not detectable. LPRINT E2; 

LPRINT "ONE DATA, ONE PRI, ONE SEC CHECK errors are not correctable." 
LPRINT 100*( ( 576- E0 )/576 ) :" PERCENT DETECT - 
LPRINT 100* ( (576-E0-E2)/576; "PERCENT CORRECT" 

FOR A=1 TO 4 : LPRINT: NEXT: EA=E0 :E0=0:EC=E2:E2=0 


X=0 : FOR A=0 TO 15 : AD=SYND ( A ) : ROM ( X , 1 ) =AD : X 

=X + 1 : NEXT 

’100 - 

16 

FOR A=0 TO 5 : P=2 A A: FOR B=0 TO 5:S=64*2 A B 
AD=P+S : ROM ( X , 1 ) =AD: X =X + 1 : NEXT -.NEXT 


'011 - 

36 

FOR A=0 TO 15: FOR B=A+1 TO 15: FOR C=B+1 TO 
AD=SYND(A) XOR SYND(B) XOR SYND(C) 

15 

'300 - 

560 

ROM(X,l )=AD:X =X+1: NEXT: NEXT: NEXT 

FOR A=0 TO 5 : P0=2 A A: FOR B=A+1 TO 5:P1=2 A B 


'102 - 

240 


FOR C=0 TO 15: AD=SYND(C) : IF (AD AND P0)=0 THEN AD=AD+P0 ELSE AD=AD-P0 
IF (AD AND P1)=0 THEN AD=AD+P1 ELSE AD=AD-P1 
ROM ( X , 1 )= AD: X=X+1 : NEXT: NEXT: NEXT 

FOR A=0 TO 5:S0=64*2 A A: FOR B=A+1 TO 5:S1=64*2 A B '120 - 240 

FOR C=0 TO 15 : AD=SYND(C ) : IF (AD AND S0)^0 THEN AD=AD+S0 ELSE AD=AD-S0 
IF (AD AND Sl)=0 THEN AD=AD+S1 ELSE AD=AD-S1 
ROM (X,1)=AD:X=X+1: NEXT: NEXT: NEXT 

LPRINT" THERE DATA BIT ERROR SYNDROME MAPS" : LPRINT: LPRINT 

X = 52 : A? = " " : FOR A=0 TO 1 3 : LPRINT "DATA bi t" ; A: LPRINT 

FOR D=A+2 TO 15-.LPRINT USING" ##"; D; : LPRINT" :NEXT: LPRINT: LPRINT 

FOR B=A+1 TO 14: FOR C=B+1 TO 15: FOR E=16 TO 51 . 

IF ROM ( E , 1 ) =ROM ( X , 1 ) THEN A$="d " : E0=E0+1 :GOTO 1690 ELSE NEXT E 
FOR F=612 TO 1091 

IF ROM ( F , 1 ) =ROM ( X , 1 ) THEN A$="c " :E1=E1+1 :GOTO 1690 ELSE NEXT F 
FOR G=52 TO 611: IF G=X THEN G=G+1 

IF ROM(G , 1 ) =ROM( X , 1 ) THEN AS="c ”:E2=E2+1 ELSE NEXT G 
H$ =HEX $ ( ROM ( X , 1 ) ) : I F LEN(H$)=2 THEN H$=”0"+HS 
LPRINT H$;A$; :X=X+1:A$=" " :NEXT C:LPRINT USING "###"; B 

LPRINT TAB ( ( B- A) *5+1 ) ; :NEXT B: LPRINT: LPRINT: NEXT A 
LPRINT"560 THREE DATA BIT errors are possible. ": LPRINT E0; 

LPRINT"ONE PRI, ONE SEC CHECK errors are not de tec table .": LPRINT El; 
LPRINT"ONE DATA, TWO PRI or TWO SEC CHECK errors are not correctable. 11 
LPRINT E2;"THREE DATA BIT errors are not correctable." 

LPRINT 100* ( (560-E0J/560) ; "PERCENT DETECT - 
LPRINT 100*( (560-E0-El-E2)/560), -"PERCENT CORRECT" 

FOR A=1 TO 4 : LPRINT:NEXT A: EA=EA+E0 : EB=EB+El : EC+EC+E2 

LPRINT"ONE DATA, TWO PRIMARY CHECK ERROR SYNDROME MAPS" : LPRINT: LPRINT 
AS =" " :E0=0:El=0:E2=0:FOR A=0 TO 4 : LPRINT" PRIMARY check b i t" ; A: LPRINT 
FOR F=0 TO 15 : LPRINT USING "##",- F; : LPRINT" ”;:NEXT F: LPRINT: LPRINT 
FOR B=A+1 TO 5 : FOR C=0 TO 15:FOR E=852 TO 1091 
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1830 FOR F=52 TO 611 

1840 IF ROM ( F , 1 ) =ROM ( X , 1 ) THEN A? =" c" : E2=E2+1 :GOTO 1860 ELSE NEXT F 
1850 IF ROM { E / 1 ) =ROM ( X , 1 ) THEN A? =" c" : El-El+1 ELSE NEXT E 
1860 H$ =HEX$ ( ROM( X , 1 ) ) : I F LEN(H$)=2 THEN H?="0"+H? 

1870 LPRINT H? ; A? ; : X =X+1 : A$ =" " :NEXT C:LPRINT USING 
1880 NEXT B: LPRINT: LPRINT: NEXT A 

1890 LPRINT" 240 ONE DATA, TWO PRIMARY CHECK errors are possible." 

1900 LPRINT El ; "ONE DATA, TWO SECONDARY CHECK errors are not correctable." 
1910 LPRINT E2;"THREE DATA BIT errors are not correctable." 

1920 LPRINT" 100 PERCENT DETECT - 100* (( 240-E1-E2 )/240 ); "PERCENT CORRECT" 

1930 FOR A=1 TO 4 : LPRINT:NEXT A: EB=EB+E1+E2: El=0 : E2=0 

1940 LPRINT" ONE DATA, TWO SECONDARY CHECK ERROR SYNDROME MAPS":LPRINT 

1950 LPRINT : FOR A=0 TO 4 : LPRINT" SECONDARY check bi t" ; A: LPRINT 

1960 FOR F=0 TO 15: LPRINT USING "##" ;F; : LPRINT" " ;:NEXT F: LPRINT: LPRINT 

1970 FOR B=A+1 TO 5: FOR C=0 TO 15: FOR E=612 TO 851 

1980 FOR F = 5 2 TO 611 

1990 IF ROM ( F , 1 ) =ROM ( X , 1 ) THEN A?="c” : E2=E2+1 :GOTO 2010 ELSE NEXT F 
2000 IF ROM ( E , 1 ) =ROM ( X , 1 ) THEN A? =" c" : El =El+l ELSE NEXT E 
2010 H? =HEX $ ( ROM ( X , 1 ) ) : I F LEN(H?)=2 THEN H$="0"+H$ 

2020 LPRINT H? ; A? ; : X =X+1 : A?=" “ :NEXT C:LPRINT USING "####” ;B 
2030 NEXT B: LPRINT: LPRINT:NEXT A' 

2040 LPRINT" 240 ONE DATA, TWO SECONDARY CHECK errors are possible." 

2050 LPRINT El;"ONE DATA, TWO PRIMARY CHECK errors are not correctable." 

2060 LPRINT E2; "THREE DATA BIT errors are not correctable." 

2070 LPRINT" 100 PERCENT DETECT - 100* (( 240-E1-E2 )/240 ); "PERCENT CORRECT" 

2080 FOR A=1 TO 4 : LPRINT:NEXT A: EB=EB+E1+E2 : A? =" ":C0=1:C1=64 

2090 IF W=1 THEN P? =" SECONDARY" : S? = " PRIMARY" :C0=64 :C1=1 

2100 X =0 : FOR A=0 TO 15 : AD = SYND { A ) : FOR B = 0 TO 5:P=C0*2 A B ’101/110 - 96 

2105 IF (AD AND P)=0 THEN AE=AD+P ELSE AE=AD-P 
2110 ROM ( X , 1 ) =AE :X=X+1:NEXT B: NEXT A 

2120 FOR A=0 TO 5 : S=C 1 * 2 A A: FOR B=0 TO 15:FOR C=B+1 TO 15 ’210/201 - 720 

2130 AD=SYND(B) XOR SYND(C):IF (AD AND S)=0 THEN AE=AD+S ELSE AE=AD-S 
2140 ROM ( X , 1 ) =AE :X=X+1:NEXT C:NEXT B : NEXT A 

2150 FOR A=0 TO 5 : AD=C1* 2 A A: FOR B=0 TO 4 : AE=AD+C0*2 A B ’012/021 - 90 

2160 FOR C=B-t-l TO 5 : ROM( X , 1 ) =AE+C0* 2 A C : X =X+1 :NEXT: NEXT: NEXT 
2170 A?=' " : LPRINT" TOO DATA, ONE ";:LPRINT S?; 

2180 LPRINT" CHECK ERROR SYNDROME MAPS" : LPRINT : LPR INT 
2190 X=96:E0=0:El=0:E2=0:FOR A=0 TO 5:LPRINT S$; 

2200 LPRINT" check b i t” ; A: LPRINT 

2210 FOR F=1 TO 15: LPRINT USING" ##"; F; : LPRINT” ";:NEXT F: LPRINT: LPRINT 
2220 FOR B=0 TO 14:FOR C=B+1 TO 15, -FOR D=0 TO 95 

2230 IF ROM ( D , 1 ) =ROM ( X , 1 ) THEN AS=”d " : E0=E0+1 :GOTO 2280 ELSE NEXT D 
2240 FOR G=96 TO 815: IF G=X THEN G=G + 1 

2250 IF ROM(G , 1 ) =ROM( X , 1 ) THEN A$="c " : E2=E2+1 :GOTO 2280 ELSE NEXT G ' 

2260 FOR E=816 TO 905 > 

2270 IF ROM ( E , 1 ) =ROM ( X , 1 ) THEN A$=”c ":E1+E1+1 ELSE NEXT E 
2280 H $ =H EX $ ( ROM ( X , 1 ) ) : I F LEN(HS)=2 THEN H?="0"+H?. 

2290 LPRINT H? ; A?; :X=X+1:A$=" " :NEXT C:LPRINT USING" ####"; B 

2300 LPRINT TAB ( ( B+l ) * 5 + 1 ) ; :NEXT B : LPRINT : LPRINT : NEXT A 
2310 LPRINT" 720 TOO DATA, ONE LPRINT MI D$ ( S$ , 1 , 3 ) ; 

2320 LPRINT" CHECK errors are possible." 

2330 LPRINT E0;"ONE DATA, ONE ";:LPRINT MID? ( P$ , 1 , 3 ) ,- 

2340 LPRINT" CHECK errors are not detec table .": LPRINT El;"TWO 

2350 LPRINT MID? ( P$ , 1 , 3 );: LPRINT" , ONE LPRINT MID? ( SS , 1 , 3 ) ; 

2360 LPRINT" CHECK errors are not correctable." 

2370 LPRINT E2;”TWO DATA, ONE ”;:LPRINT MID? ( S? , 1 , 3 ) ; 

2380 LPRINT" CHECK errors are not correctable.” 

2390 LPRINT 100 *(( 720-EO )/720 );" PERCENT DETECT - "j 
2400 LPRINT 100* (( 720-E0-E1-E2 )/720 PERCENT CORRECT" 

2410 FOR A=1 TO 4 : LPRINT: NEXT: EA=EA+E0 : EB=EB+E1 : EC=EC+E2 

2420 LPRINT" TWO ";:LPRINT MID? ( P$ , 1 , 3 );: LPRINT" , ONE ";:LPRINT MID? ( S? , 1 , 3 ) ; 
2430 LPRINT" CHECK ERROR SYNDROME MAPS" : LPRINT: LPRINT 
2440 X=816 : E0=0 : E1=0 : E2=0 : FOR A=0 TO 5:LPRINT S?; 

2450 LPRINT" check bi t" ; A: LPRINT 

2460 FOR F=1 TO 5: LPRINT USING ”##" ;F; : LPRINT" ”;:NEXT F: LPRINT: LPRINT 
2470 FOR B-0 TO 4 : FOR C=B+1 TO 5 

2480 FOR D=96 TO 815:IF ROM ( D , 1 ) =ROM ( X , 1 ) THEN A?=”c ":E1=E1+1 ELSE NEXT D 
2490 H? =HEX ? ( ROM ( X , 1 ) ) : IF LEN(H?)=2 THEN H?="0"+H? 

2500 LPRINT H? ; A? ; : X=X + 1 : A? =’’ " :NEXT C:LPRINT USING"##";B 

2510 LPRINT TAB( (B+l ) *5+1 ) ; :NEXT B: LPRINT: LPRINT: NEXT A:LPRINT”90 TWO 

2520 LPRINT MID? ( P? , 1 , 3 );: LPRINT” , ONE ";:LPRINT MI D? ( S? , 1 , 3 ) ; 

2530 LPRINT" CHECK errors are possible. ”: LPRINT El; "TWO DATA, ONE 
2540 LPRINT MID? ( S? , 1 , 3 );: LPRINT" CHECK errors are not correctable.” 

2550 LPRINT" 100 PERCENT DETECT - "; 100* (( 90-El ) /90 );" PERCENT CORRECT" 

2560 FOR A=1 TO 4 : LPRINT : NEXT A: EA=EA+E0 : EB = EB+E1 : EC =EC+E2 
2570 IF W=0 THEN W=l:GOTO 2090 
2580 FOR A=1 TO 4 : LPRINT:NEXT 

2590 LPRINT" 3290 THREE BIT ERRORS (all types) are possible." 

2600 LPRINT EA;"o£ these errors cannot be detected." 

2610 LPRINT EB+EC;"of these errors cannot be located." 

2620 LPRINT 100 *(( 3290-EA) /3 290 );" PERCENT DETECT - ” ; 

2630 LPRINT 100 *(( 3290-EA- EB- EC )/3290 );’’ PERCENT CORRECT" 
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single-bit error syndromes. The error status at this point 
is that of a “one pass” error, and correction proceeds 
accordingly. 

When a zero-pass error or a noncorrectable error 
occurs, the six lsbs from the PROM provide additional 
information. For example, a hexadecimal coded output 
from the prom [Fig 5(b)] defines a 2-bit error in which 
one bit in error is a data bit and the other a primary 
check bit. The primary ECC device detects a 2-bit error 
while the secondary device detects only the data bit in 


Some types of error do not require 
syndrome injection and are referred to 
as “zero-pass” correctable errors. 

error. Bit 5 of the prom output directs the secondary 
device to output corrected data to the system. In most 
cases, bit 5 is a 1, and corrected data are output from 
the primary ECC device. Bits 0 through 4 of the PROM 
output define the error type and the number of bits in 
error (Fig 6) when the MSB (bit 7) is a 1 . When the MSB is 
a 0, syndromes are required for correction, and bits 0 
through 5 represent those syndromes. 


The first of the two programs provided here is called 
“DC16AROM.BAS,” and is a listing in hexadecimal 
representing the contents of the syndrome decoding 
prom. The file may be presented to an output port for 
loading a prom programmer if minor program changes 
are made. The second program, called “DC16AMAP.BAS,” 
generates all the required syndrome maps, which 
include flags for all correctable 3-bit errors. These 
programs were written in Microsoft Basic and are 
compilable. 
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SYSTEM jjBjHj/MMM WW 

EFFORTLESS ERROR 
MANAGEMENT 

Basic application of error management techniques is 
based on error history, including the double complement 


error correction cycle 


by Bob Nelson 


W hen implemented only in hardware, error 
management is generally limited to simple error 
logging. In most systems, error logging hardware 
is designed to capture the location of one error and use 
this information for maintenance purposes. In more 
sophisticated systems, however, software extends the 
error management function: after hardware obtains . 
error information, data are accumulated on disk to 
expand storage capacity for information relating to 
error locations. Beyond the error information storage 
function of error management, which is useful for 
maintenance, some systems implement a correction pro- 
cedure based on error history. If two errors occur in a 
memory word where an error has previously occurred, it 
is likely that both errors can be corrected. The basic 
error management system described in this article will 
provide a high correction rate for all 2-bit errors, except 
when two soft errors simultaneously occur in a memory 
word with no error history. 

Error management system 

The error management system comprises the central 
processing unit (CPU), the system memory, an error 
checking and correction (ecc) device, and an error 
management unit (emu). The CPU is a 16-bit machine 


Bob Nelson is responsible for digital systems 
applications and new product definition at National 
Semiconductor Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. His engineering career began at the 
Burroughs Corp, where he worked on semiconductor 
memory systems and system interface design for large 
mainframe computers. Mr Nelson completed his basic 
engineering studies at Citrus College, Azusa, Calif, 
following undergraduate work at Pasadena City 
College. 


and requires commensurate memory. Actual memory, 
including the six check bits that the ecc device requires, 
is 22 bits wide. The ecc device is based on the DP8400 
monolithic ecc unit manufactured by National Semi- 
conductor. The emu is a hypothetical device that can be 
implemented in hardware, partially or entirely, depending 
on system requirements. 

The DP8400 provides several functions and features 
that allow easy implementation of a minimum hardware 
error management system. Error indicating syndrome 
words must be available to the emu directly and syn- 
drome injection capability must exist. (See “Simplifica- 
tion of 2-Bit Error Correction,” Jan 1982, pp 127-136, 
for a discussion of the DP8400’s syndrome input/output 
ports.) The DP8400 also provides the hardware required 
to perform a double complement correct cycle. Error 
flags must be provided to discriminate between 2-bit 
and detectable 3-bit errors; the DP8400 provides three 
such flags to include this function. 

Vertical columns in the matrix shown in Fig 1 repre- 
sent the single data bit error indicating syndrome 
words. A double data bit error syndrome word results 
from exclusive ORing (xor) the two single-bit error 
indicating syndrome words that correspond to the 
bit locations in error. A detectable triple data bit syn- 
drome word is any one of the ten syndrome words, not 
included as part of the matrix, which contains either 
three or Five Is. Syndrome words that represent check 
bit errors contain Is in the syndrome word bit positions 
corresponding to the check bits in error, and Os in the 
remaining bit positions. An error condition involving 
the data and check bit fields provides a syndrome word 
that represents the data bit(s) in error, xoRed with a 
syndrome word representing the check bit(s) in error. 

Error management unit 

The emu is memory intensive and uses memory in the 
form of an associative stack. Three Fields constitute 
each of the 16 words in the stack: the 8-bit address field, 
which is the associative portion of the word; the 2-bit 
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Fig 1 dpmoo syndrome word generator. Presenting errors to 
unique matrix produces syndrome words. 

tag field; and the 6-bit syndrome field (Fig 2). The pointer 
addresses the stack. The emu also contains a syndrome 
comparator, a temporary syndrome register, and a tag 
bit attribute register and comparator. The EMU 
monitors most ECC flags and provides flags of its own 
both to the ECC device and to the CPU; monitoring the 
memory address and comparing that address to the 


the single-bit error in the usual way. Stored syndromes 
contain an odd number of Is. In Fig 4, data bit 5 fails at 
memory address 52 hex, check bit 3 fails at address 45 
hex, and data bit 9 fails at address Cl hex. Since the 
errors have not occurred previously at these addresses, 
they are given a tag bit value of 00. Logging errors 
should not impact the speed or function of the ECC 
system in performing single-bit error correction. 

Double-bit error; first occurrence 

When a double-bit error occurs at an address with no 
error history, the emu exercises the only available 
option, a double complement correct cycle. As the ECC 
device enters the complement write mode, the syndrome 
word that represents the double-bit error condition is 
stored in the temporary syndrome register. .Then the 
ECC system performs a double complement correct cycle 
to generate a second set of error flags. If two soft errors 
caused the initial indication of a 2-bit error, the second 
set of error flags will also indicate two errors and repre- 
sent a noncorrectable condition. Any double-bit error 
situation other than that of two soft errors will produce 
error flags that indicate a correctable condition at the 
conclusion of the double complement correct cycle. 


tag 

address bits syndromes 
Word 0 76543210 10 543210 

Word 15 76543210 10 543 2 10 

Fig 2 Associative stack organization. Of 16-bit address, 
•eight address bits are most significant bits. Tag bits indicate 
type of error, and syndrome bits contain syndrome word. 

stack’s address field is a major function of the EMU. 
When the “stack full” flag is off, however, the number 
of words in the match area is limited by the location of 
the stack pointer. If a match occurs, ie, if the current 
memory address is an address at which an error occurred 
previously, the information obtained from the previous 
error can be used to correct more than one error bit. 
Each emu function will be defined in a subsequent sec- 
tion of this article. 

Single-bit error; first occurrence 

Absence of a match, accompanied by single-bit error 
indicating flags, defines the first occurrence of such an 

— error in the current 

T . , „ address. The error may 

Tag Bits Information Status , , 

be in the data bit or check 

00 soft single-bit error hit field of memory. Er- 

01 firm single-bit error ror address, tag bits (Fig 

I o hard single-bit error 3), and single-bit error 

II hard double-bit error indicating syndrome 

r . , ~ . . , — word are stored in the 

Fig 3 Tag bit field of stack _ t . T hit 

indicates error type for more . St j ' 
efficient processing by error assigned a value of 00, 
management system. Tag bit indicating a soft single-bit 
field could be extended in error. The stack pointer is 
other systems to provide more then incremented and the 
error information. ECC device corrects 


Fig 3 Tag bit field of stack 
indicates error type for more 
efficient processing by error 
management system. Tag bit 
field could be extended in 
other systems to provide more 
error information. 


One hard and one soft 

Error flags produced after the second complement of 
the double complement correct cycle indicate a single 
error if the initial error condition was one hard and one 
soft. At that point, the hard error will have been “cor- 
rected” and the remaining soft error indicated. The ECC 
device will generate a new single-bit error indicating syn- 
drome word, which the emu will xor with the previ- 
ously stored double-bit error indicating syndrome word. 
The result, which is the single-bit hard error indicating 
syndrome word, is stored in the stack. 

To identify the bit as a single hard error, the tag bit 
field is set to a value of 10. After the error information 
is stored, the stack pointer is incremented. The ECC 
device corrects the single error in the usual manner. The 
remaining soft error may be either a check bit error or a 
data bit error. Fig 5 illustrates a soft error in data bit 
location 2 and a hard error in data bit location 1 1 . A 
double complement cycle corrects the error in location 
1 1. Representing the soft error, a new syndrome word is 
then XQRed with the original syndrome word to produce 




error address 

tag 

bits 

syndromes | 


Word 

0 

10100010 

0 0 

1 10001 

data bit 5 

Word 

1 

01000101 

0 0 

001 000 

check bit 3 

Word 

2 

11000111 

0 0 

0 0 10 11 

data bit 9 

Word 

3 

xxxxxxxx 

X X 

X X X X X X 


Word 1 5 

X X X X X X X X 

X X 

X X X X XX 



Fig 4 Logging errors on EMU stack. Single-bit errors 
occurring at addresses with no previous error history receive 
tag bit value of 00. 
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1 st error 00 1 00000000 10000 
D-»6 1101111111101111 
2nd read 1101111111111111 
D— 0010000000000000 
A 

111010 2 and 11 
000 1 0 1 complement 
000101 1 1 corrected 
111010 complement 

I 


101001 new syndromes 



A 

010011 2 + 11 xor2 = 11 




(a) 


j error address 

tag 

bits 

| syndromes | 

Word 3 0 0 1 1 0 1 1 0 
Word 4 0 110 110 1 

1 0 
1 0 

10 10 0 1 data bit 2 
0 1 0 0 0 0 check bit 4 


(b) 



fig 5 After correcting hard error in bit position 11 (a), 
system stores hard error syndrome on associative stack (b) 
and sets tag bit field to indicate single-bit hard error. 






tag 





error address 


bits 

syndromes 


Word 

0 

1010001 

0 

0 0 

1 10001 

data bit 5 

Word 

1 

0100010 

1 

0 0 

001000 

check bit 3 

Word 

2 

1 1 0 0 0 1 1 

1 

0 0 

0 0 10 1 1 

data bit 9 

Word 

3 

0 0 110 11 

0 

1 0 

10 10 0 1 

data bit 2 

Word 

4 

0 110 110 

1 

1 0 

0 1 0 0 0 0 

check bit 4 

Word 

5 

1000010 

0 

1 1 

10 10 0 0 

2 hard 

Word 

6 

X X X X X X X 

X 

X X 

X X X X X X 


Word 

15 

X X X X X X X 

X 

X X 

X X X X X X 



Fig 6 Contents of emu’s stack containing initial occurrence 
of each error type. 


the syndrome word that represents the hard error. These 
hard error syndromes are stored as shown in Fig 6, 
which also shows the storage of a hard check bit error at 
address 6D hex. 

Two hard 

An ECC “no-error” flag, following a double comple- 
ment correct cycle, indicates an initial error condition of 
two hard errors. Data following the second complement 
are correct; since no error exists, a syndrome word of all 
zeros is generated. The emu will store the error address, 
the tag bits, and the contents of the temporary register. 
Tag bits will be given a value of 1 1 , indicating a double- 
bit hard error. The stored syndrome word is then xoRed 
with the contents of the temporary syndrome register 
and the new syndrome word from the ECC device (as 
with a one soft/one hard error condition), and the stack 
pointer is incremented. In this example, the information 
obtained from a double-bit hard error at address 84 
hex, including a syndrome word of 101000, is stored. A 
2-bit error indicating syndrome word provides no infor- 
mation regarding the location of the errors. Errors in 
data bit locations 13 and 15, for example, produce the 
stored syndrome word as would errors in check bit loca- 
tions 3 and 5. Fig 6 illustrates the contents of the 
associative stack portion of the emu following the first 
occurrence of each type of error discussed. Word 5 in 
the stack represents the double-bit hard error. 


Logging tha errors 

As errors occur at new addresses, error data are stored 
in the stack and the stack pointer is incremented. When 
information is entered in stack word 15 a “stack full” 
flag is set. The stack full flag directs the pointer to the 
lowest word address location in the stack containing the 
value 00 in the tag bit field. After storing data, the stack 
pointer goes to the next highest word address location 
that contains a 00 in the tag bit field. The stack contains 
the most recent error addresses at which single-bit soft 
errors occurred and all addresses at which firm or hard 
errors occurred. When no tag bit field contains 00, the 
“overflow” flag is provided and no additional stack 
storage occurs. However, logged error information is 
available to the system. One of the DP8400 modes, for 
example, allows data to be provided to the syndrome 
input/output ports and output through the data input/ 
output ports, a capability that allows the error informa- 
tion to be dumped to the system disk for an additional 
level of storage. In another mode, the DP8400 can inter- 
nally transfer data from the data input to the syndrome 
output, allowing the stack to be loaded from the system 
disk via the data bus. 

Error locations are stored in real time by the logging 
procedure. Error resolution is defined by the correspon- 
dence of the memory address bits to the EMU address 
inputs. The emu described here has eight address inputs 
that allow chip level error resolution in a lM-byte memory 
system when 64k-bit dynamic random access memories 
are used. Since the emu does not monitor the least signi- 
ficant eight memory address lines, error information — 
specifically the address and syndromes as stored in the 
EMU— represents a memory chip location. If a “read 
error” match occurs, only the tag bits and/or the stored 
syndrome word may be updated. Therefore, each unique 
error address can exist in a single stack location. Each 
stored word location defines one defective bit (chip) loca- 
tion if the syndrome word indicates a single-bit error. In 
some cases, the error information will represent two hard 
errors, which normally cannot be located. 


Relocating the errors 

In response to new error information, it may be 
desirable to change the error locations as defined by the 
syndrome words stored in the EMU. If a single-bit error 
is accompanied by an address match and tag bits repre- 
senting a stored single-bit soft error, but if the syndrome 
comparison indicates that a different bit is in error, the 

syndrome field of the 
matching stack word 
should be changed to 
the new syndrome 
word. The ECC will 
correct the single-bit 
error in the normal 
manner, and the most 
recent soft error 
information for that 
memory address will 
be maintained. Previ- 
ous soft error infor- 
mation can be off- 
loaded to a secondary 
storage device prior to 
the update. 


Stored Error 

Tags 

Detected Error 

1 bit, firm 

01 

1 soft, 1 

hard 

1 bit, hard 

10 

1 soft, 1 

hard 

1 bit, soft 

00 

1 soft, 1 

hard 

1 bit, soft 

00 

2 soft 


1 bit, firm 

01 

2 hard 


1 bit, hard 

10 

2 hard 



Fig 7 Errors for syndrome 
injection in order of 
probability. Syndrome 
injection in the dpmoo allows 
faster correction than double 
complement method. 
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Maintenance help 

Maintenance tools are a by-product of the emu system. 
During the ecc procedure, error locations are identified 
and error types determined, emu generated flags, which 
are provided when the stack contents reach a defined 
level, allow the error information to be offloaded to the 
system disk and the EMU to be cleared and reloaded with 
selected error information from disk. After the error 
information is loaded on disk, the system can be 
powered-down for maintenance. Following system 
power-up, suspect information about error location 
may be written to the emu. This extended logging 
capability is part of the total error management system. 

Redefinition 

When a single-bit error occurs in a location at which a 
single-bit error has occurred previously, and the stored 
syndrome word is the same as the single-bit error indi- 
cating syndrome word generated by the ecc device, it 
may be necessary to redefine the error type. If the match 
provides tag information indicating a soft error (tag 
field = 00), the tag field will be changed to 01 to indi- 
cate a single-bit firm error. Such a redefinition is valid. 
For instance, a firm error may be an unproved hard 
error or an error-prone memory device sensitive to 
alpha particles, system noise, or both. Such an error can 
be treated as either a soft error or a hard error, or be 
given a definition based on the present error. For the 
purpose of this discussion, a firm error will be treated as 
a hard error. 

With... double complement correct 
cycles , 100 % of 2-bit errors can be 
corrected when... one of the errors is 
hard, regardless of... error history. 

Although a soft error can occur in any given location 
within a chip, a second soft error is most likely to occur 
within the same chip. Error-prone chips are identified 
and tagged as firm error locations. In the emu, both the 
syndromes and the address field are compared, pro- 
viding higher error resolution within a word. In this 
emu, the tag bit field is updated and the syndrome field 
is rewritten (if the second error is not in the same chip, 
the most recent single-bit error location in that word will 
be stored). The ecc device corrects the single-bit error 
in the normal manner. 

Double-bit error: subsequent occurrence 

When a double-bit error occurs and the emu obtains a 
match, the contents of the tag bit field dictate the pos- 
sible courses of action (Fig 7). If the tag bits are 11, for 
example, a double complement correct cycle is the only 
option. If the tag bits indicate a single-bit hard error 
location, a double complement correct cycle could be 
implemented. On the other hand, it is reasonable to 


assume that the stored syndrome word represents one of 
the two present error locations; in that case the error can 
be corrected without additional memory cycles. 

One hard-ons soft, one hard 

If a match is obtained, tag bits are 10, and a 2-bit error 
has been detected, it is most likely that one error is soft 
and the other hard. Syndrome injection will obtain the 
fastest correction. The syndrome word in the stack, 
which usually represents the hard error location, is 
presented to the DP8400. There it is xoRed with the inter- 
nally generated syndrome word to provide the resulting 
soft error syndrome word, which is then presented to 
the syndrome decoder. After the ecc device corrects the 
soft error, it generates new check bits and zero syn- 
dromes. xoRing the new syndromes with the still- 
injected hard error syndrome word, the unit decodes the 
hard error location and corrects the second error. This 
procedure allows correction of 2-bit errors without 
additional memory cycles, once the location of the hard 
error has been determined. Although a firm error is 
treated as a hard error, it must be given special consid- 
eration during system maintenance. 

One soft-one soft, one hard 

If a 2-bit error is detected and a match obtained with a 
tag of 01, the highest probability is that one error is soft 
and one is hard. The syndrome word from the stack is 
injected into the DP8400, where it is xoRed with the inter- 
nally generated syndrome word, providing the result to 
the syndrome decoder. Correcting the soft error, the 
ecc device generates new check bits and syndromes, 
xors the new syndromes with the still-injected hard 
error syndrome word provided by the EMU, decodes the 
known error location, and corrects it. When the loca- 
tion of one error has been determined, this procedure 
allows high speed correction of 2-bit errors without 
additional memory cycles. 

One soft-two soft 

If a match is obtained, tag bits are 01, and a 2-bit error 
is detected, both errors are probably soft and can be 
corrected by syndrome injection. The syndrome word in 
the stack (which often represents one of the soft error 
locations) is presented to the DP8400, where it is xoRed 
with the syndrome word, generated internally to provide 
the unknown soft error syndrome word to the syndrome 
decoder. Correcting the soft error, the ECC device 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected “known” soft 
error indicating syndrome word, it decodes the error 
location and corrects the second error. Thus, two soft 
errors can be corrected if the location of one is known. 

One firm or hard-two hard 

If two hard errors occur at an address where a single-bit 
hard error has been recorded previously, syndrome 
injection will usually accomplish the correction. The 
syndrome word in the stack, which most likely repre- 
sents one of the hard error locations, is presented to the 
DP8400 where it is xoRed with the internally generated 
syndrome word, providing the result to the syndrome 
decoder. The ecc device corrects the first error and 
generates new check bits and zero syndromes. xoRing 
the new syndromes with the still-injected “known” 
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error indicating syndrome word, the unit corrects the 
second error. This procedure allows high speed correc- 
tion of two hard errors when the location of one is 
known. 


Double complement 

The double complement error correction cycle is effec- 
tive for locating hard errors in an error management 
system. This technique is effective when speed of error 
correction is of less concern than system integrity. Use 

of the double com- 
plement correct 
cycle following the 
detection of every 
error enhances 
error determina- 
tion and correc- 
tion. Immediate 
determination of 
single-bit hard 
errors improves the 
possibility that 
double-bit errors 


Stored Error 

Tags 

Detected Error 

1 bit, soft 

00 

2 hard 

1 bit, firm 

01 

2 soft 

1 bit, hard 

10 

2 soft 


Fig 8 Errors for double 
complement correction. When 
speed is of less priority, 
double complement method 
allows more precise error 
detection, logging, and 
correction. 


in the same defined address can be corrected. The next 
level of error detection and correction efficiency, using 
the double complement correct cycle for each detected 
error, includes those error types noted in Fig 8. 


One soft-two hard 

A no-error indication from the ECC device following the 
double complement correct cycle will complete the defi- 
nition of the error type— defined as a 2-bit error by the 
syndrome word stored in the temporary syndrome regis- 
ter — as a 2-bit hard error. If a match occurs but the tag 
bit field indicates a single-bit soft error, the tag bit field 
-can be changed to 11, indicating two hard errors, and 
the syndrome field replaced with the contents of the 
temporary syndrome register. Error information can be 
offloaded to a secondary storage device before this 
update. 

One firm or hard-two soft 

If the ecc device generates error flags indicating a 
double-bit error at the conclusion of the double comple- 
ment correct cycle, the 2-bit error that instigated the 
cycle remains and contains two soft errors. Since the only 
recorded error at the current memory location is hard, 
the errors are not recoverable and system operation ter- 
minates. In some systems, a firm error may be defined 
as a soft error, and data may be recovered. When off- 
loading of soft errors Js practiced, the disk or other 
storage mechanism can be interrogated for prior mem- 
ory errors at the current address. These soft errors can 
be corrected if proper information is available. 


Two hard-double error 

When a match occurs and the tag bits indicate that an 
earlier 2-bit error has been recorded for the present 
memory address, ecc device’s error flags identify the 
error type after the double complement correct cycle. If 
the present error is soft, system operation must be ter- 
minated— assuming that no additional relevant infor- 
mation regarding errors at this address is available from 
other sources. If the second set of error flags indicates 
that the present error is a 2-bit hard error, the errors can 
be corrected. Comparing the syndrome words in the 
temporary syndrome register and the stack will provide 
additional information. If the syndrome words do not 
match, three or four hard errors exist and system opera- 
tion must be terminated. 

Locating two hard errors 

When the presence of two hard errors has been deter- 
mined, a subsequent access at the same address will 
most likely indicate a single-bit error. If the single-bit 
error is in one of the two locations that had defined the 
previous 2-bit hard error, adequate information is 
available to locate the other error. The temporary syn- 
drome register will store the single-bit error indicating 
syndrome word. Data are corrected by the double com- 
plement correct cycle, and the syndrome word in the 
stack can be replaced by the contents of the temporary 
syndrome register. The double-bit hard error indicating 
syndrome word can be offloaded and the word replaced. 
The new word will then be offloaded and xoRed with 
the first syndrome word, keeping the result in the sec- 
ondary storage element. Secondary storage is available 
for interrogation if additional errors occur in the same 
address. In more sophisticated error management sys- 
tems, additional tag bits are made available in the EMU 
stack. One of these tag bits can be used to indicate that 
additional error information exists in secondary storage 
for that error address. 

Summary 

The simplified error management system presented here 
allows correction of double-bit errors if one of the 
errors has previously occurred. With the use of double 
complement correct cycles, 100% of 2-bit error correc- 
tion is provided when at least one of the errors is hard, 
regardless of previous error history. Enhanced error 
logging is provided with error type determination capa- 
bility. Maintenance aids are provided through the 
DP8400’s bidirectional data transfer capability between 
the syndrome input/output and data input/output ports. 
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Gga National 
Jt A Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84300 Programmable Refresh Timer 


General Description 


The DP84300 programmable refresh timer is a logic device 
which produces the desired refresh clock required by all 
dynamic memory systems. 

Additional circuitry has been included in the device to 
minimize logic required by memory systems to perform 
refresh control. 


Features 

■ One chip solution to produce RFCK timing for the 
DP8408 and DP8409 dynamic RAM controllers 

■ Programmable refresh clock timer allows for a maxi- 
mum refresh period with most system clocks 

■ Timing is completely synchronous with the input 
clock, preventing race conditions present in some 
memory controllers 

■ Includes a refresh request output, simplifying the 
design of refresh logic in discrete controllers 


Connection Diagram 

Dual-In-Line Package 
CLOCK — IT" 24 i 


Block Diagram 


1 

~Tzr~ 

24 

2 


23 

3 


22 

4 


21 

5 


20 

6 

DP84300 

19 

7 


18 

8 


17 

9 


16 

10 


15 

11 


14 

12 


13 



Order Number DP84300N-3 
See NS Package N24C 


FIGURE 1 
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DP84300 


Recommended Operating 
Conditions (Commercial) 



Min Typ 

Max 

Units 

V C c, Supply Voltage 

4.75 5.00 

5.25 

V 

Ioh, High Level Output Current 


-3.2 

mA 

Iol, Low Level Output Current 


16 

mA 

T a , Operating Free Air 
Temperature 

0 

75 

°C 


Electrical Characteristics over recommended operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

High Level Input Voltage 


2 



V 

V, L 

Low Level Input Voltage 




0.8 

V 

mum 

Input Clamp Voltage 

V C c = Min, l|= -18 mA 



-1.5 

V 

V 0 H 

High Level Output Voltage 

V C c= Min, V ih = 2V, V| L =0.8V, l 0H = Max 

warn 



V 

VoL 

Low Level Output Voltage 

V C c= Min, V|h = 2V, V|l = 0.8V, l 0L =Max 



0.5 

V 

■ozh 

Off-State Output Current 
High Level Voltage Applied 

V cc = Max, V, H = 2 V, V 0 = 2.4V, V, L = 0.8V 

u 

H 

100 

^A 

■oZL 

Off-State Output Current 
Low Level Voltage Applied 

V cc = Max, V, H = 2V, V 0 = 0.4V, V, L = 0.8V 



-100 

nA 

ll 

Input Current at 
Maximum Input Voltage 

V cc = Max, V, = 5.5V . 


■ 

1.0 

mA 

1 IH 

High Level Input Current 

V cc = Max, V, = 2.4V 



25 


IlL 

Low Level Input Current 

V cc = Max, V, = 0.4V 



-250 

m a 

■os 

Short Circuit Output Current 

V C c = Max 

-30 


-130 

mA 

Ice 

Supply Current 

V C c = Max 


150 

180 

mA 


DP84300-3 Switching Characteristics over recommended ranges of temperature and V cc 


Symbol 

Parameter 

Conditions 
R L = 6670 

Commercial 
T A = 0°C to +75°C 
V CC = 5.0V±5% 

^9 

Min 

Typ 

Max 

*PD 

Clock to Output 

C l = 45 pF 


15 

25 

ns 

■pzx 

Pin 13 to Output Enable 


15 

25 

ns 

tpxz 

Pin 13 to Output Disable 

C L =5 pF 


15 

25 

ns 

tpzx 

Input to Output Enable 

C L = 45 pF 


25 

35 

ns 

tpxz . 

Input to Output Disable 

C L = 5 pF 


25 

35 

ns 

t w 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

tsu 

Set-Up Time 


35 



ns 

*H 

Hold Time 


0 

-15 


ns 
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Mnemonic Description 

INPUT SIGNALS 

CLOCK Provides a time base for the programmable 
divider. 

A-H Program inputs A through H. These inputs 

select the number of clock cycles that will 
produce one refresh period. These inputs 
are binary encoded, with input A the LSB, 
and H the MSB. Additionally, all zeros pro- 
duce the maximum count of 256, and an 
input of one will reset the counter to one. 

REFRESH This in put is us ed to reset the refresh request 
output (RFRQ). 

OE Output enable. Places the outputs in 

TRI-STATE®. 

CE Counter enable. This input, when low, 

enables the timer clock and, when high, 
stalls the timer. 

OUTPUT SIGNALS 

QA-QH Refresh timer outputs QA through QH. Timer 
starts at programmed input and counts 
down to one. 

RFRQ Refresh request. This output goes low on the 

rising edge of the refresh cloc k (RFCK). T he 
first input clock edge after the REFRESH in- 
put is set low clears this output. 

RFCK Refresh clock. The period of the clock is 
determined by setting conditions on input 
pins A through H. This output is low for 20. 
clocks, and high for the remainder of the 
period. 


Functional Description 

The DP84300 block diagram is shown in Figure 1. This cir- 
cuit is basically an 8-bit programmable counter. The user 
selects the number of input clock cycles required per 
refresh period and sets the binary equivalent on inputs A 
through H. A signal of that period is produced at the 
refresh clock (RFCK) output. This output stays low for 20 
clock cycles, and goes high for the balance of the period. 



Period of RFCK = 2x program input 


FIGURE 2a. Expansion of Clock Divisor by 2x 


When used with the DP8409 dynamic RAM controller, this 
duty cycle allows the DP8409 the maximum probability to 
perform a hidden refresh, while still allowing ample time 
for the DP8409 to perform a forced refresh when needed. 

An additional output is provided to ease the design of 
systems that d on’t use the DP8409. This output is called 
refresh request (RFRQ). Refresh request becomes true at 
the rising edge of refresh clock, and becomes false on the 
first rising edge of the input clock after a refresh. 

in systems where _adivisor of more than 256 is needed, an 
expansion input (CE) has been provided. When this input 
is high, all counter-relate d timing is suspended. This ex- 
cludes actions due to the REFRESH input. The circuits in 
Figures 2a and 2b show how to expand the range of the 
timer by 2x or by up to 4096 clock cycles. Figures 3a and 3b 
show two typical applications using the DP84300. 

By using the clock enable input, it is also possible to 
change the duty cycle of the refresh clock. The circuits in 
Figures 4a and 4b show how this may be done. 

To reset the counter to a known state, select an input 
divisor of one. On the next clock edge the counter will 
reset to one. On the next clock edge whatever input 
divisor that is present on input A-H will be loaded into 
the counters. 


TABLE I. DIVIDER CONSTANTS FOR GENERATION OF A 
15.5 /tS CLOCK 


CPU Clock 
Frequency 

Divisor 

Input 

Actual Period 
of Output 

% Chance of 
Hidden Refresh 

2 MHz 

31 

15.5 jis 

35% 

3 MHz 

46 

15.3 /xs 

56% 

4 MHz 

62 

15.5 fis 

67% 

5 MHz 

77 

15.6 /X s 

74% 

6 MHz 

93 

15.5 ns 

78% 

7 MHz 

109 

15.6 n s 

81% 

8 MHz 

124 

15.5 ix s 

83% 

9 MHz 

140 

15.6 n s 

85% 

10 MHz 

155 

15.5 ix s 

87% 



Period of RFCK 2 = program A x program B 
RFCK Is low for 20x program 1 clocks 
Maximum period of RFCK is 4096 clocks 


FIGURE 2b. Typical Expansion for the DP84300 


7 


TRI-STATE® Is a registered trademark of National Semiconductor Corp. 
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Functional Description (Continued) 


DATA 



FIGURE 3a. Dynamic Memory System Using DP84300 


DATA 



FIGURE 3b. 8086 System Using Dynamic RAMs DP8408, DP84300, and DP84332 



FIGURE 4a. Circuit for Extending RFCK Low to 40 Clocks FIGURE 4b. Circuit for Extending RFCK High by 2x 
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DP84312 


National 

JSjA Semiconductor 


Dynamic Memory Support 

PRELIMINARY 

DP84312 Dynamic RAM Controller Interface Circuit 
for the NS16032 CPU 

General Description 

The DP8431 2 dynamic RAM controller interface is a Pro- 
grammable Array Logic (PAL)* device which allows for 
easy interface between the DP8409 dynamic RAM Con- 
troller and the NS16032 microprocessor. 

Using timing signals from the NS16201 timing and control 
unit and the NS16032, the DP84312 supplies all control 
signals needed to perform memory read, write, byte write, 
and refresh. 

*PAL is a registered trademark of Monolithic Memories, Inc. 

Features 

■ Low parts count memory system 

■ Allows the DP8409 to perform hidden refresh 

■ Allows for the Insertion of wait states for slow dynamic 
RAMs 

■ Supplies independent CASs for byte writing 

■ Possibility of operation at 8MHz with no wait states 

■ 20-pin 0.3 inch wide package 

■ Standard National Semiconductor PAL part 
(DMPAL16R6) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PALs in the National Semiconductor PAL family, 
including the new high speed PALs. 

Connection Diagram 





Dual-In-Line Package 


CLK — 

1 L 

J 20 

— Vcc 

HAW — 

2 

19 

— rf5h 

RFRQ — 

3 

18 

— Cash 

MF — 

4 

17 

— FaSl 

AO — 

5 

16 

— NC 

WfiN — 

6 

15 

— NC 

CTTL — 

7 

14 

— NC 

U5— 

8 

13 

— NC 

WITT — 

9 

12 

— W 

GNO — 

10 

11 

— GND 


TOP VIEW 


Order Number DP84312N-3 
See NS Package N20A 
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Recommended Operating 
Conditions (Commercial) 


V cc , Supply Voltage 

I 0 h. High Level Output Current 

l OL , Low Level Output Current 

T a , Operating Free Air 
Temperature 


Min Typ Max Units 

4.75 5.00 5.25 V 

-3.2 mA 
24 mA 
(Note 2) 


Electrical Characteristics over recommended operating temperature range 


Symbol Parameter 


V| H High Level Input Voltage 


Low Level Input Voltage 


Input Clamp Voltage 


High Level Output Voltage 


Low Level Output Voltage 


Off-State Output Current 
High Level Voltage Applied 


Off-State Output Current 
Low Level Voltage Applied 


Input Current at 
Maximum Input Voltage 


High Level Input Current 


Low Level Input Current 


Short Circuit Output Current 


Supply Current 


Conditions 


Vcc= Min, l|= - 18 mA 


Vqq = Min, V|n = 2V, V | - 0.8V, Iq^ = Max 


V cc = M in, V,H = 2V, V 1L = 0.8V, 1 0L = Max 


V cc = Max, V| H = 2V, V 0 = 2.4V, V, L =0.8V 


V cc = Max, V| H = 2V, V 0 = 0.4V, V, L = 0.8V 


V cc = Max, V, = 5.5V 


V cc = Max, V| = 2.4V 


V cc = Max, V, = 0.4V 


V cc = Max 


V cc = Max 


Max Units 




DP84312-3 Switching Characteristics over recommended ranges of temperature and V C c 




WAITIN to WAIT Delay 


Clock to Output 


Pin 11 to Output Enable 


Pin 11 to Output Disable 


Width of Clock 


Set-Up Time 


Hold Time 


Conditions 
R U = 667U 


C L =45pF 


C l =45 pF 


C L = 45 pF 


C L = 5 pF 


Commercial 
T a = 0°C to +75°C 
V cc = 5.0V + 5% 


Typ 



Note 1: Ice = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
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DP84312 


System Block Diagram 


DM74S139 


PERIP 



CS 

WIN 

WR 

B1 

00-6, 7 

BO 


CO-6, 7 

RASO 

DP8409 

RO-6, 7 

RAS1 

ADS 


Ml 

RAS2 

RFCK 

RAS3 

RGCK 

RFI/0 

M2 

RASiN 


MM5295-12 

MM4164-12 


A16-A23 

ROY PHI2 PHI1 


RDY PHU PHI2 


IIMSiB 


'Note: For more than 16 RAM chips, 
add buffers. 

©These outputs may need resistors. 


Mnemonic Description 

INPUT SIGNALS 

CLK Clock input. This clock comes from the FCLK 

output of the NS16201 timing and control 
unit, and supplies timing for the internal 
logic. 

RASIN RAS input. This input is connected to the 
NTSO pin of the NS16201. This signal marks 
the start of a memory cycle. 

RFRQ Refresh request. The DP8409 requests a 
forced refresh with this input. 

HBE, AO Address select inputs. These inputs select 
the type of write durin g a w rite cycle, and 
select their respective CAS outputs. These 
inputs must remain stable throughout the 
memory cycle. 

WAITIN This wait input allows other devices to use 
the NCWAIT line of the NS16201 clock chip. 

CTTL System clock input. This clock is used to syn- 

chronize the memory system to the micro- 
processor clock. 


Vcc-GND 


Chip select. This input is used to determine if 
a memory cycle or a hidden refresh cycle is 
to be performed. 

Insert one wait state. This input allows the 
use of slow memories with a microprocessor 
using a fast clock by inserting a wait state in 
selected memory cycles. 

5.0V ±5%. 


OUTPUT SIGNALS 


Refresh. This output switches the DP8409 to 
a refresh mode. 

CAS outputs. CASH is for controllin g th e 
high bank o f dyn amic RAMs, while CASL 
controls the CAS line of the lower bank of 
RAMs. If only eight RAMs are used in each 
bank, the CAS outputs will directly drive the 
memories. For larger arrays, these outputs 
should be buffered with a high current driver, 
such as the DP84244 MOS driver. 

This output controls the inserti on of w ait 
states. This output is ORed with WAITIN to 
allow other devices to insert wait states. 
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Functional Description 

The DP84312 detects the start of a memory cycle when 
NTSO from the NS16032 timing and control u nit (TC U) 
goes low. The NTSO signal is also used to supply RASIN to 
the DP8409 dynamic RAM controller. After the DP8409 has 
latched the row address and supplied the column address 
to the DRAMs, the DP8431 2 latc hes the column address. 
The DP84312 supplies two CAS outputs, one for the high 
byte of memory, and the other for the low byte. The ability 
to control the upper and lower bytes of memory separately 
is important during a memory write cycle where one byte 
of memory is to be written (byte write). 

By connecting WAIT1 of the DP84312 to ground, all 
selected memory cycles will have one wait state inserted. 
This allows an NS16032 operating at high CPU clock fre- 
quencies to use slower dynamic RAMs. 

Memory refresh may be achieved in one of two ways: hid- 
den or forced. Hidden refresh is accomplished whenever a 
refresh is requested (internal to the DP8409) and an unse- 
lected memory cycle occurs. With a hidden refresh, the 
DP84312 does nothing while the DP8409 performs the 
refresh. If no refresh has occurred before the trailing edge 
of refresh clock, the DP8409 will request a forced refresh. 
The DP84312 detects this request, and allows the current 
memory cycle to finish. It then outputs wait states to the 
CPU, which will hold the CPU if it requests a memory 
cycle. During this time the DP84312 has switched the 
dynamic RAM controller to the auto refresh mode, allow- 
ing It to perform a refresh. At the end of the refresh cycle, 


the DP8409 is switched back to the a utoac cess mode, and 
the wait is removed after a sufficient RAS precharge time. 
The total forced refresh takes four CPU clock cycles; of 
which some, none or all may be actual wait states. If the 
CPU does not request a memory cycle during this refresh 
cycle, the refresh will not impact the CPU’s performance. 

The DP84312 can possibly be operated at 8 MHz with no 
wait states (WAIT1 = “1”) given the following conditions: 
T2 + T3 = 250 ns 
NTSO gen erati on = 15 ns max. 

RASIN t o CAS de lay DP8409-2 = 130 ns max. 

External CASH.L generation using 74S02 and 
74S240 

7.5 ns (74S02)+ 10 ns(74S240)- 7.5 ns (less load 
on 8409 CAS line) = 10 ns max. 

Transceiver delay = 12 ns max. 

NS16032 data setup = 20 ns max. 

/.Minimum t CAC = 63 ns 

= 250-15-130-10-12-20 
Minimum t RAS = 250 ns 
Minimum t RP = 250 ns 
Minimum t RAH = 20 ns 

The DP84312 is a standard National Semiconductor PAL 
part (DMPAL16R6). The user can modify the PAL equa- 
tions to support his particular application. The DP84312 
logic equations, function table (functional test), and 
logic diagram can be seen at the end of this Data Sheet. 


Timing Diagrams 









DP84312 


Timing Diagrams (Continued) 

CPU STATE |- t40R!| tl 12 tw -|- 13 — M -| IIORti 





FIGURE 2b. Read or Write Memory Cycle with One Wait 


CPU STATE 1| OR t4 -ll OR tl t|, tl OR 1h 1|, tl OR tH tl, tl OR t H - tj. tl OR tn «-| t|, tl OR tZ 

-xLTLmrriJiJirLJ^^ 



FIGURE 2c. Forced Refresh Cycle 
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PAL16R6 

DP84312 

Interface Circuit for the NS16032/DP8409 

Memory System 

CK NTSO / RFRQ / HBE AO /WAITIN CTTL ICS /SLOW 

GND IOE /WAIT ID 1C IB IA /CASL /CASH /RFSH VCC 

CASH: = A • /B • /C • D *HBE • CS + 

/A • /B • D • HBE • CS 

CASL: = A • /B • /C • D • /AO • CS + 

/A • /B • D /AO • CS 

A : = /A • /B • /C • /D • /NTSO • CS • SLOW + 

B • /C • /D + 

A • /C • /D + 

A • B 

B : = /A • /B • /C • /D • NTSO • RFRQ • CTTL + 

/A • B + 

A • B • 1C + 

B • C • D 

C : = /A • IB • 1C • ID • NTSO • RFRQ • CTTL + 

IA • IB • D + 

A • B • D + 

B • C • /D + 

IA • IB • C • ID • /NTSO 

D : = /A • IB • 1C • ID • /NTSO • CS • /SLOW + 

IA • IB • 1C • ID • I NTSO • /CS + 

A • /C + 

IB • 1C • D + 

I A • B • C 

IF (VCC) WAIT =/B • 1C • ID • /NTSO • CS • SLOW + 
I A • B • D + 

B • /C • /D + 

A • B + 

A • C • /D + 

ICS • WAITIN 

I F (VCC) RFSH = /A • B + 

B • /C • /D + 

A • B • /C + 

A • B • C 
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DP84312 


Function Table 


CK 

NTSO 

RFRQ 

HBE 

AO 

WAITIN 

CTTL 

CS 

SLOW 

OE 

CASH 

CASL 

A 

B 

c 

D 

WAIT 

RFSH 

C 

H 

H 

L 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

X 

X 

C 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

C 

L 

X 

L 

L 

H 

X 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

C 

L 

X 

L 

L 

H 

X 

L 

H 

L 

H 

H 

L 

L 

H 

H 

L 

L 

c 

X 

X 

L 

L 

H 

X 

L 

H 

L 

H 

H 

L 
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National 

Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84322 Dynamic RAM Controller Interface Circuit 


for the 68000 CPU 


General Description 

The DP84322 dynamic RAM controller interface is a 
Programmable Array Logic (PAL)* device which allows 
for easy interface between the DP8409 dynamic RAM 
Controller and the 68000 microprocessor. 


The DP84322 supplies all the control signals needed to 
perform memory read, write and refresh. Logic is included 
for inserting a wait state when using fast CPUs. 


Features 

■ Provides 3-chip solution for the 68000 CPU and 
dynamic RAM interface 

■ Works with all 68000 speed versions 

■ Possibility of operation at 8 MHz with no wait states 

■ Performs hidden refresh 

■ DTACK is automatically inserted for both memory 
access and memory refresh 

■ Performs forced refresh using typically 4 CPU clocks 

■ Standard National Semiconductor PAL part 
(DMPAL16R4) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PAL in the National Semiconductor PAL family, 
including the new high speed PAL’s. 


Connection Diagram Block Diagram 


Dual-ln-Line Package 


AS 



LDS 

UDS 

CAS 

CS 


R/W 

WAIT 


RFRQ 


Order Number DP84322N-3 
See NS package N20A 



*PAL is a registered trademark of Monolithic Memories, Inc. 
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Recommended Operating 
Conditions (Commercial) 



Min lyp 

Max 

Units 

V C c. Supply Voltage 

4.75 5.00 

5.25 

V 

Ioh. High Level Output Current 


-3.2 

mA 

Iol. Low Level Output Current 


24 

mA 

T a , Operating Free Air 
Temperature 

0 

(Note 2) 
75 

°C 


Electrical Characteristics over recommended operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

High Level Input Voltage 


2 



V 

V| L 

Low Level Input Voltage 




0.8 

V 

Vic 

Input Clamp Voltage 

V C c = Min, l|= -18 mA 



-1.5 

V 

VoH 

High Level Output Voltage 

V cc = Min, V| H = 2 V, V 1L = 0.8V, l 0H = Max 

m» 



V 

Vol 

Low Level Output Voltage 

V cc = Min, V| H = 2 V, V, L = 0.8V, l 0L = Max 



0.5 

V 

loZH 

Off-State Output Current 
High Level Voltage Applied 

V cc = Max, V| H = 2V, V Q = 2.4V, V, L = 0.8V 


■ 

100 

aA 

l0ZL 

Off-State Output Current 
Low Level Voltage Applied 

V cc = Max, V| H = 2V, V 0 = 0.4V, V, L = 0.8V 

m i 

■ 

-100 

/xA 

l| 

Input Current at 
Maximum Input Voltage 

V cc = Max, V, = 5.5V 


■ 

1.0 

mA 

■|H 

High Level Input Current 

V cc = Max, V, = 2.4V 



25 

aA 

l|L 

Low Level Input Current 

V cc = Max, V, = 0.4V 



-250 

/*A 

los 

Short Circuit Output Current 

V cc = Max 

-30 


-130 

mA 

Ice 

Supply Current 

V C c = Max 


150 

225 

(Note 1) 

mA 


Switching Characteristics over recommended ranges of temperature and V cc 


Symbol 

Parameter 

Test Conditions 
R l = 6670 

Commercial 
T a = 0°C to + 75°C 
V CC = 5.0V±5% 

Units 

Min 

Typ 

Max 

tpD 

Input to Output 

C L = 45pF 


25 

40 

ns 

tpo 

Clock to Output 


15 

25 

ns 

fpzx 

Pin 11 to Output Enable 



15. 

25 

ns 

tpxz 

Pin 11 to Output Disable 

C(_=5 pF 


15 

25 

ns 

tpzx 

Input to Output Enable 

C L = 45 pF 


25 

40 

ns 

tpxz 

Input to Output Disable 

C L = 5 pF 


25 

40 

ns 

t w 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

tsu 

Set-Up Time 


40 



ns 

th 

Hold Time 


0 

-15 


ns 


Note 1: Ice = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
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DP84322 


System Block Diagram 

DP84322 and DP8409 for 68000 CPU 



Mnemonic Description 


INPUT SIGNALS * OUTPUT SIGNALS 


CLOCK The clock signal determines the timing of the 
outputs and should be connected directly to 
the 68000 clock input. 

AS Address Strobe from t he 6800 0 CPU. This in- 

put is used to generate RASIN to the DP8409. 

UDS, LDS Upper and lower data strobe from the 68000 
CPU. T hese inp uts, together with AS, R/W, 
provide DTACK to the 68000. 

R/W Read/write from the 68000 CPU, when 

WAIT = 0. Selects processor speed when 
WAIT = 1 (“1” = 4 to 6 MHz, "0” = 8 MHz). 

CAS Column Address Strobe from th e DP 8409. 

This input, together with LDS and UDS, pro- 
vides two separate CAS outputs for access- 
ing upper and lower memory data bytes. 

CS Chip Select. T his inpu t enables DTACK out- 

put. CS = 0, DTACK output is enabled; 
CS = 1, DTACK output is TRI-STATE®. 

RFRQ Refresh Request. This input requests the 
DP84322 for a forced refresh. 

WAIT This input allows the necessary wait state to 

be inserted for memory access cycles. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


RASIN This output provides a memory c ycle start 
signal to the DP8409 and provides RAS tim- 
ing during hidden refresh. 

CAS U, These signals are the separate CAS outputs 

CASL needed for byte-writing. 

DTACK This output is used to insert wait states into 
the 68000 memory cycles when selected and 
during a forced refresh cycle where the CPU 
attempts to access the memory. This output 
is enabled whem CS input is low and TRI- 
STATED when CS is high. 

RFSH This output controls the mode of the DP8409. 

It always goes low for 4 CPU clock periods 
when AS is inacti ve and a forced refresh is re- 
quested through RFRQ input. This allows the 
DP8409 to perform an automatic forced 
refresh. 
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Functional Description 


MEMORY ACCESS 

As a 68000 bus cycle begins, a valid address is output on 
the address bus A1-A23. This address is decoded to pro- 
vide Chip Select (CS) to the DP8409. After the a ddress 
becomes valid, AS goes low and it is used to set RASIN 
low from the DP84322 interface circuit. Note that CS must 
go low for a minimum of 10 ns before the assertion of 
RASIN for a proper memory access. As an example, with a 
8 MHz 68000, the address is valid for at least 30 ns before 
AS goes act ive. AS then has to ripple through the DP84322 
to produce RASIN. This means the address is valid for a 
minimum of 40 ns before RASIN goes low, and the decod- 
ing of CS should take less than 30 ns. At this speed the 
DM74LS138 or DM74LS139 decoders can be selected to 
guarantee the 10 ns minimu m requi red by CS set-up time 
going low before the access RASIN goes low (t C s RL of the 
DP8409). This is important because a false hidden refresh 
may tak e place when the minimum t CSRL is not met. 
Typically RAS IN occurs at the end of S2. Subseque ntly, 
selected RAS output, ro w to col umn select and then CAS 
will automatically follow RASIN as determined by mode 5 
of the DP8409. Mode 5 guarantees a 30 ns minimum for 
row address hold time (t RAH ) and a minimum of 8 ns col- 
umn address set-up time (t ASC ). If th e sys tem re quire s in- 
structions that use byte writing, then CASU and CASL are 
needed for accessing upper and lower memory data b ytes, 
and they are provided by theDP84322. In the DP84322, LDS 
and UPS ar e ga ted with CAS from the DP8409 to provide 
CASL and CASU, ther efore designers need not be con- 
cerned about delaying CAS during write cycles to assure 
valid data being written into memory. The 8 MHz 68000 
specifies during a write cycle that data output is valid fora 
mini mum of 30 ns before DS goes active. Thus, CASL and 
CASU will not go low for at least 40 ns after the output data 
becomes stable, guaranteeing the 68000 valid data is writ- 
ten to memory. 

Furthermore, the gating of UDS, LDS and CAS allows the 
DP84322 interface controller to support the test and set in- 
struction (TAS). The 68000 utilizes the read-modify-write 
cycle to execute this instruction. The TAS instruction pro- 
vides a method of communication between processors in 
a multiple processor system. Because of the nature of this 
instruction, in the_68000, this cycle is indivisible and the 
Address Strobe AS is asserted throughout the entire cy- 
cle, however DS is asserted twice for two accesses: a read 
then a write. The dynamic RAM controller and the DP84322 
respond to this read-modify-write instruction as follows 
(refer to the TAS instruct ion t iming diagram for clarifica- 
tion). First, the sel ecte d RAS goes low as a result of AS 
going low, and this RAS output will remain low thro ughout 
t he e ntire cyc le. Then the DP84322’s selected CAS output 
(CASL or CASU) goes low to read the specified da ta by te. 
After this read, DS goes highcausing the selected CAS to 
go high. A few clocks later R/W goes low an d the n DS is re- 
asserted. As DS goes low, the selected CAS goes low 
strobing the CPU’s modified data into memory, after which 
the cycle is ended when AS goes high. 

The two CAS outputs from the DP84322, however, can only 
drive one memory bank. For additional driving capability, a 
memory driver such as the DP84244 should be added to 
drive loads of up to 500 pF. 

Since this DP84322 interface circuit is designed to operate 
with all of the 68000 speed versions, a status input called 
WAIT is used to distinguish the 8 MHz from the others. The 


WAIT input should be set low for 6 MHz or less allowing 
full speed of operati on with no wait states. Data Transfer 
Acknowledge input (DTACK) of the 68000 at these speeds 
is automatically inserted during S2 for every memory 
transacti on cy cle and i s the n negated at the end of that cy- 
cle when UDS and/or LDS go high. For the 8 MHz 68000 
however, a wait state is required for every memory transac- 
tion cycle. At these spe eds, the WAIT input is s et high, 
selecting the DP8 409’s CAS output to generate DTACK 
and ag ain D TACK is negated at the end of the cycle when 
UDS or LDS goes high. Note that DTACK output is enabled 
only when the DP8409’s CS is low. Therefore when the 
68000 is accessing I/O or ROM (in other w ords, w hen the 
DP8409 is not selected), the DP84322’s DTACK output 
goes high impedance logic ‘1 ’ through the external pull-up 
resistor and it is now up to the designer to supply DTACK 
for a proper bus cycle. 

The following table indicates the maximum memory speed 
in terms of the DRAM t imin g parameters: t CA c (access- 
time from CAS) and t RP (RAS precharge time) required by 
different 68000 speed versions: 

Microprocessor Maximum Minimum Minimum 


Clock 

*CAC 

'rp 

Iras 

8 MHz 

125 ns 

140 ns 

220 ns 

6 MHz 

90 ns 

170 ns 

290 ns 

4 MHz 

270 ns 

280 ns 

450 ns 


Pin 5 (R/W input to the DP84322) is not used as R/W 
when the WAIT input is high. Therefore, when WAIT is 
high and pin 5 is low, this is configured for the 8 MHz 
68000. The dynamic RAM controller in this configuration 
operates in mode 5 and mode 1. 

When both WAIT and pin 5 are high, this is configured 
for 4 MHz and 6 MHz 68000, allowing only two micro- 
processor clocks for memory refresh. Furthermore, the 
designer can use the DP8408 because the dynamic RAM 
controller now operates in mode 0 and mode 5 or mode 
6. In addition, the programmable refresh timer, DP84300, 
should be used to determine the re fresh r ate (RFCK) and 
to provide the refresh request (RFRQ) input to the 
DP84322. The refresh timer can provide over two hun- 
dred different divisors. RFRQ is given at the beginning 
of every RFCK cycle and remains active until M2 goes 
low for memory refresh. The DP84322 samples RFRQ 
when AS is high, then sets M2 low for two microproc- 
essor clocks, taking the DP8408 or DP8409 to the exter- 
nal control refresh mode. RASIN for this refresh is also 
issued by the DP84322. If a memory access is pending, 
RASIN for this access will not be given until it is delayed 
for a pproximately one microprocessor clock, allowing 
RAS precharge time for the dynamic RAMs. 

The following table indicates different memory speeds 
in terms of the DRAM parameters required by 4 MHz and 
6 MHz 68000: 

Microprocessor Maximum Minimum Minimum Minimum 

Clock t CAC t RAS t RP t RAH 

4 MHz 290 ns 200 ns 225 ns 20 ns 

6 MHz 110 ns 125 ns 140 ns 20 ns 

DP8408, DP8409 operate in mode 6 and mode 0. 
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Functional Description (Continued) 


When WAIT=1, pin 5 = 0 (8 MHz), the PAL controller 
supports read and write cycles with one inserted wait 
state, forced refresh with five wait states inserted if CS 
is valid, and hidden refresh. This PAL mode does not 
support the TAS instruction. 

When WAIT = pin 5=1 (4-6 MHz), the PAL controller 
supports read and write cycles with no wait states in- 
serted, and forced refresh with two wait states inserted 
if CS is valid. This PAL mode does not support the TAS 
instruction and only supports hidden refresh when used 
in mode 5 with the DP8409 controller. 

The DP84322 can possibly be operated at 8 MHz with no 
wait states (WAIT = “0”) given the following conditions: 
FAST PAL (PALI 6R4A) 

S2 + S3 + S4 + S5 = 250_ns 
RASIN delay =60 ns (AS low max.) 

+ 25 ns (Fas t PAL delay) = 85 ns max. 

RASIN t o CAS de lay DP8409-2= 130 ns max. 

External CASH,L generation using 74S02 
and 74S240 

7.5 ns (74S02)+ 10 ns (74S240)- 7.5 ns (less load 
on 8409 CAS line) = 10 ns max. 

Transceiver delay (74LS245) = 12 ns max. 

68000 data setup into S6 = 40 ns min. 

Minimum t CAC = 53 ns 

= 250-85-130-10-12 + 40 
Minimum t RAS = 240 ns 
Minimum t RP = 150 ns 
Minimum t RAH = 20 ns 

REFRESH CYCLE 

Since the access sequence timing i s auto matically de- 
rived from RASIN in mode 5, R/C and CASIN a re no t used 
and now become Refresh Clock (RFCK) and RAS-gener- 
ator clock (RGCK) respectively. The Refresh Clock RFCK 
may be divided down from RGCK, which is the microproc- 
essor clock, using the DM74LS393 or DM74LS390. RFCK 
provid es th e refresh time interval and RGCK the fast clock 
for all-RAS refresh if forced refreshing is necessary.' The 
DP8409 offers both hidden refresh in mode 5 and forced 
refresh in mode 1 with priority placed on hidden refresh- 
ing. Assume 128 rows are to be refreshed, then a 16 ^s 
maximum clock period is needed for RFCK to distribute 
refreshing of all the rows over the 2 ms period. 

The DP8409 provides hidden refreshing in mode 5 when 
the refresh clock (RFCK) is high and the microprocessor is 
not accessing RAM. In other words, when the DP8409’s 
chip select is inactive because the microprocessor is 


accessing elsewhere, all four RAS outputs follow RASIN, 
strobing the conten ts of th e on-chip refresh counter to 
every memory bank. RASIN going high terminates the hid- 
den refresh and also increments the refresh counter, 
preparing it for the next refresh cycle. Once a hidden 
refresh has taken place, a forced refresh will not be re- 
quested by the DP8409 for the current RFCK cycle. 

However, if the microprocessor continuously accessed 
the DP8409 and memory while RFCK was high, a hidden 
refresh could not have taken place and now the system 
must force a refresh. Imme diately after RFCK goes low, 
the Refresh Request signal (RFRQ) from the DP8409 goes 
low, in dicating a forced refresh is necessary. First, when 
RFRQ goes low any time during S2 to S7, the controller in- 
terface circuit waits until the en d of th e current memory 
access cycle and then sets M2 (RFSH) low. This refresh 
takes four microprocessor clocks to complete. If the cur- 
rent cycle is another memory cycle, the 68000 will auto- 
matically be put in four wait states. Alternately, when 
RFRQ goes low while AS is high during SO to SI , M2 is now 
set low at S2. Therefore, it requires an additional micro- 
processor clock for this refr esh. Once the DP8409 is in 
mode 1 forced refresh, all the RAS outputs remain high un- 
til tw o RGCK trailing edges after M2 goes low, when all 
RAS outputs go low. This allows a m inimum of one and a 
half clock periods of RGCK for RAS pre char ge time. As 
specified in the DP8409 data sheet, the RAS outputs re- 
main low for two clock peri ods o f RGCK. The refresh 
counter is incremented as the RAS outputs go high. Once 
the forced refresh has ended, M2 is brought high, the 
DP8409 back to mode 5 auto access. Note that RASIN for 
the pending access is not given until it ha s bee n delayed 
for a full microprocessor clock, allowing RAS precharge 
time for the coming access. 

If the 68000 bus is inactive (i.e., the 68000’s instruction 
queue is full, or the 68000 is executing internal operations 
such as a multiply instruction, or the 68000 is in halt 
state...) and a refresh ha s been requested, a refresh will 
also take place because RFRQ is continuously sampled 
while AS is high. Therefore, refreshing under these condi- 
tions will be transparent to the microprocessor. Conse- 
quently, the system throughput is increased because the 
DP84322 allows refreshing while the 68000 bus is inactive. 

The 84322 is a standard National Semiconductor PAL 
part (DM PALI 6R4). The user can modify the PAL equa- 
tions to support his particular application. The 84322 
logic equations function table (functional test), and 
logic diagram can be seen at the end of this data sheet. 
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Timing Diagrams (Continued) 

68000 Memory Read Cycle and Forced Refresh (Wait = 0, Pin 5 = R/W) 
(4 wait clock periods inserted for forced refresh) 


DP84322 DETECTS START OF 
CYCLE, SO INSERTS REFRESH CYCLE 


DP84322 CONTINUES 
MEMORY ACCESS CYCLE 


OUTPUTS 

FROM 

68000 


OUTPUTS 

FROM 

0P84322 


OUTPUTS 

FROM 

DP8409 
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Timing Diagrams (Continued) 


Memory Read Cycle and Forced Refresh (Wait = 1, Pin 5 = 0) 


DP84322 DETECTS START OF 
‘ CYCLE, SO INSERTS REFRESH CYCLE ' 


CLOCK I S7 A SO I SI I S2 A S3 I S4 I SW I SW ASW I SW I SW I SW I SW I SW I SW I SW I SS I SB 
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DP8408, DP8409 and 68000 Interface 



‘These outputs may need resistors. 
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Timing Diagrams (Continued) 


68000 Memory Read Cycle and Memory Refresh (Wait and Pin 5 = 1) 


DP8432Z DETECTS START OF I DP84322 CONTINUES 

CYCLE, SO INSERTS REFRESH CYCLE I MEMORY ACCESS CYCLE 


OUTPUTS 

FROM 

68000 


OUTPUTS 

FROM 

0P84322 


OUTPUTS 

FROM 

DP8408/9 


OUTPUT 

FROM 

DP84300 
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PAL16R4 

DP84322 

Dynamic RAM Controller Interface for the 
MC68000-: DP8409 Memory System 
CK /AS / UDS /LDS R /RFRQ /CAS /CS WAIT GND 
/OE /CL /CU 1C IB /A /RFSH /DTACK / RASIN VCC 

IF (VCC) RASIN = AS • /RFSH • /A + 

RFSH • R • A • WAIT 

IF (CS) DTACK = /R • CAS • WAIT + 

UDS • /A • IB • /WAIT + 

LDS • /A • /B • /WAIT 4- 
AS • /R • /A • /B • /WAIT + 

AS • / RFSH • R • /A • /B • WAIT 

RFSH : = /AS • RFRQ + 

RFSH • /R • 1C • WAIT + 

RFSH • R • /A • WAIT + 

RFSH • 1C • /WAIT 

A : = RFSH 

B: = A 

C : = B 

IF (VCC) CU = UDS • CDS 
IF (VCC) CL = LDS • CAS 


Function Table 

CK AS UDS LDS R RFRQ CAS CS WAIT OE CL CU C B A RFSH DTACK RASlN 


C H L 
C H L 
C H L 
C H H 
C H H 
C L L 
C L . L 
C L H 
C L H 
C L L 
C H H 
C H H 
C H H 
C L H 
C L H 
C L H 
C L H 
C L H 
C L H 
C H H 
C H H 
C H H 
C L L 
C L L 
C L L 
C L L 
C L L 
C H H 
C H H 
C H H 
C H H 
C L L 
C L L 
C L L 
C H H 
C H H 


L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 


H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
L H 
L H 
L H 
L L 
L L 
L H 
L H 
L H 
L H 
L H 
L H 
L H 
L L 
L L 
L H 
L H 
L H 
L H 
L H 
L H 
L H 
H L 
H L 
H H 
H H 
H H 
H H 
H H 


H H L L H H 

L H L L L L 

L H L L H L 

L H L L L H 

H H L L H H 

H L L L H H 

L L L L H L 

L L L L H H 

L L L L H H 

L L L L H L 

H L L L H H 

H L L L H H 

H L L L H H 

H L L L H H 

H L L L H H 

H L L L H H 

H L L L H H 

L L L L L H 

L L L L L H 

L L L L H H 

H L H . L H H 

H L H L , H H 

H L H L H H 

H L H L H H 

H L H L H H 

H L H L H H 

L L H L L L 

L L H L H H 

H H H L H H 

H L H L H H 

H L H L H „ H 

H L H L H H 

H L H L H H 

L L H L H L 

L L H L H H 

H L H H H H 


X X X X X 

X X X X X 

X X X X X 

XXX X X 

H H H H Z 

H H H H L 

H H H H L 

H H H H H 

H H H H L 

H H H H L 

H H H H H 

H H H L H 

H H L L H 

H L L L H 

L L L L H 

L L L H H 

L L H H H 

L H. H H L 

H H H H L 

H H H H H 

H H H L H 

H H L L H 

H L L L H 

L L L L H 

L L L H H 

L L H H H 

L H H H L 

H H H H L 

H H H H Z 

H H H L H 

H H L L H 

H L L H H 

L L H H H 

L H H H L 

H H H H H 

Z Z Z Z H 


H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 
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L 

L 

H 

H 
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National 

Semiconductor 


Dynamic Memory Support 

PRELIMINARY 


DP84332 Dynamic RAM Controller Interface Circuit for the 
8086 and 8088 CPUs 


General Description 


The DP84332 dynamic RAM controller interface Is a Pro- 
grammable Array Logic* (PAL) device which allows for 
easy interface between the DP8408 dynamic RAM con- 
troller and the 8086 and 8088 microprocessors. No wait 
states are required for memory access. Memory refresh- 
ing may be hidden (no wait states) or forced (up to three 
wait states). 

The DP84332 supplies all the control signals needed to 
perform memory read, write, and refresh. Logic is also 
included to insert a wait state when using slow memory. 


Features 

■ Low parts count controller for the DP8408/DP8409 

■ Works with 8086 systems configured in min or max 
mode 

■ Performs hidden refresh using the DP8408 dynamic 
RAM controller 

■ Compatible with both the 8086 and 8088 
microprocessors 

ri Capable of working at all CPU clock frequencies up to 
8 MHz 

■ Standard National Semiconductor PAL part 
(DMPAL16R8) 

■ PAL logic equations can be modified by the user for 
his specific application and programmed into any of 
the PALs in the National Semiconductor family, in- 
cluding the new high speed PALs. 


Connection Diagram 


Block Diagram 


Dual-ln-Line Package 
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Order Number DP84322N-3 
NS Package Number N20A 


*PAL Is a registered trademark of Monolithic Memories, Inc. 
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Recommended Operating 
Conditions (Commercial) 



Min Typ 

Max 

Units 

V cc , Supply Voltage 

4.75 5.00 

5.25 

V 

1 oh> High Level Output Current 


-3.2 

mA 

I 0 l, Low Level Output Current 


24 

mA 

T a , Operating Free Air 
Temperature 

0 

(Note 2) 
75 

°C 


Electrical Characteristics over recommended operating temperature range 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 


V|H 

High Level Input Voltage 


2 




VlL 

Low Level Input Voltage 




0.8 

V 

V IC 

Input Clamp Voltage 

V cc = Min, 1 1 = — 1 8 mA 



-1.5 

V 

X 

o 

> 

High Level Output Voltage 

Vqq = Min, V|h = 2 V, Vn_ = 0.8V, Iqh = Max 




V 

_i 

o 

> 

Low Level Output Voltage 

V cc = Min, V| H = 2V, V, l = 0.8V, l 0L =Max - 



0.5 

V 

!ozh 

Off-State Output Current 
High Level Voltage Applied 

V cc = Max, V, H = 2V, V 0 = 2.4V, V, L = 0.8V 



100 

fiA 

'oZL 

Off-State Output Current 
Low Level Voltage Applied 

V cc = Max, V, H = 2V, V 0 = 0.4V, V, L = 0.8V 



-100 


ll 

Input Current at 
Maximum Input Voltage 

V cc = Max, V, = 5.5V 


■ 

1.0 

D 

IlH 

High Level Input Current 

V cc = Max, V, = 2.4V ' 



25 


IlL 

Low Level Input Current 

V cc = Max, V, = 0.4V 



-250 

fA 


Short Circuit Output Current 

V cc = Max 

-30 


-130 

mA 

icc 

Supply Current 

V cc = Max 


150 

225 

(Note 1) 

mA 


DP84332-3 Switching Characteristics over recommended ranges of temperature and V cc 


Symbol 

Parameter 

Conditions 
R L = 667fi 

Commercial 
T A = 0°C to +75°C 
V cc = 5.0V ±5% 

Units 

Min 

Typ 

Max 

tpD 

Clock to Output 

C L = 45 pF 


15 

25 

ns 

tpzx 

Pin 11 to Output Enable 

C L = 45 pF 


15 

25 

ns 

*PXZ 

Pin 11 to Output Disable 

C u =5 pF 


15 

25 

ns 

t w 

Width of Clock 

High 


25 



ns 

Low 


25 



ns 

fsu 

Set-Up Time 


40 



ns 

. t H 

Hold Time 


0 

-15 


ns 


Note 1: Ice = max at minimum temperature. 
Note 2: One output at a time; otherwise 16 mA. 
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System Block Diagram 


Interfacing the DP8408 to an 8086 System 
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For CKs8 MHz Ml = ‘O', M0 = T 
For CK>8 MHz Ml = T, M0 = 'O’ 


DATA BUS 

Mnemonic Description 


•These outputs may need resistors. 

INPUT SIGNALS 

OUTPUT SIGNALS 

CLOCK 

The CLOCK signal determines the timing of 
the outputs and should be connected directly 
to the 8086 clock. 

RASIN 

This output provides a memory cycle start 
signal to the DP8408, and provides RAS tim- 
ing during refresh. 

AO, BHE 

These inputs come from the 8086 CPU. They 

CASH, 

These signals are the separate CASs needed 


must remain stable during the memory cycle 
for proper operation of the CAS outputs. 

CASL 

for byte writing. Their presence is controlled 
by BHE and AO respectively. 

CE 

Chip enable. This input is used to select the 
memory and enable the hidden refresh logic. 

RDY 

This output is used to insert a wait state into 
the 8086 memory cycles when selected and 

ALE 

Address latch enable. This input is used to 
indicate the beginning of a memory cycle. 


during a forced refresh cycle where the 8086 
attempts to access the memory. The 8284A 

RFCK 

Refresh clock. The period of this input deter- 
mines the refresh interval. The duty cycle of 


clock circuit should be configured so that 
ASYNC is enabled. 


this clock will determine the length of time 
that the circuit will attempt a hidden refresh. 

RFSH 

This output controls the mode of the DP8408 
dynamic RAM controller. When low, it 

AWAIT 

RFRQ 

When connected to V CCl the DP84332 will in- 
sert an extra wait state in selected memory 
cycles. 

Refresh request. This input' requests the 
DP84332 to perform a refresh. The state of 
the RFCK input will determine what type of 
refresh will be performed. 


switches the DP8408 into an all RAS refresh 
mode. This signal is also used to reset the 
refresh request logic. 
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Functional Description 

A memory cycle starts when chip select (CS) and address 
latch enable (ALE) are true. RASIN is supplied from the 
DP84332 to the DP8408 dynamic RAM controller, which 
then supplies a RAS signal to the selected dynamic RAM 
bank. After the necessary row address hold time, the 
DP8408 switches the address outputs to the co lumn ad- 
dress . The D P843 32 then supplies the required CAS sig- 
nals (CAS H, CASL) to the RAM. For byte operations, only 
one CAS will be activated. To differentiate between a read 
and a write, the DT/R signal from the CPU is inverted and 
supplied by the DP8408 to the memory array. 

A refresh cycle is started by one of two conditions. One is 
when a refresh is requested (RFRQ is true), refresh clock 
(RFCK) is high, and a non-selected memory cycle is 
started (CE is not true, ALE is high). This is called hidden 
refresh because it is transparent to the CPU. In this case, 
the address supplied to the memories c omes from the re- 
fresh counter in the DP8408, and no CAS signals are 
generated from the DP84332. The second form of refresh 
occurs when a refresh is requested, refresh clock is low, 
and there is no memory cycle in progress. This is called 
-forced refresh, because the CPU will be forced to wait dur- 
ing the next memory cycle to allow for the refresh to be 
performed. In this case, a refresh is performed as before, 
but any attempt to access memory .is delayed by wait 
states until after the refresh is finished. In ei ther ca se, the 
refresh request is cleared by the refresh line (RFSH) which 
also goes to the DP8408. 

In a standard memory cycle, the access can be slowed 
down by one clock cycle to accommodate slower mem- 
ories. This extra wait state will not appear during the hid- 
den refresh cycle, so faster devices on the CPU bus will 
not be affected. 

With higher speed systems, memory speed requirements 
will affect the performance of the system. Table I shows 
memory speed requirements at three different CPU clock 
speeds. 


TABLE I. MEMORY SPEED REQUIREMENTS 



l CAC = access time from CAS Including delay through buffers (DP84244) 
*RAH = row address hold time from RAS 


System Description 

For memory operation, the DP84332 can be directly con- 
nected between the control signals from the C PU c hip set 
and the DP8408 dynamic RAM controller. Each CAS output 
of the DP84332 is capable of driving eight memory 
devices. If additional drive is required, a DP84244 buffer 
can be used to increase the fanout to the full capabilities 
of the DP8408 (eight memories per output of the DP84244). 

The 84332 is a standard National Semiconductor PAL 
part (DMPAL16R8). The user can modify the PAL equa- 
tions to support his particular application. The 84332 
logic equations, function table (functional test) and 
logic diagram can be seen at the end of this data sheet. 

Refresh Request Logic 

To generate the refresh request for the DP84332, external 
circuitry is required. Figure 1 shows how this can be im- 
plemented, using standard SSI and MSI logic. A 
DM74LS393 counter is used to time the period between 
refresh cycles, while the DM74LS74 flip-flop is used to 
record the need of a new refresh. A better solution is to use 
the 24-pin DP84300 programmable refresh timer, as shown 
in Figure 2. This part allows a maximum amount of time for 
a hidden refresh to occur before lowering the refresh clock 
output, and implements the refresh request logic. 



FIGURE 1. Using a Flip-Flop and a Counter for 
Refresh Request Logic 



FIGURE 2. Using the DP84300 Refresh Counter for 
Refresh -Request Logic 
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Timing Diagrams (Continued) 


Transparent Refresh 
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16R8 

DP84332 

Dynamic RAM Controller Interface for the 8086-8408 System 

CK AO /BHE ICS ALE RFCK WAIT / RFRQ NC GND /OE / RASIN /CA /CB 

RDY /RFSH /A IB I MRQ VCC 

MRQ:= /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • CS • ALE • /RFCK + 

MRQ • RASIN + 

RASIN • /CA • /CB • RDY • RFSH • /A • / MRQ • CS • ALE 

B: = RASIN • /CA • /CB • RFSH • /A • /B + 

RASIN • /CA • /CB • /RDY • /RFSH • /A • /B • WAIT + 

RASIN • RDY • /RFSH • A • /B 

A:= RASIN • /CA • /CB • RDY • /RFSH • /A • IB • /WAIT + 

RASIN • RDY • /RFSH • /A • B + 

RASIN • RDY • / RFSH • A • IB 

RFSH:= /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • ICS • ALE • RFCK + 

/RASIN • /CA • /CB • RDY • /RFSH • /A • IB • /MRQ • RFRQ • /RFCK + 

RASIN • /CA • /CB • RFSH • /A • /B 

/RDY:= /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • MRQ • RFRQ • CS • ALE • /RCFK + 

RASIN • /CA • /CB • RDY • RFSH • /A • / MRQ • CS • ALE + 

/RASIN • /CA • /CB • RDY • /RFSH • /A • IB • I MRQ • / RFRQ • CS • ALE • WAIT + 

/RASIN • /CA • /CB • / RDY • /RFSH • /A • /B • MRQ • /RFRQ • WAIT + 

RASIN • /CA • /CB • / RDY • RFSH • /A + 

/RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • CS • ALE • RFCK • WAIT 

CB: = RASIN • /CA • /CB • /RFSH • /A • /B • BHE + 

RASIN • CB • RDY • /RFSH • /A • B • WAIT + 

RASIN • CB • RDT • / RFSH • A • /B 

CA: = RASIN • /CA • /CB • /RFSH • /A • /B • /AO + 

RASIN • CA • RDY • /RFSH • /A • B • WAIT + 

RASIN • CA • RDY • RFSH • A • IB 

RASIN: = /RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • /RFRQ • CS • ALE + 

/RASIN • /CA • /CB • /RDY • /RFSH • /A • /B • MRQ • /RFRQ + 

RASIN • /CA • /CB • / RFSH • /A • /B + 

RASIN • RDY • /RFSH • /A • B • WAIT + 

/RASIN • /CA • /CB • RDY • /RFSH • /A • /B • /MRQ • RFRQ • ALE • RFCK + 

/RASIN • /CA • /CB • RDY • /RFSH • /A • IB • I MRQ • RFRQ • /RFCK + 

RASIN • /CA • /CB • RFSH • /A • /B + 

RASIN • RDY • /RFSH • A • IB 
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Function Table 
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84332 Logic Diagram PAL16R8 
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Interfacing the DP8408/09 
To Various Microprocessors 


National Semiconductor 
Application Note AN-309 
Chuck Pham 
June 1982 


High storage density and low cost have made dynamic 
RAMs the designer’s choice in most memory applica- 
tions. However, the major drawback of dyn amic RAMs 
is the complex timing involved. First, a RAS must occur 
with the row address previously set up on the multi- 
plexed address bus. After the ro w ad dress has been 
held for some minimum time after RAS (namely the row 
address hold time of the dynam ic RA Ms, t RA H)> the 
column address is set up and then CAS occurs. In addi- 
tion, refreshing must be done periodically to keep all 
memory cells charged. 

With the introduction of the DP8408 Dynamic RAM Con- 
troller/Driver, the above complexities are simplified. The 
DP8408 is housed in a 48-pin package with eight multi- 
plexe d ad dress outputs (QO-7) and six control outputs 
(RASO-3, CAS, WE). It consists of two 8-bit address 
latches and an 8-bit refresh counter. All the output 
drivers are capable of driving 500 pF loads. 

The following discussion demonstrates a typical appli- 
cation of the DP8408 Dynamic RAM Controller/Driver in 
Z8000TM. and Z80® -based systems. The DP8408 
basically has six modes of operation: Externally Con- 
trolled Refresh, Externally Controlled All-RAS Write, Ex- 
ternally Controlled Access, Auto Access (slow t RA n), 
Auto Access (fast t RAR ) and Set End of Count. 

The DP8408 , operating in the auto access mode, requires 
only RASIN to initiate a memory access cycle because 
all the dynamic RAM’s control signals are automatically 
delayed from this input. (Refer to Figure 1 for the auto 
access timing sequence.) 

In the following applications, the DP8408 operates in 
either mode 5 or mode 6 Auto Access and mode 1 or 2 
Externally Controlled Refresh to provide minimum addi- 
tional logic. 

The DP8408 and Z8000 Interface 
Memory Access Cycle: 

Figure 2a shows the detailed block diagram of the Z8000 
and the DP8408 interface. Consider a memory cycle of 
the Z8000; first, the memory address is output on the 
Address and Data multiplexed busJADO-15) during T1 
and is latched to the DP8408 by AS. Simul taneously, 
MREQ goes low and is used to provide RASIN t o ini tiate 
a memory transaction cycle. Then the selected RAS out- 
put, row addres s hol d time (t RAH ), colum n addre ss set up 
time (t ASC ) and CAS output will follow RASIN as deter- 
mined by the auto access modes. A maximum of one 
wait state is required for 6MHz and 10M Hz C PUs. This 
wait state is automatically inserted by the CAS output of 

the DP8408. For systems using byte-writing, the 

DM74S158 provides two separate CAS outputs for ac- 


cessing the low and high byte of memory. Note that DS 
from the Z8000 i s als o gated with the DP8408’s CAS out- 
put to generate CASL and CASH. This guarantees the 
valid data from the Z8000 being written into memory dur- 
ing memory write cycles. Refer to Figure 3 for the de- 
tailed memory transaction cycle timing. 

The following formula allows the designer to determine 
the p rope r memory speed in terms of tc A c (access time 
from CAS): 

tcAc max. = 3 x t cC - tdc(MR) - t R | CL - tc A sdiy - 
tsDR(C) - 15. 

The Z8000 parameters: 

t cC : clock cycle time 
tsDFt(C): read data to clock \ set up time 
tdc(MR): clock to MREQ delay 
The DP8408, 74S158 and 74LS245 parameters: 
tRici.: RASIN to CAS delay 
tcASdiy- the propagation delay of the 74S158 
15ns: the propagation delay of the 74LS245 
(at 50 pF load) 

For the 10MHz CPU and the DP8408: 
tcAc max. = 300 - 40 - 131 — 14 — 10— 15 = 90ns. 

• t R!CL max. (mode 6) = 131 ns at 15pF load. 

• l CASdly max - = 14 n s at 50 pF load. 

Since MREQ is connected dire ctly to RASIN, t RP (RAS 
precharge time) and t RAS (RAS pulse width) are deter- 
mined by MREQ high and low, respectively. 

Memory Refresh Cycle: 

The Z8000 CPU contains a refresh rate counter for 
automatic memory refresh. This counter should be pro- 
grammed during the processor initialization to deter- 
mine the refresh rate. Since memory refresh is auto- 
matically inserted by the Z8000, there is no additional 
refresh arbitration logic allowed. The CPU’s ST ATUS 3 
(ST3) output can be directly connected to the M2 (RFSH) 
pin of the DP8408. During the memory refresh cycle, ST3 
goes low, setting the DP8408 in the exte rnal control 
refres h mode (mode 2). Then all four RAS outputs will 
follow MREQ to strobe the DP8408’s refresh address to 
all memo ry banks (the Z8000 refresh address is ignored). 
As MREQ goes high again, the DP8408 increments its re- 
fresh counter, preparing it for the next refresh cycle. 
Refer to Figure 4 for the refresh cycle timing. Note that 
ST3 also goes low during the internal cycle, I/O refer- 
ence cycle and interrupt acknowledg e cycl e, but the 
memory will not be refreshed because MREQ is not ac- 
tive during these cycles. The DP8408 on-chip refresh 
coun ter wi ll not be incremented when M2 goes low un- 
less MREQ is inserted. 


PAL Is a registered trademark ol Monolithic Memories, Inc. 
Z80 and Z80A are registered trademarks of Zilog Corp. 
Z8000 Is a trademark of Zilog Corp. 
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Figure 1. Auto Access Timing Sequence 
(Mode 5 or Mode 6) 



Figure 2a. Z8000 and DP8408 Interface 
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(4) CASH (BANK 0) 


(7) CASH (BANK1) 


(9) CASL (BANKO) 


(12) CASL (BANK1) 


Figure 2b. CASH and CASL Decoder 


When the processor is in either halt state (by executing 
the privileg ed HA LT instruction) or single-stepping 
mode (when STOP input is low), it introduces memory 
refresh cycles. However, care should be taken when the 
CPU is in either a WAIT state or a Bus Acknowledge 
cycle, that thp dynamic RAM refresh will not take place. 
If these conditions occur over a long period of time, a 
burst refresh is recommended. This can be done by tog- 
gling RASIN while keeping M2 low, until all the rows of 
the dynamic RAM have been refreshed, then the CPU 
can resume its operations. 


The DP8408 and Z80A® Interface 
Instruction Fetch Cycle: 

Figure 5 shows the detailed interconnections between 
the DP8408, the Z80® and the Dynamic RAMs. Figure 6 
shows the timing during an Ml cycle (op code fetch). The 
program counter is output on the address bus at the 
beginning of the Ml cycle. One-half clock later, MREQ 
goes active. This input is used to provide RASIN to the 
DP8408 to access the dynamic memory. Subsequently, 


the s elected RAS output, Row to Colum n Selec t and then 
CAS output will automatically follow RASIN as deter- 
mined by the Auto Access modes of the DP8408. The RD 
line also goes active to indicate a memo ry re ad cycle is 
in progress. After tcAc (access time from CAS), read data 
becomes valid. This da ta is _sampled on the rising edge 
of T3, then bot h MRE Q and RD go inactive. Immediately 
following this, RFSH goes low, putting the DP8408 in the 
Externally Controlled R efres h mode. The MREQ goes 
active causing all four RAS outputs to go active to 
perform a refresh to all the banks of the dynamic RAMs. 
Note that during memory refresh cycles, the refresh 
address from the CPU is output on the address bus. 
However, the contents of the DP8408 on-chip refresh 
counter are used instead to provide the row address to 
the dynamic memory array. Since the Z80 provides only a 
7-bit refresh address, it is an advantage to use the 
DP8408 8-bit refresh counter to support 64k dynamic 
RAMs direc tly. The DP8408 refresh counter is incre- 
mented as MREQ returns high, ending the memory 
refresh. The RFSH goes inactive returning the DP8408 
back to the Auto Access mode, preparing It for the next 
access cycle. 
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DP8408 OUTPUTS 



Figure 5. DP8408 and Z80A Interface 
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Memory Access Cycle: 

Figure 7 shows the timing of the memory read and 
memory write cycle other than for the Ml op cod e fetch 
cycle. Simi lar to t h e op co de fetch cycle, MREQ is used 
to provide RASIN. MREQ goes active after the add ress 
to the memory has had time to stabilize . Aga in, RAS out- 
put, Row to Column Select and then CAS output will 
automatically follow RASIN to access the sp ecified 
memory location. For a memory rea d cyc le, both MREQ 
and RD go active, and as a result, WIN remains high 
(refer to Figure 5), which allows a m emory read opera- 
tion to occur. On the other hand, on ly MR EQ goes active 
during a write cycle, which forces WIN low, indic ating 
an early write cycle. It should be noted that the CAS 
output to the memory array will not go low until WR 
goes low during memory write cycles as this guarantees 
the valid CPU data will be written into memory. 

It is worth mentioning that the Z80 CPU provides power- 
ful block transfer instructions. An example is the LDIR 
(load, increment and repeat); using only this instruction, 
the programmer can move any block of data from the 


location pointed to by the D and E registers. This opera- 
tion is repeated until the byte counter (B and C 
registers) reaches zero. Thus, this single instruction can 
move any block of data from one location to any other. 
Due to the fact that this instruction is refetched after 
each data byte transfer, the memory refresh cycle 
always takes place even though a transfer of up to 64k 
bytes of data may be performed. Furthermore, when the 
CPU has executed the software HALT Instruction and is 
waiting for an interrupt before normal CPU operations 
can resume, the CPU executes NOP instructions to 
maintain memory refresh activity. 

However, care should be taken when the CPU is in either 
WAIT state or a Bus Acknowledge cycle, the dynamic 
RAM refresh will not take place. If these conditions 
occur long enough, a burst r efresh is recommended, 
and it can be done by toggling RASIN while keeping M2 
low until all the rows of the dynamic RAM have been 
refreshed before the CPU can resume its operation. 



Figure 7. Z80A Memory Read and Memory Write Cycle 
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The following formulas allow designers to select the 
appropriate dynamic memory, based on different CPU 
and DP8408 speed versions, to allow the CPU full speed 
of operation: 

max. t CA c : 1 -5 x t Cmi n - t D L+(MR) - tRICL - 

tCASDLY ” ts+P) 

min. t RP : tw(MRH) = tw(<}'H) + tf-20 
min. t RAS : tw(MRL)-20 = t c -50 
Dynamic RAM Parameters: 

tcAc' access time from CAS 
t RP : RAS precharge time 
t R As' RAS pulse width 
Z80 Parameters: 

tc: clock period 

tw(<t>H): clock pulse width, clock high 
tf: clock fall time 

t DL $(MR): MREQ delay from falling edge of clock, 
MREQ low 

t s *(D): Data set up time to rising edge of 
clock during Ml cycle 
DP8408 and 74S00 Parameters: 

t R iCL- RASIN to CAS output delay 

tcASDLY : propagation delay of the two 74S00 
NAND gates 

For example, if the Z80A (4 MHz) and the DP8408 are 
used, then: 

max. t CA c : 1-5(250) -85 -132 -13 -50 = 95 ns 
min. t RP : 110 + 20-20 = ilOns 
min. t RAS : t c - 50 = 200ns 
Iricl max. 

(mode 6): 132 ns at 15 pF load 
tcASDLY max.: 13ns at 50 pF load 

Therefore, in this case, the designer should choose a 
dynamic memory which has maximum tcAc of 95ns, 
minimum t RP of 110ns and minimum t RA s of 200ns. 

DP8409 and MC68B09E Interface 
DP8409 Overview: 

The DP8409 Dynamic RAM Controller/Driver is designed 
to control all multiplexed-address dynamic RAMs. It con- 
sists of two 9-bit address latches and a 9-bit refresh 
counter, thus allowing control of all 16k, 64k, and the 
coming generation 256k dynamic RAMs. More important, 
all the DP8409 outputs are capable of driving 500 pF 
loads. 

The DP8409 basically has eight modes of operation: 

Externally Controlled Refresh, Automatic Forced 

Refresh, Internal Auto Burst Refresh, All RAS Auto 
Write, Externally Controlled Access, Auto Access (slow 
t RA H and with hidden refresh), Fast Auto Access (fast 
Irah) and Set End of Count. Of all these modes, Auto 
Access (mode 5) and Auto Forced Refresh (mode 1) are 
the most popular and will be us ed thro ughout this 
application. Mode 5 requires only RASIN to initiate a 
memory access cycle, because all the dynamic RAM’s 


control signals are automatically delayed from this 
input, as shown in Figure 1. To attain maximum system 
throughput, it is obviously advantageous to perform 
refreshes without interrupting the system. The DP8409 
can do this by monitoring the CS input to see if it is 
high. If CS is high, the RAMs are not being accessed. If 
CS is high for one cycle, the DP8409 performs a hidden 
refresh during this cycle, and stops in time for the 
system to start another access. But if a hidden refresh 
does not occur in a specific time slot, a refresh must be 
forced and this can be done by using Mode 1, Automatic 
Forced Refresh. 

To perform automatic forced refresh, the DP8409 must 
receive two clock sig nals : the refresh period clock, 
RFCK, and RGCK, the RAS-generator clock; RGCK can 
be the microprocessor clock. It takes approximately 
four RGCK clock periods to perform this automatic 
forced refresh. The DP8409 gives preference to hidden 
refresh using RFCK as a level reference. The refresh 
time slot commences as RFCK goes high. If CS goes 
high while RFCK is high, the refres h co unter is enabled 
in the address outputs. All four RAS output s follow 
RASIN; so to perform a hidden refresh, RASIN must be 
set low and the refresh counter gets incremented as 
RASIN goes high. The DP8409 allows only one such 
hidden refresh to occur with a clock cycle of RFCK to 
minimize power consumption. 

If a hidden refresh does not occur the DP8409 must 
force a refresh before RFCK begins a new cycle on a 
iow-to-high transition. Therefore, as RFCK goes low 
(and a hidden refresh has not occurred), RF I/O (Refresh 
Request) goes low, requesting that a refresh be per- 
formed. When the system acknowledges the request, it 
sets M2 low, and prevents further access to the DP8409. 
Then t wo RG CK negative edges after M2 has gone low, 
all four RAS outputs go low and and rema in low for two 
RGCK clock periods. After all four RAS outputs have 
gone low, M2 can go high any time to end the Automatic 
Forced Refresh. The DP8409 allows only one automatic 
refresh to occur within a clock cycle of RFCK. 

Memory Access: 

The MC68B09E starts a memory access cycle when E 
goes low, then the memory address becomes valid on 
the Address Bus AO-15. This address is decoded to 
provide Chip Select ( CS) to the DP8409. Then Q goes 
high and sets RASIN low from the PAL® Control Logic 
as shown in Figure 12. Note that CS must go low for a 
minimum of 10ns before the assertion of RASIN for a 
proper memory access. This is important because a 
false hidden refresh may take place when this 10 ns 
minimum setup time is not met. RASIN goes low initiat- 
ing the auto access sequence as shown in Figure 1. 
Mode 5 guarantees a 30ns minimum for row address 
hold t ime an d a minimum of 8ns column address set up 
time. RASIN remains low until E goes low at the end of 
the current access cycle. Using the 16R6 A-1 Program- 
mable Arr ay L ogic (25ns PAL), the maximum access 
time from CAS of the selected dynamic RAM is deter- 
mined as follows: 

Max.t CAC : 3x125-25-160-40=150 ns 8409 
t CA c ; 3x125-25-130-40=180 ns 8409-2 

Q high to 

E low: 3 x 125 ns (8 MHz clock) = 375 ns 
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Q hig h to 

RASIN low: 25 ns (16R6 A-1 PAL Parameter) 
RASIN to CAS 


Output low: 


Read data setup 
time (before E 
going low): 


160 ns (DP8409’s t R | C u Mode 5, at 
500 pF load) 

130 ns (DP8409-2’s t R , CL ) 


40 ns 


Memory Refresh: 

As described above, RASIN goes active when Q and/or E 
are high. This scheme, therefore, maximizes chances for 
hidden refresh because CS is high during nondynamic 
memory cycle. For example, when the CPU is executing 
ijnternal operation or the CPU is accessing ROM or I/O, 
CS is high during these time s. The DP8409 therefore per- 
forms a hidden refresh as RASIN goes low, assuming 
that RFCK is high. 


However, if no hidden refresh occurs while RFCK was 
high, RF I/O goes low immediately after the RFCK high-to- 
low transition requests a forced refresh. The PAL Control 
Logic samples RF I/O, when E and Q are high and low 
respectively, to set M2 (RFSH) low, as shown in Figure 13. 
Once M2 has gone low, a forced refresh automatically 
occurs (as described in the DP8409 Overview). M2 remains 
low for four system clock periods to allow for this forced 
refresh. If the current microprocessor cycle is a non- 
dynamic memory cycle (CS is hig h), this ref resh is trans- 
parent to the microprocessor and STRETCH remains high 
(E and Q are not stretched). Nevertheles s, if the cu rrent 
cycle is a dynamic memory access cycle, STRETCH goes 
low str etching E and Q for a maximum of four system 
clocks. RASIN for the pending access will be issued a full 
syste m clock after M2 has gone high; this is to allow some 
RAS prechargetimeforthedynamic RAM. Afterthis, mem- 
ory will be accessed in the manner as described in the 
Memory Access Cycle. 




Figure 8. NSC800 and DP8408 Interface 
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NSC 800 OUTPUTS 



Figure 9. NSC800 Op Code Fetch Cycle 
Showing Memory Refresh 
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•IF CS IS HIGH THROUGHOUT THIS CYCLE (RFCK IS ALSO HIGH), HIDDEN 
REFRESH OCCURS INSTEAD OF A MEMORY ACCESS. 


Figure 12. MC68B09E Memory Read Cycle 
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Figure 14. PAL (16R6 A-1) Control Logic 
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Memory Systems with ECC 
Using the DP8400 


National Semiconductor 
Application Brief #2 
Brian Edem 
June 1982 


This brief explains how a memory system can easily per- 
form single error correction, double error detection, auto 
accessing and refreshing of memory, and byte writing. 

Figure 1 shows the NS16032 with DP8409, DP8400, and a 
2-PAL® (Programmable Array Logic) controller. The 
memory cycle for the NS16032 starts at the CPU clock 
cycle where the address strobe goes active. At the 
middle of this clock cycle, the 74ALS02 latch is set, pro- 
viding RASIN to the DP8409 Dynamic RAM Controller, 
which starts its Auto Access cycle. The latch output is 
also sent to the two PAL controllers, indicating that a 
memory cycle has started. On the next PAL clock cycle 
(50ns later), the PALwill enter oneof five memory cycles: 
Read, Byte-Write, Word-Write, or Cycle Inhibit. 

For a read cycle, one wait state will be needed, so the 
controller pulls the NCWAIT line low for one CPU clock 
cycle. Three CPU clock cycles after RASIN, the correct- 
ed data is latched at the output of the DP8400, the 
memory buffers are disabled, and the DP8400’s output 
buffers are enabled. At the beginning of the fifth CPU 
clock cycle, the CPU latches the data from the data bus, 
and the PAL deactivates all control signals, resets the 
74ALS02 latch, and outputs an interrupt to the CPU if a 
double error is detected. This allows the CPU to grace- 
fully crash or perform a memory test on the system. 

In a byte-write cycle, the data must first be read from 
memory to be corrected if necessary. The new byte to be 
written, along with the byte that remains unchanged, will 
then be written to memory with the new checkbits. 

The byte-write memory cycle needs two wait states, so 
the PAL controller f irst pulls the NCWAIT line low for two 
CPU clock cycles. Three CPU clock cycles after RASIN is 
activated, corrected data is latched at the output of the 
DP8400. Also at this time the memory buffers are dis- 
abled, the new byte from the CPU and the unaddressed 
memory byte from the DP8400 are enabled onto the inter- 
nal data bus, creating a new word of data. A half of the 
CPU clock cycle after the new data is enabled, it is 
latched into the DP8400, the mode of which has been 
changed to generate check bits. A half of the CPU clock 
cycle after the data has been latched into the input of the 
DP8400, the data is again latched at the output to the 
DP8400 along with the newly generated check bits. Also 
at this time, a write strobe is generated by the PAL. At 
the end of the write strobe, the PAL outputs a reset 
pulse, resetting the 74ALS02 latch. If a double bit error 
occurred during the read portion of the memory cycle, 
then the interrupt will be triggered. 


For a word-write cycle, no wait states are used. The 
buffer from the CPU is enabled, the DP8400 is put into a 
write mode, and the DP8409 is instructed to write mem- 
ory. After CAS has occurred, the PAL controller resets 
the 74ALS02 latch. 

During any memory cycle that the dynamic RAM is not 
selected, the controller effectively performs a cycle 
inhibit, allowing the DP8409 to perform a refresh if 
needed. One CPU clock cycle after the cycle starts, the 
74ALS02 latch is cleared. The DP8409will use this short 
RASIN strobe to generate an All-RAS strobe if a hidden 
refresh is pending. 

If a hidden refresh has not occurred in the allocated time 
(period of RFCK high), a forced refresh will be requested. 
The PAL controller will wait for the end of the current 
memory cycle, and immediately request a cycle hold, 
and then switch the DP8409 to the auto refresh mode. 
While the NS16201 is in the cycle hold state, NTSO will 
stay high, preventing the start of another memory cycle. 
After sufficient time has been allowed for the DP8409 to 
perform a forced refresh, the PAL controller will remove 
the cycle hold. 

Figure 2 shows how, using the 68000, DP8409and DP8400, 
and a controller, the same functions can be performed 
with a memory system controlled by a 68000 micro- 
processor. Timing for the 68000 system is similar to that 
for the NS 16000, except for forced refresh and the 
generation of RASIN. The 68000 does not have a feature 
equivalent to cycle hold, so DTACK (Data Acknowledge) 
must be delayed if a memory cycle is requested during a 
forced refresh. 


PAL Is a registered trademark of Monolithic Memories, Inc. 
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Figure 1. Memory System for NS16032 Using DP8409, 
DP8400, and 64k Dynamic RAMs, Performing Error 
Checking/Correcting, Refreshing and Byte-Writing 
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Figure 2. Memory System for the 68000 Using 
DP8409, DP8400 and 64k Dynamic RAMs 
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Section 8 ■■■ 

a 

Microprocessor 

Support ■■ 


TEMPERATURE RANGE 
■ 55 °C to + 125 °C 0°C to + 70 °C 


DESCRIPTION 


PAGE 

NUMBER 


DP8212M DP8212 8-Bit Input/Output Port 

‘DP8216M DP8216 4-Bit Bidirectional Bus Transceiver 

‘DP8226M DP8226 4-Bit Bidirectional Bus Transceiver 

— DP8224 Clock Generator and Driver 

‘DP8228M DP8228 System Controller and Bus Driver 

‘DP8238M DP8238 System Controller and Bus Driver 

— NS16201 NS16000 Timing Control Unit 


8-4 

8-11 

8-11 

8-16 

8-22 

8-22 

Microprocessor 


‘Also available screened in accordance with MIL-STD-883 Class B. Refer to National Semiconductor’s "The Reliability Handbook”. 




MICROPROCESSOR SUPPORT CIRCUITS 


DESCRIPTION 

GENERAL 

PURPOSE 

8080 

CPU 

| PART NUMBER j 

PAGE 

NO. 

0°C to +70° C 

~55°C to +125°C 

8-Bit I/O Port 

• 

• ' 

DP8212 

DP8212M 

8-4 

4-Bit Parallel Receiver/Driver 

• 

• 

DP8216, 

DP8216M, 

8-11 




DP8226 

DP8226M 

8-11 

Clock Generator/Driver 


• 

DP8224 


8-16 

System Controller/Bus Driver 


• 

DP8228, 

DP8228M, 

8-22 




DP8238 

DP8238M 

8-22 

8-Bit 48 mA Bus Transceiver 

• 


DP8303 

DP7303 

2-6 

8-Bit 48 mA Bus Transceiver 

• 


DP8304B 

DP7304B 

2-11 

8-Bit 48 mA Bus Transceiver 

• 


DP8307 

DP7307 

2-16 

8-Bit 48 mA Bus Transceiver 

• 


DP8308 

DP7308 

2-20 

CRT Controller 

• 

• 

DP8350 


5-6 

CRT Controller 

• 

• 

DP8352, 


5-6 

CRT Controller 

• 

• 

DP8353 


5-6 

Octal D-Type Latch 

• 


MM74C373 

MM54C373 

CMOS 

Octal D-Type Flip-Flop 

• 


MM74C374 

MM54C374 

CMOS 

16-Key Encoder' 

• 


MM74C922 

MM54C922 

CMOS 

20-Key Encoder 

# 


MM54C923 

MM54C923 

CMOS 

Octal Transparent D Latch 

• 


DM74LS373 

DM54LS373 

LOGIC 

Octal Edge-Triggered D Flip-Flop 

• 


DM74LS374 

DM54LS374 

LOGIC 















DP8212/DP8212M 


National Microprocessor Support 

Semiconductor 

DP8212/DP8212M 8-Bit Input/Output Port 


General Description 

The DP8212/DP8212M is an 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
device, which is fabricated using Schottky Bipolar tech- 
nology, is part of National Semiconductor's N8080A 
microcomputer family. The DP8212/DP8212M can be 
used to implement latches, gated buffers, or multi- 
plexers. Thus, all of the major peripheral and input/ 
output functions of a microcomputer system can be 
implemented with this device. 

The DP8212/DP8212M includes an 8-bit latch with 
TRI-STATE® output buffers, and device selection and 
control logic. Also included is a service request flip-flop 
for the generation and control of interrupts to the 
microprocessor. 


Features 

• 8-Bit Data Latch and Buffer 

• Service Request Flip-flop for Generation and Control 
of Interrupts 

• 0.25mA Input Load Current 

• TRI-STATE TTL Output Drive Capability 

• Outputs Sink 15mA 

• Asynchronous Latch Clear 

• 3.65V Output for Direct Interface to INS8080A 

• Reduces System Package Count by Replacing Buffers, 
Latches, and Multiplexers in Microcomputer Systems 



N8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings 


Operating Conditions 


Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to 5.5V 

Output Currents 125 mA 

Maximum Power Dissipation* at 25°C 

Cavity Package 1903 mW 

Molded Package 2005 mW 

’Derate cavity package 12.7 mW/°C above 25°C; derate molded 
package 16.0 mW/°C above 25° C. 


Supply Voltage (Vcc) 
DP8212M 
DP8212 

Operating Temperature (T^) 
DP8212M 
DP8212 


MIN 

MAX 

UNITS 

4.50 

5.50 

VdC 

4.75 

5.25 

V DC 

-55 

+125 

°C 

0 

+75 

°C 


Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under dc electrical characteristics. 

Electrical Characteristics (Min < Ta < Max, Min < Vcc Max, unless otherwise noted) 


SYMBOL PARAMETER 


F Input Load Current, 

STB, DS2, CLR, Dl i— Dig Inputs 


Input Load Current, MD Input 


Input Load Current, DS1 Input 


Input Leakage Current 

STB, DS2, CLR, D^-DIg Inputs 


Input Leakage Current, MD Input 


Input Leakage Current, DS1 Input 


Input Forward Voltage Clamp 


Input "Low" Voltage 


Input "High" Voltage 


Output "Low" Voltage 


Output "High" Voltage 


Short-Circuit Output Current 


Output Leakage Current, High 
Impedance State 


Power Supply Current 


CONDITIONS 


Vp = 0.45V 


Vp = 0.45V 


Vp = 0.45V 


Vr = Vcc Max 


Vr = Vcc Max 


Vr = Vcc Max 


Ic = -5 mA 



IQL = 10 mA 


IQL = 15 mA 


DP8212M 


DP8212 


DP8212M 


DP8212 


|QH = -0.5 mA DP8212M 


|QH = -1.0 mA DP8212 


Vq = 0V, Vcc = 5V 


Vq = 0.45V/Vcc Max 


DP8212M 


DP8212 
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Capacitance * 

F = 1MHz, V B lAS = 2.5V, Vcc = 5V, T A = 25°C. 


SYMBOL 

PARAMETER 

C|N 

DS1 , MD Input Capacitance 

C|N 

DS2, CLR, STB, D 1 -j — Dig Input Capacitance 

COUT 

D01-D08 Output Capacitance 



TYP 

MAX 

UNITS 

9 

12 

PF 

5 

9 

PF 

8 

12 

PF 


'This parameter is sampled and not 100% tested. 
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DP8212/DP8212M 



























































































































Switching Characteristics 

(Min < T/\ < Max, Min < Vcc ^ Max) 


SYMBOL 

PARAMETER 

CONDITIONS 

i DP8212M | 

i DP8212 | 

UNITS 

MIN 

MAX 

MIN 

MAX 

tpw 

Pulse Width 


40 


30 


ns 

tPD 

Data to Output Delay 

(Note 5) 


30 


30 

ns 

tWE 

Write Enable to Output Delay 

(Note 5) 


50 


40 

ns 

tSET 

Data Set-Up Time 


20 


15 


ns 

tH 

Data Hold Time 


30 


20 


ns 

tR 

Reset to Output Delay 

(Note 5) 


55 


40 

ns 

*S 

Set to Output Delay 

(Note 5) 


35 


30 

ns 

tE 

Output Enable/Disable Time 

(Note 6) 


50 


45 

ns 

tc 

Clear to Output Delay 

(Note 5) 


65 . 


55 

ns 


Switching Conditions 

Conditions of Test: 

1. Input Pulse Amplitude = 2.5 V. 

2. Input Rise and Fall Times = 5ns. 

3. Between IV and 2 V Measurements made at 1.5V 
with 15mA & 30pF Test Load. 

4. Cl includes jig and probe capacitance. 

5. Cl = 30 P F. 

6. Cl = 30 pF except for DP8212M t£(DISABLE) Cl = 5 pF 


Test Load Alternate Test Load 

(Refer to Timing Diagram) 
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DP8212/DP8212M 





DP8212/DP8212M 


Logic Diagram 


T55T 

13> 0S 2 


rrr> stb 
rm >- cis 

[~2~*> MD 




h=o 


-t> 


Logic Table A 


STB 

MD 

<DS r DS 2 ) 

DATA OUT 
EQUALS 

0 

0 

0 

TRI-STATE 

1 

0 

0 

TRI-STATE 

0 

1 

0 

DATA LATCH 

1 

1 

0 

DATA LATCH 

0 

0 

1 

DATA LATCH 

1 

0 

1 

DATA IN 

0 

1 

1 

DATA IN 

1 

1 

1 

DATA IN 


‘Internal Service Request flip-flop. 


CLR “V resets data latch to the output low state. 

The data latch clock is level sensitive, a low level clock 
latches the data. 


Logic Table B 


CLR 

(DS v DS 2 ) 

STB 

KB 


0 RESET 

0 

0 

0 

1 

1 

0 

0 . 

0 

1 

1 

0 


1 

0 

1 

1 RESET 

0 

0 

0 

1 

0 

0 

0 

1 


(DSt ■ 0S2) 




D> Dl ' 


I 5 > 0I 2 


Q> Dl 3 


I 9 > 014 


Qs> Dis 


nr> dib 


nr> di 7 


QE> D'8 



lUr r ERS \ 


do 2 [T> 


p 4 


p 4 




QT> 


doi n~~> 


DO 3 [~ 8 ~> 


D04 nr> 


DO 5 | 15 > 


■ D06 E> 


0 ^' • D07 Ql> 


D0 S E> 


Functional Pin Definitions 

The following describes the function of all the DP8212/ 
DP8212M input/output pins. Some of these descriptions 
reference internal circuits. 


INPUT SIGNALS 

Device Select (DS-j, DS 2 ): When DSi is low and DS 2 is 
high, the device is selected. The output buffers are enabled 


and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MD): When high (output mode), the output buffers 
are enabled and the source of the data latch clock input is 
the device selection logic (DSi ■ DS 2 ). When low (input 
mode), the state of the output buffers is determined by the 
device selection logic (DSi • DS 2 ) and the source of the 
data latch clock input is the strobe (STB) input. 
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Functional Pin Definitions (Continued) 

Strobe (STB): Used as data latch clock input when the 
mode (MD) input is low (input mode). Also used to synch- 
ronously set the service request flip-flop, which is negative 
edge triggered. 

Data In (Dlj - Dig): Eight-bit data input to the data latch, 
which consists of eight D-type flip-flops. Incorporating a 
level sensitive clock while the data latch clock input is high, 
the Q output of each flip-flop folfows the data input. When 
the clock input returns low, the data latch stores the data 
input. The clock input high overrides the clear (CLR) 
input data latch reset. 

Clear (CLR): When low, asynchronously resets (clears) 
the data latch and the service request flip-flop. The service 
request flip-flop is in the non-interrupting state when reset. 


OUTPUT SIGNALS 

Interrupt (INT): Goes low (interrupting state) when either 
the service request flip-flop is synchronously set by the 
strobe (STB) input or the device is selected. 

Data Out (DOj - DOg): Eight-bit data output of data 
buffers, which are TRI-STATE, non-inverting stages. These 
buffers have a common control line that either enables the 
buffers to transmit the data from the data latch outputs or 
disables the buffers by placing them in the high-impedance 
state. 


Connection Diagram 


□ Si — 

1 

— 

24 

— Vcc 

MD 

2 


23 

INT 

on— 

3 


22 

— oia 

DO) 

4 


21 

DOS 

D ?2 

5 


20 

— di 7 

D02 — 

6 

DP8212/ 

19 

— D 07 

013 — 

7 

DP8212M 

18 

— Dip 

D 03 — 

8 


17 

DU J 

Dig — 

9 


16 

— 015 

DOg — 

10 


15 

— 005 

STB — 

11 


14 

— cut 

GND — 

12 


13 

DSj 


Order Number DP8212J, DP8212N 
or DP8212MJ 

See NS Package J24A or N24A 


Applications in Microcomputer Systems 


Gated Buffer 
(TRI-STATE) 


Vcc- 


GATING 

CONTROL 


INPUT 

DATA 

(250 M A) 


o 


DP8212/ 

DP8212M 


£= 


CLR 

pTMD PS; 


GNO 


R> 


OUTPUT 
DATA 
(15mA) 
(3.65V MIN) 


VCC 
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DP8212/DP8212M 








Applications in Microcomputer Systems (Continued) 

Interrupting Input Port 


INPUT » 


STROBE 

1 

(FROM INPUT 

STB 

DEVICE) 


SYSTEM ( \ 

OP8212/ 

INPUT 

DP8212M 

SYSTEM r n 

CLR INT 

RESET U 

OSiMD 0 S 2 

PORT_T 

T ' 

J GND 


Interrupt Instruction Port 
Vcc 


RESTART 
INSTRUCTION 
(RST0-* RST7) 


TO PRIORITY CKT 
"(ACTIVE LOW) 


PORT SELECTION 
INTERRUPT ACKNOWLEDGE 



Output Port (with Hand-Shaking) 


SYSTEM 

INTERRUPT 



OUTPUT STROBE 
(HANDSHAKING 
SIGNAL FROM 
OUTPUT DEVICE) 


PORT SELECTION 
' (LATCH CONTROL) 


IIMS8080A Status Latch 


f oo 

I D, 

02 
0 3 
0 4 

INS8080A 


CLOCK GEN li>lT1 [ l> 
& DRIVER 


DP8Z12/ LLS_ 
DP8Z12M QF 
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National 

Semiconductor 


Microprocessor Support 


DP8216/DP8216M, DP8226/DP8226M 
4-Bit Bidirectional Bus Transceivers 


General Description 


The DP8216/DP8216M and DP8226/DP8226M are 
4-bit bidirectional bus drivers for use in bus oriented 
applications. The non-inverting DP8216/DP8216M and 
inverting DP8226/DP8226M drivers are provided for 
flexibility in system design. 

Each buffered line of the four-bit driver consists of two 
separate buffers that are TRI-STATE® to achieve direct 
bus interface arid bidirectional capability. On one side 
of the driver the output of one buffer and the input of 
another are tied together (DB); this side is used to inter- 
face to the system side components such as memories, 
I/O, etc., because its interface is TTL compatible and it 
has high drive (50 mA). On the other side of the driver 
the inputs and outputs are separated to provide maximum 
flexibility. Of course, they can be tied together so that 
the driver can be used to buffer a true bidirectional bus. 
The DO outputs on this side of the driver have a special 
high voltage output drive capability so that direct inter- 
face to the 8080 type CPUs is achieved with an adequate 
amount of noise immunity. 

The CS input is a device enable. When it is "high" the 
output drivers are all forced to their high-impedance 
state. When it is a "low" the device is enabled and the 
direction of the data flow is determined by the DIEN 
input. 


Logic and Connection Diagrams 


The DIEN input controls the direction of data flow, 
which is accomplished by forcing one of the pair of 
buffers into its high-impedance state and allowing the 
other to transmit its data. A simple two-gate circuit is 
used for this function. 


Features 

■ Data bus buffer driver for 8080 type CPUs 

■ Low input load current — 0.25 mA maximum 

■ High output drive capability for driving system data 
bus — 50 mA at 0.5 V 

■ Power up-down protection 

■ DP8216/DP8216M have non-inverting outputs 

■ DP8226/DP8226M have inverting outputs 

■ Output high voltage compatible with direct interface 
to MOS 

• TRI-STATE outputs 

■ Advanced Schottky processing 

■ Available in military and commercial temperature 
ranges 
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DP8216/DP8216M 


DP8226/PD8226M 




Dual-ln-Line Package 


CHIP SELECT T5— 1 
DB 1 DATA OUTPUT DOfl— 2 


DATA INPUT DlQ — 14 


DATA OUTPUT D0i— 15 


DATA INPUT Dlj-^7 


1«iL nTTH DATA IN ENABLE 
lap- Ultra ( 0IR£CTl0N CONTROL) 


14l— DO 3 DATA OUTPUT 


12 — DI 3 DATA INPUT 
II — 002 DATA OUTPUT 


Order Number DP8216J, DP8216N, DP8226J, 
DP8226N, DP8216MJ or DP8226MJ 
See NS Package J16A or N16A 
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DP8216/DP8216M, DP8226/DP8226M 






DP8216/DP8216M, DP8226/DP8226M 


Absolute Maximum Ratings (Note d 

Operating Conditions 



Min 

Max Units 


Min Max Units 1 

All Output and Supply Voltages -0.5 

+7.0 V Supply Voltage, Vcc 



All Input Voltages -1.0 

Output Currents 

Storage Temperature -65 

Maximum Power Dissipation at 25°C 

+55 v DP8216M, DP8226M 

A DP8216, DP8226 

125 mA 

+ 1 c 0 ° c Temperature, Ta 

DP8216M, DP8226M 
DP8216, DP8226 

4.5 5.5 V 

4.75 5.25 V 

55 +125 °C 

0 +70 °C 

Cavity Package 

1509 mW 





Molded Package 

1476 mW 





Lead Temperature (soldering, 10 seconds) 

+300 °C 





*Derate cavity package 10.1 mW/°C above 25° C; derate molded package 11.8 mW/°C 





above 25° C. 







Electrical Characteristics DP8216 , dps 226 v C c = 5 v ± 5% (Notes 2, 3, and 4) 



Parameter 


Limits 


Symbol 

Description 

Conditions 

Min 

Typ 

Max 

Units 

DRIVERS 

V|L 

Input Low Voltage 




0.95 

V 

V|H 

Input High Voltage 


2 



V 

IF 

Input Load Current 

Vp = 0.45 V 


-0.03 

-0.25 

mA 

|r 

Input Leakage Current 

Vr = 5.25 V 



10 

pA 

Vc 

Input Clamp Voltage 

lc = -5 mA 



-1.2 

V 

VOLI 

Output Low Voltage 

lOL = 25 mA 


0.3 

0.45 

V 

VOL2 

Output Low Voltage 

DP8216 l0L = 55mA 
DP8226 l O L = 50mA 


0.5 

0.6 

V 

VOH 

Output High Voltage 

lOH = -10mA 

2.4 

3.0 


V 

•sc 

Output Short Circuit Current 

V C C = 5.0 V 

-30 

-75 

-120 

mA 

Hol 

Output Leakage Current TRI-STATE 

Vq = 0.45 V/5.5 V 



100 

juA 

RECEIVERS 

V|L 

Input Low Voltage 




0.95 

V 

VlH 

Input High Voltage 


2 



V 

IF 

Input Load Current 

Vp = 0.45 V 


-0.08 

-0.25 

mA 

v c 

Input Clamp Voltage 

1C = -5 mA 



-1.2 

V 

v OL 

Output Low Voltage 

*OL = 15 mA 


0.3 

0.45 

V 

v OH1 

Output High Voltage 

lOH = -1 mA 

- 3.65 

4.0 


V 

'sc 

Output Short Circuit Current 

V 0 «0V 

-15 

-35 

-65 

mA 

Hoi 

Output Leakage Current TRI-STATE 

Vq = 0.45 V/5.5 V 



20 

pA 

CONTROL INPUTS (CS, DIEN) 

VlL 

Input Low Voltage 




0.95 

V 

V|H 

Input High Voltage 


2 



V 

IF 

Input Load Current 

Vp = 0.45 V 


-0.15 

-0.5 

mA 

• r 

Input Leakage Current 

Vr = 5.25 V 



20 

PA 

>cc 

Power Supply Current 




■ 



DP8216 



95 

■ 

mA 


DP8226 



85 


mA 
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DP8216/DP8216M, DP8226/DP8226M 

































































































































DP8216/DP8216M, DP8226/DP8226M 


Switching Characteristics (Notes 2, 3, and 4) 


Symbol 

Description 

Conditions 

DP8216M, DP8226M, Vqc = 5V ±10% 

tPDI 

Input to Output Delay, DO Outputs 

CL = 30pF, Rt = 300ft, 
R2 = 600ft 

tPD2 

Input to Output Delay, DB Outputs 
DP8216M 
DP8226M 

C|_ = 300pF, R-| = 90ft, 
R2 = 180ft 

tE 

Output Enable Time 
DP8216M 
DP8226M 

DO Outputs: C[_ = 30pF, 
R i = 300ft/10kft, 

R2 = 600 ft/1 kft 
DB Outputs: C[_ = 300pF, 
Rl = 90 ft/10 kft, 

R2 = 180 ft/1 kft 


Output Disable Time 
DP8216M 
DP8226M 

DO Outputs: C|_ = 5pF, 
Rl = 300ft/10kft, 

R2 = 600 ft/1 kft 
DB Outputs: Cl = 5 pF, 
Rl = 90 ft/10 kft, 

R2 = 180 ft/1 kft 

DP8216, DP8226 Vcc = 5.0V±5% 

tPDI 

Input to Output Delay, DO Outputs 

Cl = 30 pF, Ri = 300ft, 
R2 = 600ft 

tpD2 

Input to Output Delay, DB Outputs 
DP8216 
DP8226 

Cl = 300 pF, Ri =90 ft, 
R2= 180ft 

tE 

Output Enable Time 
DP8216 
DP8226 

DO Outputs: Cl = 30 pF, 
Rl = 300 ft/10 kft, 

R2 = 600 ft/1 kft 
DB Outputs: Cl = 300 pF, 
Rl = 90ft/10kft, 

R2= 180 ft/1 kft 

t D 

■ 

Output Disable Time 

DO Outputs: Cl = 5pF, 
Rl = 300ft/10 kft, 

R2 = 600 ft/1 kft 
DB Outputs: Cl = 5 pF, 
Rl = 90ft/10kft, 

R2 = 180 ft/1 kft 






25 

ns 

33 

ns 

25 

ns 

75 

ns 

62 

ns 

40 

ns 

38 

ns 


15 

25 

ns 

20 

30 

ns 

16 

25 

ns 

45 

65 

ns 

35 

54 

ns 

20 

35 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Electrical Characteristics" provide conditions for 
actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the —55° C to +125° C temperature range for the DP8216M and DP8226M 
and across the 0°C to +70° C temperature range for the DP8216 and DP8226. Alt typical values are given for Vqq = 5 V and T/^ = 25° C. 
Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 

Note 4: Only one output at a time should be shorted. 
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Test Conditions 


Test Load Circuit 


Vqc 

Input pulse amplitude of 2.5 V. 

Input rise and fall times of 5.0 ns between 1.0 V and 2.0 V. 

Output loading is 5.0 mA and lOpF. 

Speed measurements are made at 1.5 V levels. 


Switching Time Waveforms 



D.5V 


Capacitance t a = 25°c 




Limit 

Symbol 

Parameter 

Min. 

Typ. 

Max. Unit 

C|N 

Input Capacitance 


4 

6 pF 

COUT 

Output Capacitance 





DO Outputs 


6 

10 pF 


DB Outputs 


13 

18 pF 


Note: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, Vbias = 2.5 V, 
V C C = 5.0 V, and T A = 25°C. 
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DP8216/DP8216M, DP8226/DP8226M 




DP8224 


National 

Semiconductor 


DP8224 Clock Generator and 


General Description 

The DP8224 is a clock generator/driver contained in a 
standard, 16-pin dual-in-line package. The chip, which is 
fabricated using Schottky Bipolar technology, generates 
clocks and timing for National Semiconductor's N8080A 
microcomputer family. 

Included in the DP8224 is an oscillator circuit that is 
controlled by an external crystal, which is selected by 
the designer to meet a variety of system speed require- 
ments. Also included in the chip are circuits that provide: 
a status strobe for the DP8228 or DP8238 system con- 
trollers, power-on reset for the INS8080A microproces- 
sor, and synchronization of the READY input to the 
INS8080A. 


Microprocessor Support 


Driver 


Features 

• Crystal-Controlled Oscillator for Stable System 
Operation 

• Single Chip Clock Generator and Driver for INS8080A 
Microprocessor 

• Provides Status Strobe for DP8228 or DP8238 System 
Controllers 

• Provides Power-On Reset for INS8080A Micro- 
processor 

• Synchronizes READY Input to INS8080A Micro- 
processor 

• Provides Oscillator Output for Synchronization of 
External Circuits 

• Reduces System Component Count 



N8080A Microcomputer Family Block Diagram 
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MAX 


UNITS 


Absolute Maximum Ratings (Note 2) 


Supply Voltage 
V CC 
V DD 

Input Voltage 

Storage Temperature Range 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 

Lead Temperature (Soldering, 10 seconds) 


7V 

15V 

-IV to +5.5V 
-65° C to +150°C 

1509 mW 
1476 mW 
300° C 


‘Derate cavity package 10.1 mW/°C above 25°C; derate molded 
package 11 .8 mW/°C above 25° C. 


Operating 

Conditions 


MIN 

Supply Voltage 


V CC 

4.75 

Vqd 

11.4 

Temperature (T^) 

0 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

if 

Input Current Loading 

Vr = 0.45V 



-0.25 

mA 

|r 

Input Leakage Current 

Vr = 5.25V 



10 

juA 

Vc 

Input Forward Clamp Voltage 

1C = -5 mA 



-1.0 

V 

V|L 

Input "Low" Voltage 

V C C = 5V 



0.8 

V 

V| H 

Input "High" Voltage 

RESIN Input 

2.6 



V 



All Other Inputs 

2.0 



V 

V|H— V| L 

RESIN Input Hysteresis 

VCC = 5V 

0.25 



V 

VQL 

Output "Low" Voltage 






(01, 02), Ready, Reset, 
STSTB 

•OL = 2.5 mA 



0.45 

V 

Osc., 02 (TTL) 

• OL = 10 mA 



0.45 

V 

Osc.,02 (TTL) 

lOL = 15 mA 



0.45 

V 

VOH 

Output "High" Voltage 






01,02 

*OH = -100 mA 

9.4 



V 

Ready, Reset 

•OH = -100 /iA 

3.6 



V 

Osc.,02 (TTL), STSTB 

lOH = -1 mA 

2.4 



V 

'sc 

Output Short-Circuit Current 
(All Low Voltage Outputs 
Only), (Note 1) 

Vq = 0V, Vcc = J5V 

-10 


-60 

mA 

icc 

Power Supply Current 




115 

mA 

>DD 

Power Supply Current 




12 

mA 


Note 1 : Caution — 01 and 02 output drivers do not have short circuit protection. 

Note 2: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 3: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DP8224. All typical values are for T/\ = 25°C, 
V C C = 5V, and Vqq = 12V. 


Crystal Requirements* 

Tolerance 0.005% at 0°C to +70°C Equivalent Resistance 75£2 to 20£2 

Resonance Fundamental** Power Dissipation (Min) 4 mW 

Load Capacitance 20 pF to 30 pF 


*lt is good design practice to ground the case of the crystal 
**With tank circuit, use 3rd overtone mode 
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DP8224 


Switching Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

t^i 01 Pulse Width 

C(_ = 20 pF to 50 pF 

2tcY on 

9 



ns 

t02 02 Pulse Width 

5^-3= 

9 



ns 

tQi 01 to 02 Delay 

0 



ns 

tQ2 02 to 01 Delay 

^-,4 

9 



ns 

tD3 01 to 02 Delay 

2tCY 

9 


2tCY on 

9 

ns 

t r 01 and 02 Rise Time 



20 

ns 

tf 01 and 02 Fall Time 



20 

ns 

tD02 02 to 02 (TTL) Delay 

02 TTL, Cl = 30 pF, 

R 1 = 300n, R2 = 600 n 

-5 


15 

ns 

tDSS 02 to STSTB Delay 

STSTB, Cl = 15 pF 
R1 = 2kfi,R2 = 4 kfi 

6t CY 

-30 

. 9 


6t C Y 

9 

ns 

tpw STSTB Pulse Width 

^-15 

9 



ns 

tDRS RDYIN Set-Up Time to Status Strobe 

BO-^ 

9 



ns 

tDRH RDYIN Hold Time After STSTB 

1 ^ 
® n 
-< 



ns 

tQR READY or RESET to 02 Delay 

Ready and Reset. Cl = 10 pF, 
R1 = 2 kft, R2= 4 kST 

9 

' 

. 

ns 

tCLK CLK Period 



t C Y 

9 

' 

ns 

iMAX Maximum Oscillating Frequency 


27 



MHz 

C|N Input Capacitance 

Vcc = 5V. Vpp = 12V, 
VfilAS = 2.5V, f= 1 MHz 



8 

PF 


Test Circuit 


Vcc 
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Waveforms 



VOLTAGE MEASUREMENT POINTS: 01 , 02 Logic "0" = 1 .0V, Logic "1" = 8.0V. All other signals measured at 1 .5V. 


Switching Characteristics (For t CY = 488.28 nS ) 


CONDITIONS 


PARAMETER | 

t01 

01 Pulse Width 

102 

02 Pulse Width 

tDI 

Delay 01 to 02 

tD2 

Delay 02 to 01 

tD3 

Delay 01 to 02 Leading Edges 


E mSSSS^B 

1DSS 

02 to STSTB Delay 

1D02 

02 to 02 (TTL) Delay 

tpw 

Status Strobe Pulse Width 

1DRS 

RDYIN Set-Up Time to STSTB 

tDRH 

RDYIN Hold Time after STSTB 

tDR 

READY or RESET to 02 Delay 

fMAX 

Oscillator Frequency 


01 and 02 Loaded to C[_ = 20 to 50 pF 
Re^dy & Reset Loaded to 2 mA/10 pF 
All Measurements Referenced to 1.5V 
unless Specified Otherwise 
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DP8224 


Functional Pin Definitions 

The following describes the function of all of the 
DP8224 input/output pins. Some of these descriptions 
reference interna! circuits. 

INPUT SIGNALS 

Crystal Connections (XTAL 1 and XTAL 2): Two inputs 
that connect an external crystal to the oscillator circuit 
of the DP8224. Normally, a fundamental mode crystal 
is used to determine the basic operating frequency 
of the oscillator. However, overtone mode crystals 
may also be used. The crystal frequency is 9 times 
the desired microprocessor speed (that is, crystal fre- 
quency equals 1/tcY x 9)- When the crystal frequency 
is above 10 MHz, a selected capacitor (3 to 10 pF) 
may have to be connected in series with the crystal 
to produce the exact desired frequency. Figure A. 

Tank: Allows the use of overtone mode crystals with 
the oscillator circuit. When an overtone mode crystal is 
used, the tank input connects to a parallel LC network 
that is ac coupled to ground. The formula for determin- 
ing the resonant frequency of this LC network is as 
follows: i 

F = 

2ny/LC. 

Synchronizing (SYNC) Signal: When high, indicates the 
beginning of a new machine cycle. The INS8080A 
microprocessor outputs a status word (which describes 
the current machine cycle) onto its data bus during the 
first state (SYNC interval) of each machine cycle. 

Reset In (RESIN): Provides an automatic system reset 
and start-up upon application of power as follows. The 
RESIN input, which is obtained from the junction of 
an external RC network that is connected between V cc 
and ground, is routed to an internal Schmitt Trigger 
circuit. This circuit converts the slow transition of the 
power supply rise into a sharp, clean edge when its input 
reaches a predetermined value. When this occurs, an 
internal D-type flip-flop is synchronously reset, thereby 
providing the RESET output signal discussed below. 

Logic and Connection Diagrams 


For manual system reset, a momentary contact switch 
that provides a low (ground) when closed is also con- 
nected to the RESIN input. 

Ready In (RDYIN): An asynchronous READY signal 
that is re-clocked by a D-type flip-flop of the DP8224 to 
provide the synchronous READY output discussed 
below. 

+5 Volts: Vcc supply. 

+12 Volts: Vqd supply. 

Ground: 0 volt reference. 

OUTPUT SIGNALS 

Oscillator (OSC): A buffered oscillator signal that can 
be used for external timing purposes. 

01 and 02 Clocks: Two non-TTL compatible clock phases 
that provide nonoverlapping timing references for 
internal storage elements and logic circuits of the 
INS8080A microprocessor. The two clock phases are 
produced by an internal clock generator that consists 
of a divide-by-nine counter and the associated decode 
gating logic. Figure B. 

02 (TTL) Clock: A TTL 02 clock phase that can be used 
for external timing purposes. 

Status Strobe (STSTB): Activated (low) at the start of 
each new machine cycle. The STSTB signal is generated 
by gating a high-level SYNC input with the 0 ia timing 
signa l from the internal clock generator of the DP8224. 
The STSTB signal is used to clock status information 
into the status latch of the DP8228 system controller 
and bus driver. 

Reset: When the RESET signal is activated, the content 
of the program counter of the INS8080A is cleared. 
After RESET, the program will start at location 0 in 
memory. 

Ready: The READY signal indicates to the INS8080A 
that valid memory or input data is available. This signal 
is used to synchronize the INS8080A with slower 
memory or input/output devices. 


GE> XTAL ) 
Dl> XTAL 2 


G> SYNC 
G> RESIN 



OSC I 12 > 

<t>] H~P> 
n DE> 

02 (TTL) DE> 

STSTB Q> 

RESET Q> 
READY CI> 


Dual-In-Line Package 



Order Number DP8224J or DP8224N 
See NS Package J16A or N16A 
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Figure A. DP8224 Connection Diagram 





DP8228/DP8228M, DP8238/DP8238M 


OT National 
xJsemicor 


Microprocessor Support 


JCm Semiconductor 

DP8228/DP8228M, DP8238/DP8238M 
System Controller and Bus Driver 

General Description 


The DP8228/DP8228M, DP8238/DP8238M are 

system controller/bus drivers contained in a standard, 
28-pin dual-in-line package. The chip, which is fabri- 
cated using Schottky Bipolar technology, generates all 
the read and write control signals required to directly 
interface the memory and input/output components of 
National Semiconductor's INS8080A microcomputer 
family. The chip also provides drive and isolation for 
the bidirectional data bus of the INS8080A micro- 
processor. Data bus isolation enables the use of slower 
memory and input/output components in a system, 
and provides for enhanced system noise immunity. 

A user-selected single-level interrupt vector (RST 7) is 
provided by the device for use in the interrupt structure 
of small systems that need only one basic vector. No 
additional components (such as an interrupt instruction 
port) are required to use the single, interrupt vector in 
these systems. The d evices also generate an Interrupt 
Acknowledge (INTA) control signal for each byte of a 
multibyte CALL instruction when an interrupt is 


acknowledged by the INS8080A. This feature permits 
the use of a multilevel priority interrupt structure in 
large, interrupt-driven systems. 

Features 

• Single Chip System Controller and Bus Driver for 
INS8080A Microcomputer Systems 

• Allows Use of Multibyte CALL Instructions for 
Interrupt Acknowledge 

• Provides User-Selected Single-Level Interrupt Vector 
(RST 7) 

• Provides Isolation for Data Bus 

• Supports A Wide Variety of System Bus Structures 

• Reduces System Component Count 

• DP8238/DP8238M Provides Advanced Input/Output 
Write and Memory Write Control Signals for Large 
System Timing Control 


N8080A Microcomputer Family Block Diagram 
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Absolute Maximum Ratings Operating Conditions 





MIN 

MAX 

UNITS 

Storage Temperature 

-65° C to +150°C 

Supply Voltage (Vcq) 




Supply Voltage, Vqq 

-0.5V to +7V 

DP8228M, DP8238M 

4.50 

5.50 

VDC 

Input Voltage 

-1 ,5V to +7V 

DP8228, DP8238 

4.75 

5.25 

VdC 

Output Current 

100 mA 

Operating Temperature (T^) 




Maximum Power Dissipation* at 25°C 


DP8228M, DP8238M 

-55 

+125 

°c 

Cavity Package 

2179 mW 

DP8228, DP8238 

0 

+70 

°c 

Molded Package 

2361 mW 






*Derate cavity package 14.5 mW/°C above 25° C; derate molded 
package 18.9 mW/°C above 25° C. 


Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under DC electrical characteristics. 

Electrical Characteristics 

(Min < Ta < Max, Min < Vcc < Max, unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 1) 

MAX 

UNITS 

Vc 

Input Clamp Voltage, All Inputs 

VCC = Min, lc = —5 mA 


0.6 

-1.0 

V 

if 

Input Load Current 

1 Vcc = Max 







STSTB 

Vp = 0.45V for DP8228,DP8238 



500 

pA 


D2 and D6 

Vp = 0.40V for DP8228M, DP8238M 



750 

pA 


DO, D1, D4, D5 and D7 





250 

pA 


All Other Inputs 





250 

pA 

|R 

Input Leakage Current 

VCC = Max, Vr = Vcc 







DB0-DB7 





20 

pA 


All Other Inputs 





100 

pA 

VTH 

Input Threshold Voltage, 
All Inputs 

vcc = sv 

0.8 


2.0 

V 

Icc 

Power Supply Current 

Vcc= Max 

DP8228, DP8238 


160 

190 

mA 



DP8228M, DP8238M 


160 

210 

mA 

VOL 

Output Low Voltage 







D0-D7 

Vcc = Min, loL = 2 mA 

DP8228M, DP8238M 



0.50 

V 



DP8228, DP8238 



0.45 

V 


All Other Outputs 

Vcc = Min, Iql = 10 mA 

DP8228M, DP8238M 



0.50 

V 



DP8228, DP8238 



0.45 

V 

VOH 

Output High Voltage 







D0-D7 

Vcc = Min, Iqh = —10 pA 

DP8228M, DP8238M 

3.3 

3.8 


V 



DP8228, DP8238 

3.6 

3.8 


V 


All Other Outputs 

VCC = Min, loH = -1 mA 

2.4 

3.8 

1 


V 

ios 

Short Circuit Current, All Outputs 

Vcc = 5V, Vo = 0V 

15 


90 

mA 

lO(OFF) 

OFF State Output Current 

Vcc = Max, Vo = Vcc 



100 

pA 


All Control Outputs 

Vcc = Max, Vo = 0.45V 



-100 

pA 

1 1 NT 

INTA Current 

(See Test Conditions, Figure 3) 



5 

mA 


Note 1 : Typical values are for T/^ = 25°C and typical supply voltages. 


Capacitance 

VbiaS = 2.5V, Vcc = 5.0V, T A = 25°C, f = 1 MHz. 



PARAMETER 

MIN 

TYP 
(Note 1) 

MAX 

UNITS 

C|N 

Input Capacitance 


8 

12 

pF 

COUT 

Output Capacitance Control Signals 


7 

15 

pF 

I/O 

I/O Capacitance (D or DB) 


8 

15 

PF 


This parameter is periodically sampled and not 100% tested. 
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DP8228/DP8228M, DP8238/DP8238M 


Switching Characteristics 

(Min < Vqc < Max, Min < Ta < Max) 



PARAMETER 

CONDITIONS 

DP8228M, 

DP8238M 

DP8228, 

DP8238 

UNITS 




MIN 

MAX 

MIN 

MAX 


tpw 

Width of Status Strobe 


25 


22 


ns 

tss 

Set-Up Time, Status Inputs DO— D7 


8 


8 


ns 

*SH 

Hold Time, Status Inputs DO— D7 


5 


5 


ns 

t DC 

Delay from STSTB to Any Control 
Signal 

(Figure 2) 

20 

75 

20 

60 

ns 

t RR 

Delay from DBIN to Control 
Outputs 

(Figure 2) 


30 


30 

ns 

tRE 

Delay from DBIN to Enable/ 
Disable 8080 Bus 

(Figure 1) 

\ 


45 


45 

ns 

t RD 

Delay from System Bus to 8080 
Bus during Read 

(Figure 1) 


45 


30 

ns 

l WR 

Delay from WR to Control Outputs 

(Figure 2) 

5 

60 

5 

45 

ns 

tWE 

Delay to Enable System Bus 
DB0-DB7 after STSTB 

(Figure 2) 


30 


30 

ns 

tWD 

Delay from 8080 Bus DO— D7 to 
System Bus DB0-DB7 during Write 

(Figure 2) 

5 

40 

5 

40 

ns 

tE 

Delay from System Bus Enable to 
System Bus DB0— DB7 

(Figure 2) 


30 


30 

ns 

tHD 

HLDA to Read Status Outputs 

(Figure 2) 


25 


25 

ns 

tDS 

Set-Up Time, System Bus Inputs 
to HLDA 


10 


10 


ns 

tDH 

Hold Time, System Bus Inputs 
to HLDA 


20 


20 


ns 


Test Conditions 



FIGURE 1. Test Load 




FIGURE 2. Test Load FIGURE 3. INTA Test Circuit (For RST 7) 
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Timing Diagram 


inta, uJfl.raEraE 


SYSTEM BUS DURING READ 


INS8080A BUS DURING WRITE 
SYSTEM BUS DURING WRITE 


SYSTEM BUS ENABLE. 



INS8080A BUS DURING READ H 



SYSTEM BUS OUTPUTS ■ 


VOLTAGE MEASUREMENT POINTS: Do - D 7 (when outputs) Logic "0" = 0.8 V, Logic "1 " = 3.0 V. All other signals measured at 1 .5 V. 
•Advanced l/OW MEMW for 8238 only. 


Functional Pin Definitions 

The following describes the function of all of the 
DP8228/DP8228M, DP8238/DP8238M pinouts. Some 
of these descriptions reference internal circuits. 

INPUT SIGNALS 

Status Strobe (STSTB): Activat ed (low ) at the start of 
each new machine cycle. The STSTB input is used to 
store a status word (refer to chart) from the INS8080A 
microprocessor into the internal status latch of the 
dP8228, DP8238. The status word is latched when the 
STSTB returns to the high state. The INS8080A outputs 
this status word onto its data bus during the first state 
(SYNC interval) of each machine cycle. 

Data Bus In (DBIN): When high, indicates that the 
INS8080A data bus is in the input mode. The DBIN 
signal is used to gate data from memory or an input/ 
output device onto the data bus. 

Write (WR): When low, indicates that the data on the 
INS8080A data bus are stable for WRITE memory or 
output operation. 

Hold Acknowledge (HLDA): When high, indicates that 
the INS8080A data and address buses will go to their 
high impedance state. When in the data bus read mode, 
DBIN input in the high state, a high HLDA input will 
latch the data bus information into the driver circuits 
and gate off the applicable control signal I/OR, MEMR, 
or INTA (return to the output high state). 

Bus Enable (BUSEN): Asynchronous DMA input to the 
internal gating array. When low, normal operation of the 
internal bidirectional bus driver and gating array occurs. 
When high, the bus driver and gating array are driven 
to their high impedance state. 

V cc Supply: +5 volts. 

Ground: 0 volt reference. 


OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be 
loaded in from memory. The MEMR signal is generated 
by strobing in status word 1, 2, or 4. (Refer to status 
word chart.) , 

Memory Write (MEMW): When low, signals data to be 
stored in memory. The MEMW signal is generated for 
the DP8238 by strobing in status word 3 or 5. (Refer to 
status word chart.) For the DP8228, the MEMW signal 
is generated by gating a low-level WR input with the 
strobed in status word 3 or 5. 

Input/Output Read (I/OR): When low, signals data to be 
loaded in from an addressed input/output device. The 
I/OR signal is generated by strobing in status word 6. 

Input/Output Write (l/OW): When low, signals data to 
be tra nsferred to an addressed input/output device. The 
l/OW signal for the DP8238 is generated by s trobing in 
status word 7. For the DP8228 the l/OW signal' is 
generated by gating in a low-level WR input with the 
strobed in status word 7. 

Interrupt Acknowledge (INTA): When low, indicates that 
an interrupt has been acknowledged by the INS8080A 
microprocessor. The INTA signal is generated by strobing 
in status word 8 or 10. 

Single Level Interrupt (RST7): When the INTA output 
is tied to 12 V through a 1 k£2 resistor, strobing in status 
word 8 or 10 will cause the CPU data bus outputs, when 
active, to go to the high state. 

INPUT/OUTPUT SIGNALS 

CPU Data (D 7 - D 0 ) Bus: This bus comprises eight 

TRI-STATE input/output lines that connect to the 
INS8080A microprocessor. The bus provides bidirec- 
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DP8228/DP8228M, DP8238/DP8238M 


Functional Pin Definitions (Continued) 


tional communication between the CPU, memory, and 
input/output devices for instructions and data transfers. 
A status word (which describes the current machine 
cycle) is also outputted on this data bus during the first 
microcycle of each machine cycle (SYNC = logic 1). 


System Data (DB 7 -DBq) Bus: This bus comprises eight 
TRI-STATE input/output lines that connect to the 
memory and input/output components of the system. 
The internal bidirectional bus driver isolates the 
DB 7 - DBq Data Bus from the D 7 - Dq Data Bus. 


Status Word Chart 


Machine Cycle 


Instruction Fetch 

Memory Read 

Memory Write 

Stack Read 

Stack Write 

Input Read 

Output Write 

Interrupt Acknowledge 

Halt Acknowledge 

Interrupt Acknowledge While Halt 


Data Bus Bit 

d 4 I D3 I 



Di 

Do 

Signal 

1 

0 

MEMR 

1 

0 

MEMR 

0 

0 

MEMW 

1 

0 

MEMR 

0 

. 0 

MEMW 

1 

0 

TTOR 

0 

0 

iTow 

1 

1 

INTA 

1 

0 

(none) 

1 

1 

INTA 


Block and Connection Diagrams 


DO— ► 

DBo 

D 7 ■ , »» — 

— ► ^ ■ ■ D B i 

P2 » — 

— ► DB2 

D3 ► — 

BIDIRECTIONAL — ► 0B 3 

p 4 ■ » 

BUS DRIVERS — ► DB4 

05 » 

— ► □ B 5 

D6 1 ■ 

— ► « DBg 

D 7 — ► 

-► DBt_ 


Dual-In-Line Package 


■SYSTEM DATA BUS 


DRIVER CONTROL 


■ MEM R 

DB3 — 
D3 - 

9 

MEM W 

082 — 


I/O R 



l/OW 



'BUSEN 

GND 

14 


Tnta 





Order Number DP8228J, DP8228MJ, DP8228N, 
DP8238J, DP8238MJ or DP8238N 
See NS Package J28A or N28A 
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DESCRIPTION 

PAGE 

NUMBER 

DP8340 

Serial Bi-Phase Transmitter/Encoder 

9-3 

DP8341 

Serial Bi-Phase Receiver/Decoder 

9-12 

DP8342 

High-Speed Serial Transmitter/Encoder 

9-23 

DP8343 

High-Speed Serial Receiver/Decoder 
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Data Communications Support 


DP8340 Serial Bi-Phase Transmitter/Encoder 


General Description 

The DP8340 generates a complete encoding of parallel 
data for high speed serial transmission which conforms 
to the protocol as defined by the IBM 3270 information 
display system standard. The DP8340 converts parallel 
input data into a serial data stream. Although the IBM 
standard covers bi-phase serial data transmission over a 
coax line, the DP8340 also adapts to general high speed 
serial data transmission over other than coax lines, at 
frequencies either higher or lower than the IBM standard. 

The DP8340 and its complementary chip, the DP8341 
(receiver/decoder) have been designed to provide maxi- 
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi- 
tion of more receivers at one end of a bi-phase line with- 
out the need of unused transmitters. This is specifically 
advantageous in control units where typical bi-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 


Connection Diagram 


Features 

■ Ten bits per data byte transmission 

■ Single-byte or multi-byte transmission 

■ Internal parity generation {even or odd) 

■ Internal crystal controlled oscillator used for the 
generation of all required chip timing frequencies 

■ Clock output directly drives receiver (DP8341) clock 
input 

■ Input data holding register 

■ Automatic clear status response feature 

■ Line drivers at data outputs provide easy interface to 
bi-phase coax line or general transmission lines 

■ <2ns driver output skew 

■ Bipolar technology provides TTL input/output com- 
patibility 

■ Data outputs power up/down glitch free 

■ Internal power up clear and reset 

■ Single +5V power supply 



AUTO RESPONSE 
TRANSMITTER ACTIVE 


FIGURE 1. Pin-Out Diagram 


Order Number DP8340J or DP8340N 
See NS Package J24A or N24A 
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DP8340 


Block Diagram 


Vcc 


CLOCK 

OUTPUT 


PARITY 

CONTROL/ 

RESET 


TRANSMITTER 

ACTIVE 


EVEN /ODD 
PARITY 


REGISTER 

LOAD 


AUTO 

RESPONSE 



SERIAL 

OUTPUTS 


REGISTERS 

FULL 


Dl2 TO Din 
DATA INPUTS 


FIGURE 2. DP8340 Serial Bi-Phase Transmitter/Encoder Block Diagram 


Block Diagram 
Functional Description 

Figure 2 is a block diagram of the DP8340 Bi-Phase 
Transmitter/Encoder. The transmitter/encoder contains 
a crystal oscillator whose input is a crystal with a 
frequency eight (8) times the data rate. A Clock Output 
is provided to drive the DP8341 receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logic blocks. 

Data is parallel loaded from the system data bus to the 
transmitter/encoder’s input holding register. This data 
is in turn loaded by the transmitter/encoder to its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity 
are generated. The formatted message is then shifted 
out at the bit rate frequency to the TTL to Bi-Phase 
block which generates the pr oper d ata bit formatting. 
The three data outputs, DATA, DATA, and DATA DELAY 
provide for flexible interface to the coax line with a 
minimum of external components. 

The Control Logic block interfaces to all blocks to insure 
proper chip operation and sequencing. It controls the 
type of parity generation through the Even/Odd Parity 
input. An additional feature provided by the transmitter/ 
encoder is generation of odd parity and placement in bit 
10 position while still maintaining even or odd parity in 


the bit 12 position. This is the format of data word bytes 
and other commands in the 3270 Standard. The Parity 
Control input is the pin which controls when this 
operation is in effect. 

Another feature of the transmitter/encoder is the internal 
TT/AR (Transmission Turnaround/Auto Response) cap- 
ability. After each Write type message from the control 
unit in the 3270 Standard, the receiving unit must 
respond with clean status (bits 2 through 11). With the 
transmitter/ encoder this function is accomplished 
simply by forcing the Auto-Response input to the Logic 
"0” state. 

Operation of the transmitter/encoder is automatic. 
After the first data byte is loaded, the Transmitter Active 
output is set and the transmitter/encoder immediately 
formats the input data and serially shifts it out its data 
outputs. If the message is a multi-byte message, the 
internal format logic will modify the message data 
format for multibyte as long as the next byte is loaded 
to the input holding register before the last data bit of 
the previous data byte is transferred out of the internal 
output shift register. After all data is shifted out of the 
transmitter/encoder the Transmitter Active output will 
return to the inactive state. 
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Detailed Pin/Functional Description 

Crystal Inputs XI and X2 

The oscillator is controlled by an external, parallel reso- 
nant crystal connected between the XI and X2 pins. Nor- 
mally, a fundamental mode crystal is used to determine 
the operating frequency of the oscillator; however, over- 
tone mode crystals may be used. 


function is edge sensitive, the data present during the 
logic “0” state of this input is loaded, and the input data 
must be valid before the logic “0” to logic “1” transition. 
It is after this transition that the transmitter/encoder 
begins formatting of data for serial transmission. 


Crystal Specifications (Parallel Resonant) 


Type 

Tolerance 

Stability 

Resonance 

Maximum Series Resistance 
Load Capacitance 


AT-cut crystal 
0.005% at 25 °C 
0.01 % from 0°C to +70°C 
Fundamental (Parallel) 
Dependent on Frequency 
(For 18.867MHz, 50S) 
15pF 


TO PIN X2 
PIN (14) 


TO PIN XI 
PIN (13) 


n u 


vcc 


I I CRYSTAL 

SEE (FIG. 16) 


J 


FREQ 

R 

c 

<20MHz 

5002 

±10% 

30 pF 

>20MHz 

1202 

±10% 

15 pF 


FIGURE 3. Connection Diagram 

If the DP8340 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (XI input) should be 
clocked directly using a Schottky series (74S) circuit. 
Pin 14 (X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 MHz. For the IBM 3270 Interface, 
this frequency is 18.867 MHz. At this frequency, the 
serial bit rate will be 2.358 Mbits/sec. 

Clock Output 

The Clock Output is a buffered output derived directly 
from the crystal oscillator block and clocks at the oscilla- 
tor frequency. It is designed to directly drive the DP8341 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a flag by the external operating 
system. A logic “1” (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic "0” 
state (inactive state). 

Transmitter Active 

This output will be in the logic “1” state while the trans- 
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic “0” 
state indicating no data presently in either the input 
holding or output shift registers. 


Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 


Auto Response (TT/AR) 

This input provides for automatic clear data transmis- 
sion (all bits in logic “0”) without the need of loading all 
zero’s. When a logic “0” is forced on this input the trans- 
mitter/encoder immediately responds with transmission 
of “clean status”. This function is necessary after the 
completion of each write type command and in other 
functions in the 3270 specification. In the logic “1” state 
the transmitter/encoder transmits data entered on the 
Data Inputs. 

Even/Odd Parity 

This input sets the internal logic of the DP8340 trans- 
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 12 position. When this pin is in 
the logic “0” state odd parity is generated. In the logic 
“1” state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify prop- 
er data transmission with its receiver/decoder. 

Parity Control/Reset 

Depending on the type of message transmitted, it is at 
times necessary in the IBM 3270 specification to gen- 
erate an additional parity bit in the bit 10 position. The 
bit generated is odd parity cn the previous eight (8) bits 
of data. When the Parity Control input is in the logic “1” 
state the data entered at the Data Bit 10 position is 
placed in the transmitted word. With the Parity Control 
input in the logic “0” state the Data Bit 10 input is ignored 
and odd parity on the previous data bits is placed in the 
normal bit 10 position while over all w ord parity (bit 12) is 
even or odd (controlled by Even/Odd Parity input). This 
eliminates the need for external logic to generate the 
parity on the data bits. 


Truth Table 


Parity Control Input 

Transmitted Data Bit 10 

Logic “1” 

Data entered on Data Input 10 

Logic “0” 

Odd Parity on 8-bit data byte 


When this input is driven to a voltage that exceeds the 
power supply level (7V to 13V) the transmitter/encoder 
is reset. 


Serial Outputs — DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica- 
tion of data to the Bi-Phase Coax line (see Figure 15 for 
application). The Data outputs are a direct bit represen- 
tation of the Bi-Phase data while the DATA DELAY 
output provides the necessary increment to clearly 
define the four (4) DC levels of the pulse. The DATA and 
DATA outputs add flexibility to the DP8340 transmit- 
ter/encoder for use in high speed differential line driving 
applications. 
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Functional Timing Waveforms — Message Format 

Single Byte Transmission 


TRANSMISSION 
START SEQUENCE 


PARITY 




TRANSMISSION 

TERMINATION 

SEQUENCE 



11111 CODE VIOLATION 1 0 „ 1 10 1 0 

SYNC BIT « BIT BIT BIT BIT 
BIT 2 9 10 11 12 


-STARTING SEQUENCE- 


, ENDING . 
SEQUENCE 


FIGURE 4. Overall Timing Waveforms for Single Byte 


Multi-Byte Transmission 


IDLE ' nmp«rE CODE SYNC 

PATTERN VIQLAT,0N BIT 


PARITY SYNC BIT PARITY 

BYTE 1 } f BYTE 2 BYTE X 


ENDING 

IDLE 

SEQUENCE 

7 



1 1 1 1 1 CODE VIOLATION 1 0 „ 1 1 0 1 

SYNC BIT “BIT SYNC BIT BIT 
BIT 2 12 BIT 2 xi 


-STARTING SEQUENCE - 


_ ENDING 
SEQUENCE' 


FIGURE S. Overall Timing Waveforms for Multi-Byte 















Absolute Maximum Ratings (Note i) 

Supply Voltage, Vcc 7 V 

Input Voltage 5.5 V 

Output Voltage 5.25V 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 seconds) 300°C 

Maximum Power Dissipation* at 25 # C 
Cavity Package 2237 mW 

Molded Package 2500 mW 

* Derate cavity package 14.9 mW/'C above 25*C; derate molded package 
20 mW/'C above 25”C. 

Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

p 

Supply Voltage, (V cc ) 1 

Ambient Temperature, Ta 


Symbol 


V|H 


Parameter 


Logic “1” Input Voltage (All Inputs 
Except XI and X2) 


Logic “0” Input Voltage (All Inputs 
Except XI and X2) 


Vclamp Input Clamp Voltage (All Inputs Except 
XI and X2) 


Logic “1” Input Current 
Register Load Input 


All Others Except XI and X2 


Logic “0” Input Current 
Register Load Input 


All Inputs Except XI and X2 


Logic “1” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 


Logic “1” for CKL OUT, DATA, 
DATA and DATA DELAY Outputs 


Logic “0” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 


L ogic “0 ” for CLK OUT, DATA, 
DATA and DATA DELAY Outputs 


Short Circuit Current for All Outputs 
Except CLK OUT, DATA, DATA, and 
DATA DELAY 


Short Circuit Current for DATA, 
DATA, and DATA DELAY Outputs 


Short Circuit Current for CLK OUT 


Power Supply Current 


Conditions 


V cc = 5.25V 
V| N = 5.25 V 



1 



Vcc = 5.25V 
V| N =0.5V 


Iqh = — 100 fiA 


| 0H =-1mA 


Iqh = -10mA 


oi_ = 5mA 


Iql = 20 mA 


Vout “ 0V 

Note 4 


Vout — 0 V 
Note 4 


Note 4 


V cc = 5.25V 


Typ. Max. Units 




Symbol 


tpdl 


Parameter 


REG LOAD to Transmitter Active 0a) 
Positive Edge 


REG LOAD to REG FULL; Positive Edge 


Register Full to T A ; Negative Edge 


Conditions 


Load Circuit 1 
Figure 7 


Load Circuit 1 
Figure 7 


Load Circuit 1 
Figure 7 


Load Circuits 1 & 2 
Figure 9 


Load Circuits 1 & 2 
Figure 9, Note 6 


REG LOAD to DATA DELAY; Positive Edge Load Circuits 1 & 2 

Figure 9, Note 6 



Positive Edge of REG LOAD to 
Positive Edge of DATA 


REG LOAD to DATA; Positive Edge 



0.35 

0.5 

0.4 

0.6 

-30 

-100 

-140 

-250 

-90 

-200 

170 

250 


Typ. 

Max. 

60 

90 

45 

75 

40 

70 

50 

80 

380 

475 

160 

250 
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Timing Characteristics (Continued) Oscillator Frequency = 18.867MHz (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

fpd7 

Positive Edge of DATA to Negative Edge 
of DATA DELAY 

Load Circuit 2 
Figure 9, Note 6 


100 

115 

ns 

tpd8 

Positive Edge of DATA DELAY to Negative 
Edge of DATA 

Load Circuit 2 
Figure 9, Note 6 


110 

125 

ns 

lpd9> 

tpdIO 

Skew between DATA and DATA 

Load Circuit 2 
Figure 9 


2 

6 

ns 

tpdll 

Negative Edge of Auto Response to 
Positive Edge of TA 

Load Circuit 1 
Figure 10 


70 

110 

ns 

Wl2 

Maximum Time Delay to Load Second Byte 
After Positive Edge of REG FULL 

Load Circuit 1 
Figure 8, Note 6 



4xT— 50 

ns 

tpd13 

XI to CLK OUT; Positive Edge 

Load Circuit 2 
Figure 13 


21 

30 

ns 

tpd14 

XI to CLK OUT; Negative Edge 

Load Circuit 2 
Figure 13 


.23 

33 

ns 

m 

Negative Edge of AR to Positive 
Edge of REG FULL 

Load Circuit 1 
Figure 10 


45 

75 

ns 

tpd16 

Skew between TA and REG FULL during 
Auto Response 

Load Circuit 1 
Figure 10 


50 

80 

ns 

tpd17 

REG LOAD to REG FULL; Positive Edge 
for Second Byte 

Load Circuit 1 
Figure 14 


45 

75 

ns 

tpwl 

REG LOAD Pulse Width 

Figure 12 

40 



ns 

tpw2 

First REG FULL Pulse Width (note 5) 

Load Circuit 1 
Figure 7, Note 6 


8XT + 60 

8XT + 100 

ns 

tpw3 

REG FULL Pulse Width Prior to Ending 
Sequence(Note 5) 

Load Circuit 1, 
Figure 7, Note 6 


5 x B 


ns 

tpw4 

Pulse Width for Auto Response 

Figure 10 

40 . 



ns 


Data Setup Time prior to REG LOAD 
Positive Edge. Hold Time (t H ) = 0 ns 

Figure 12 


15 

25 

ns 

■ 

Rise Time for DATA, DATA, and DATA 
DELAY Output Waveform 

Load Circuit 2 
Figure 11 


7 

13 

ns 


Fall Time for DATA, DATA, and DATA 
DELAY Output Waveform 

Load Circuit 2 
Figure 11 


5 

11 

ns 

tr2 

Rise Time for TA and REG FULL 

Load Circuit 1 
Figure 15 


20 

30 

ns 

tf2 

Fall Time for TA and REG FULL 

Load Circuit 1 
Figure 15 


15 

25 

ns 

Imax 

Data Rate Frequency 
(Clock Input must be 8X this Frequency) 

Note 7 

DC 


3.5 

Mbits/s 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for T A = 25°C and V cc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. ^ 

Note 4: Only one output should be shorted at a time. 

Note 5: T = 1 /(Oscillator Frequency), unit for T should be ns. B = 8T 
Note 6: Oscillator Frequency Dependent. 


Note 7: For the IBM 3270 Interface, the data rate frequency is 2.358 Mbits/s. 
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Load Circuit 1 


Load Circuit 2 


Timing Waveforms 


FIGURE 6. Test Load Circuits 



FIGURE 7. Timing Waveforms for Single Byte Transfer 



WINDOW 

TO LOAD MULTI-BYTE DATA' 
17'/j x B 


FIGURE 8. Maximum Window to Load Multi-Byte Data 



FIGURE 9. Timing Waveforms for Three Serial Outputs 


DP8340 




Timing Waveforms (Continued) 



FIGURE 10. Timing Waveforms for Auto-Response FIGURE 11. Output Waveform for DATA, DATA, DATA 

DELAY (Load Circuit 2) 


-tpwl- 


\ V 

\ 50% / 

|\ Aw 


£ 


DATA OR PARITY 
CONTROL 


I- ts 

-j U — tH=0ns 

Jy 3V 

tpd13 — *-| 


[•* — — 

1 1: 

t 

— A OV 

CLK OUT j 



- tpd14 

I 

50% 


VOL 


FIGURE 12. Register Load Waveform Requirement FIGURE 13. Timing Waveforms For Clock Pulse 




50% 

0V 


-*pd2 


- ( pd17 




VOH 

50% 


A 


-Ipw2 


• i 

tpd3 — *H 


Vnu 

r * 

•OH 
r 50% 
\ V 

ipw3 



-VOL 


-Vql 


FIGURE 14. Timing Waveforms For Two Byte Transfer 


■VOL 


FIGURE 15. Rise and Fall Time Measurement for TA and REG Full 




SYSTEM INTERFACE (3274, 3276, 3276) 


Typical Applications 


18.867 MHz 
(NOTE 3) FIG. 3 



FIGURE 16. Typical Application For IBM 3270 Interface 


i«_ _ 



I — — I 

i 8 


Notes: 1) Resistance values are In ohms, ±5%, %W 

2) T1 Is a 1:1:1 pulse transformer, L M(N = 500|iH for 18MHz system clock 
Pulse Engineering Part No. 5763 

Technitrol Part No. 11LHA or equivalent transformers 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE-18A 
@ 18.867MHz. 


FIGURE 17. Translation Logic 
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DP8341 


Semiconductor 


Data Communications Support 


DP8341 Serial Bi-Phase Receiver/Decoder 


General Description 


The DP8341 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8341 recognizes serial data that conforms to the IBM 
3270 Information Display System Standard and converts 
it into ten (10) bits of parallel data. Although this stand- 
ard covers Bi-Phase serial data transmission over a 
coax line, this device easily adapts to generalized high 
speed serial data transmission on other than coax lines 
at frequencies either higher or lower than the IBM 3270 
standard. 

The DP8341 receiver and its complementary chip, the 
DP8340 transmitter, are designed to provide maximum 
flexibility in system designs. The separation of trans- 
mitter and receiver functions allows addition of more 
receivers at one end of the Bi-Phase line without the 
necessity of adding unused transmitters. This is advan- 
tageous specifically in control units where typically Bi- 
Phase data is multiplexed over many Bi-Phase lines and 
the number of receivers generally outnumber the number 
of transmitters. The separation of transmitter and re- 
ceiver function provides an additional advantage in flex- 
ibility of data bus organization. The data bus outputs of 
the receiver are TRI-STATE®, thus enabling the bus con- 
figuration to be organized as either a common transmit/ 
receive (bi-directional) bus or as separate transmit and 
receive busses for higher speed. 


Features 

■ DP8341 receives ten (10) bit data bytes and conforms 
to the IBM 3270 Interface Display System Standard 

■ Separate receiver and transmitter provide maximum 
system design flexibility 

■ Even parity detection 

■ High sensitivity input on receiver easily interfaces to 
coax line 

■ Standard TTL data input on receiver provides gener- 
alized transmission line interface and also provides 
hysteresis 

■ Data holding register 

■ Multi-byte or single byte transfers 

■ TRI-STATE receiver data outputs provide flexibility 
for common or separated transmit/receive data bus 
operation. 

■ Data transmission error detection on receiver provides 
for both error detection and error type definition 

■ Bi-polar technology provides TTL input/output com- 
patibility with excellent drive characteristics 

■ Single +5V power supply operation 


TRI-STATE* is a registered trademark of National Semiconductor Corp. 


Connection Diagram 


RECEIVER DISABLE 
+AMPLIFIER INPUT 


-AMPLIFIER INPUT 


RECEIVER ACTIVE 


DATA AVAILABLE 
OUTPUT CONTROL 



OUTPUT ENABLE 


FIGURE 1. Pin-Out Diagram 


Order Number DP8341J or DP8341N 
See NS Package J24A or N24A 
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Block Diagram 


DATA 

CONTROL 


DATA (TTL) 


AMPLIFIER 

(INPUT) 


RECEIVER 

DISABLE 



RECEIVER 

ACTIVE 


REGISTER 

READ 


DATA 

AVAILABLE 


OUTPUT 

CONTROL 


OUTPUT 

ENABLE 


ERROR OUTPUT 


PARALLEL OUTPUT DATA 


FIGURE 2. DP8341 Serial Bi-Phase Receiver/ Decoder Block Diagram 


Block Diagram Functional Description 

Figure 2 is a block diagram of the DP8341. This chip is 
essentially a serial in/parallel out shift register. However, 
the serial input data must conform to a very specific for- 
mat (see Figures 3-5). The message will not be recognized 
unless the format of the starting sequence is correct. 
Deviations from the format in the data, sync bit, parity 
or ending sequence will cause an error to be detected, 
terminating the message. 

Data enters the receiver through the differential input am- 
plifier or the TTL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting it 
directly to a transformer coupled coax line, or other trans- 
mission medium. The TTL Data input provides 400 mV of 
hysteresis and recognizes TTL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the ten bits of data are shifted into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. After one complete data 
byte is received, the contents of the input shift register 
is parallel loaded to the holding register, assuming the 
holding register is empty, and the Data Available output 
is set. If the holding register is full, this load will be 
delayed until that register has been read. If another data 
byte is received when the shift register and the holding 


register are full a Data Overflow Error will be detected, 
terminating the message. Data is read from the holding 
register through the TRI-STATE Output Buffers. The 
Output Enable input is the TRI-STATE control for these 
outputs and the Register Read input signals the 
receiver that the read has been completed. 

When the receiver detects an ending sequence the Re- 
ceiver Active output will be reset to a logic “0” indicating 
the message has been terminated. A message will also 
terminate when an error is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic “1 ” and resets 
the Receiver Active output to a logic “0” terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic “0” 
and enabling the TRI-STATE outputs. The data bit out- 
puts have assigned error definitions (see error code 
definition table). The Error output will return to a logic 
"0” when the next starting sequence is received, or 
when the error is read (Output Control to logic “0” and a 
Register Read performed). 

The Receiver Disable input is used to disable both the 
amplifier and TTL Data receiver inputs. It will typically be 
connected directly to theTransmitter Active output of the 
DP8340transmitter circuit (see Figure 12). 
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Detailed Functional Pin Description 

Receiver Disable 

This input is used to disable the receiver’s data inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8340. However, at 
the system controller it is necessary for both the trans- 
mitter and receiver to be active at the same time in the 
loop-back check condition. This variation can be 
accomplished with the addition of minimal external 
logic. 


Truth Table 


Receiver Disable 

Data Inputs 

Logic “0” 

Active 

Logic “1” 

Disabled 


Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a 
differential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data input 
or as a power-up check input. If the system designer 
prefers to use his own amplifier, instead of the one pro- 
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans- 
mission line. 

Data Control 

This input is the control pin that selects which of the 
inputs are used for data entry to the receiver. 


Truth Table 


Data Control 

Data Input To 

Logic “0” 

Data Input 

Logic “1” 

Amplifier Inputs 


Note: This input is also used fortesting. When the inut voltage is raised to 
7.5Vthechipresets. 


Clock Input 

This input is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. For the IBM 
3270 Standard, this frequency is 18.87 MHz or a data bit 
rate of 2.358 MHz. The crystal-controlled oscillator pro- 


vided in the DP8340 transmitter also operates at this 
frequency. The Clock Output of the transmitter is de- 
signed to directly drive the receiver’s Clock Input. In 
addition, the receiver is designed to operate correctly to 
a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys- 
tem when the DP8341 is in the process of receiving a 
message. This output will transition to a logic “1 ” state 
after the receipt of a valid starting sequence and 
transition to logic “0” when a valid ending sequence is 
received or an error is detected. This output combined 
with the Error output will inform the operating system of 
the end of an error free data transmission. 

Error 

The Error output transitions to a logic “1 ” when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic “0”. The Error output returns to a logic “0” after 
the error register has been read or when the next starting 
sequence is detected. 

Register Read 

The Register Read input when driven to the logic “0” 
state signals the receiver that data in the holding regis- 
ter is being read by the external operating system. The 
data present in the holding register will continue to re- 
main valid until the Register Read input returns to the 
logic "1” condition. At this time, if an additional byte is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
in the logic ‘‘0” state for a short interval while a new 
byte is transferred to the holding register after a regis- 
ter read. 

Data Available 

This output indicates the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the Input shift register. This output will transition to the 
logic “1” state as soon as data is available and return to 
the logic “0” state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic “0” 
state, the last data byte read from the holding register 
will remain until new data has been received. 
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Output Control 

The Output Control input determines the type of infor- 
mation appearing at the data outputs. In the logic “1" 
state data will appear, in the logic “0” state error codes 
are present. 

Truth Table 


Output Control 

Data Outputs 

Logic “0” 

Error Codes 

Logic “1” 

Data 



fined in the table below. The Output Control input is the 
multiplexer control for the Data/Error bits. 

Error Code Definition 
Data Bit Error Type 

D02 Data Overflow (Byte not removed from 

holding register when it and the input shift 
register are both full and new data is 
received) 




Output Enable 

The Output Enable input controls the state of the TRI- 
STATE Data outputs. 

Truth Table 


i 

Output Enable 

TRI-STATE® 
Data Outputs 

Logic “0” 

Disabled 

Logic “1” 

Active 


I 


D03 

Parity Error (Odd parity detected) 

D04 

Transmit Check conditions (existence of 
errors on any or all of the following data 
bits: D03, D05, and D06 

D05 

An invalid ending sequence 

D06 

Loss of mid-bit transition detected at other 
than normal ending sequence time 

D07 

New starting sequence detected before 
data byte in holding register has been read 


Data Outputs 

The DP8341 has a ten (10) bit TRI-STATE data bus. Seven 
bits are multiplexed with error bits. The error bits are de- 


Message Format 


Receiver disabled during receiver active 
mode 


Single Byte Transmission 


TRANSMISSION 
START SEQUENCE 


TRANSMISSION 

TERMINATION 

SEQUENCE 


10-BIT DATA BYTE 


ENDING I ,DLE 
SEQUENCE 


TRANSMISSION 

START 


TRANSMISSION 

TERMINATION 


Multi-Byte Transmission 


PARITY , r SYNC BIT PARITY 

BYTE 1 } f BYTE 2 BYTE X' 


QUIESCE C0DE SYNC 

PATTERN ViOUmON BIT 


ENDING I IDLE 
SEQUENCE 
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Message Format 


jinnjin 


LINE QUIESCE 



u"iii_n_njirLJinru 


00 DO DO DO DO DO DO 
2 3 4 5 6 7 8 


DO DODO 
9 10 11 


ENDING 

SEQUENCE 


SYNC 


PARITY 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 


REGISTER 

READ 


u — 

TL/F5238-4 


FIGURE 4A. Single Byte Message 


nrujinni 


CODE 

VIOLATION 


- LAST BYTE - 


ENDING 

SEQUENCE 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 


REGISTER 

READ 


n 


r" 


1_T 




~L 
U “ 


FIGURE 4B. Multi-Byte Message 




CODE 

VIOLATION 


-CORRECT DATA BYTE- 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 


ERROR 


_ruuT_nnj 

ERROR DETECTED 



REGISTER 

READ 


U 


OUTPUT 

CONTROL 


FIGURE 5. Message with Error 
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Absolute Maximum Ratings (Note i) 


Supply Voltage, Vcc 

Input Voltage 

Output Voltage 

Storage Temperature Range 


7V 
+5.5V 
5.25V 
-65°C to 150°C 


Operating Conditions 

r 

Supply Voltage, (V cc ) t 

Ambient Temperature, 0a) 


Max. Units 

5.25 V 

+70 °C 


Lead Temperature (soldering, 10 seconds) 
Maximum Power Dissipation* at 25°C 
Cavity Package 
Molded Package 


2040 mW 
2237 mW 


Derate cavity package 13.6 mW/°C above 25”C; derate molded package 
17.9 mW/“C above 25°C. 


Electrical Characteristics (Notes 2, 3, and 5) 


Symbol 

Parameter 

V,H 

Input High Level 

V|L 

Input Low Level 

_1 

> 

1 

X 

> 

Data Input Hysteresis (TTL, Pin 4) 

V CLAMP 

Input Clamp Voltage 


Conditions 


Logic “1” Input Current 


Logic “0” Input Current 


Logic “1” Output Voltage 


Logic “0” Output Voltage 


Output Short Circuit Current 


TRI-STATE® Output Current 


Amplifier Input Hysteresis 


Power Supply Current 



V cc = 5.25V, Vq = 0.5V 


V cc = 5.25 V 


Timing Characteristics (Notes 2, 6, 7, and 8) 


Symbol 


Conditions 



Output Data to Data Available Positive 
Edge 


Register Read Positive Edge to Data 
Available Negative Edge 


Error Positive Edge to Data Available 
Negative Edge 


Error Positive Edge to Receiver Active 
Negative Edge 


Register Read Positive Edge to Error 
Negative Edge 


Delay from Output Control to Error Bits 
from Data Bits 


Delay from Output Control to Data Bits 
from Error Bits 


First Sync Bit Positive Edge to Receiver 
Active Positive Edge 


Receiver Active Positive Edge to First Data 
Available Positive Edge 


Negative Edge of Ending Sequence to 
Receiver Active Negative Edge 


Data Control Set-up Multiplexer Time Prior 
to Receiving Data through Selected Input 
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Timing Characteristics (cont d) (Notes 2, 6, 7, and 8) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tpwi 

Register Read (Data) Pulse Width 


40 

30 


ns 

Tpw2 

Register Read (Error) Pulse Width 


40 

30 


ns 


Data Available Logic “0” State between 
Data Bytes 


25 

45 


ns 

Ts 

Output Control Set-up Time Prior to 
Register Read Negative Edge 


0 

-5 


ns 

Th 

Output Control Hold Time After the 
Register Read Positive Edge 


0 

-5 


ns 


Delay from Output Enable to Logic “1” or 
Logic “0” from High Impedance State 

Load Circuit 2 


25 

35 

ns 

t ez 

Delay from Output Enable to High Imped- 
ance State from Logic “1” or Logic “0” 

Load Circuit 2 


25 

35 

ns 

Fmax 

Data Bit Frequency (Clock Input must be 
8x the Data Bit Frequency) 


DC 


3.5 . 

M Bits/s 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the 0°C to +70'C temperature range and the 4.75V to 5.25 V power supply range. All typical 
val ues are for T A = 25°C and V cc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier Inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is used. 
Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: Zqut = 50Q and T, < 5ns, T f < 5ns. 

Note 8: T = 1/ (clock input frequency), units for "T" should be ns. 



Load Circuit 1 Load Circuit 2 

TUF5238-7 


FIGURE 6. Test Load Circuits 
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Timing Waveforms 


D02-DO11 
OUTPUTS 
(OUTPUT CONTROL = HI) 


DATA 

AVAILABLE 


DATA 

AVAILABLE 


r tpwl — *■ 

y 


FIGURE 7. Data Sequence Timing 


-TpwZ ► — Th- 


FIGURE 8. Error Sequence Timing 


0 MCV MCV 


Utdio*| 


DATA 

AVAILABLE 


FIGURE 9. Message Timing 
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DP8341 


Timing Waveforms (Continued) 


4T ± (T - 25 ns) 




1.3V MAX. 
40 mV MIN. 


FIGURE 10. Data Waveform Constraints: Amplifier Inputs 


- 8T ± (T — 25 ns)- 


CLOCK INPUT FREQUENCY 


Note: |T r -T(| « 10 ns 


FIGURE 11. Data Waveform Constraints: Data Input (TTL) 
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SYSTEM INTERFACE (3274, 3276, 3278) 


Typical Applications 


18.867 MHz (NOTE 1) 


Wh 


I REG LOAD 


DATA 

DP8340 ► 

TRANSMITTER/ 0ATA TRANSLATION 

ENCODER DEL A Y L0GIC 

► FIG. 14 


TRANSMITTER 

ACTIVE 


DATA 

AVAILABLE 


OUTPUT CONTROL 


0P8341 

RECEIVER/ 

DECODER 


I RECEIVER ACTIVE 


Note 1: Crystal manufacturer Midland Ross Corp. 
NEL Unit Part No. NE18A @ 18.867MHz 


FIGURE 12. Typical Application for IBM 3270 Interface 



FIGURE 13. Equivalent Circuit for DP8341 Input Amplifier 
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Typical Applications (Continued) 


+ 5V 



GND TL/F5238-1S 


Notes: 1) Resistance values are in ohms, ±5%, WW 

2) T1 is a 1:1:1 pulse transformer, L M | N = 500 >jH for 18MHz system clock 
Pulse Engineering Part No. 5762 
Technitrol Part No. 11LHA or equivalent transformers 

FIGURE 14. Translation Logic 


IDEAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 



ACTUAL 
WAVEFORM 
AT TRANSMITTER 
END OF CABLE 



r TO MAINTAIN LOSS AT 95% OF IDEAL SIGNAL, 
SELECT TRANSFORMER INDUCTANCE SUCH THAT: 


L(MIN) = 


10,000 

18 87 x 106 


tCLK= SYSTEM CLOCK 
FREQUENCY 
(e.g ., 18.87MHz) 


Notes: 1) Less inductance will cause greater amplitude 
attenuation 

2) Greater inductance may decrease signal rise 
time slightly and increase ringing, but these 
effects are generally negligible. 


-L(MIN) = 530 m H 


FIGURE 15. Transformer Selection 
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Data Communications Support 


DP8342 High-Speed Serial Transmitter/Encoder 


General Description 


The DP8342 generates a complete encoding of parallel 
data for high speed serial transmission. It generates a 
five bit starting sequence, three bit code violation, fol- 
lowed by a syn bit and eight bit per byte of data plus a 
parity bit. A three-bit ending code signals the termination 
of the transmission. The DP8342 adapts to generalized 
high speed serial data transmission as well as the coax 
lines at a maximum data rate of 3.5 MHz. 

The DP8342 and its complementary chip, the DP8343 
(receiver/decoder) have been designed to provide maxi- 
mum flexibility in system designs. The separation of the 
transmitter/receiver functions provides convenient addi- 
tion of more receivers at one end of a bi-phase line with- 
out the need of unused transmitters. This is specifically 
advantageous in control units where typical bi-phase 
data is multiplexed over many bi-phase lines and the 
number of receivers generally exceeds the number of 
transmitters. 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Features 

■ Eight bits per data byte transmission 

■ Single-byte or multi-byte transmission 

■ Internal parity generation (even or odd) 

■ Internal crystal controlled oscillator used for the 
generation of all required chip timing frequencies 

■ Clock output directly drives receiver (DP8343) clock 
Input 

■ Input data holding register 

■ Automatic clear status response feature 

■ Line drivers at data outputs provide easy interface to 
bi-phase coax line or general transmission media 

■ <2ns driver output skew 

■ Bipolar technology provides TTL input/output com- 
patibility 

■ Data outputs power up/down glitch free 

■ Internal power up clear and reset 

■ Single +5V power supply 


Connection Diagram 


OUTPUT ENABLE 



AUTO RESPONSE 
TRANSMITTER ACTIVE 


Order Number DP8342J or DP8342N 
See NS Package J24A or N24A 
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DP8342 


Block Diagram 


Vcc 


CLOCK 

OUTPUT 


TRANSMITTER 

ACTIVE 


EVEN/ODD 

PARITY 


REGISTER 

LOAD 


AUTO 

RESPONSE 



REGISTERS 

FULL 


BIT 1 TO BIT 8 
DATA INPUTS 


FIGURE 2. 


Functional Description 

Figure 2 is a block diagram of the DP8342 Bi-Phase Trans- 
mitter/Encoder. The transmitter/encoder contains a 
crystal oscillator whose input is a crystal with a fre- 
quency eight (8) times the data rate. A Clock Output is 
provided to drive the DP8342 receiver/decoder Clock 
Input and other system components at the oscillator 
frequency. Additionally, the oscillator drives the control 
logic and output shift register/format logic blocks. 

Data is parallel loaded from the system data bus to the 
transmitter/encoder’s input holding register. This data is 
in turn loaded by the transmitter/encoder to its output 
shift register if this register was empty at the time of the 
load. During this load, message formatting and parity are 
generated. The formatted message is then shifted out at 
the bit rate frequency to the TTL to Bi-Phase block which 
generates the pr oper data bit formatting. The 
data outputs, DATA, DATA, and DATA DELAY provide for 
flexible interface to the transmission medium with little 
or no external components. 

The control Logic block interfaces to all blocks to insure 
proper chip operation and sequencing. It c ontro ls the 
type of parity generation through the Even/Odd Parity 
input. An additional feature provided by the transmitter/ 


encoder is the Reset and Output-TRI-STATE® capability. 
Another feature of the DP8342 is the Byte Clock output 
which keeps track of the number of bytes transferred. 

The transmitter/encoder is also capable of internal TT/AR 
(Transmission Turn around/Auto Response). When the 
Auto-Response (AR) input is forced to the logic “0” state, 
the transmitter/encoder responds with clean status (all 
zeros on data bits). 

Operation of the transmitter/encoder is automatic. After 
the first data byte is loaded, the Transmitter Active output 
is set and the transmitter/encoder immediately formats 
the input data and serially shifts it out its data outputs. 
If the message is a multi-byte message, the internal format 
logic will modify the message data format for multibyte 
as long as the next byte is loaded to the input holding 
format logic will modify the message data format for 
multibyte as long as the next byte is loaded to the input 
hiding register before the last data bit of the previous 
data byte is transferred out of the internal output shift 
register. After all data is shifted out of the transmitter/ 
encoder the Transmitter Active output will return to the 
inactive state. 
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Detailed Pin/ Functional Description 

Crystal Inputs XI and X2 

The oscillator is controlled by an external, parallel reso- 
nant crystal connected between the XI and X2 pins. Nor- 
mally, a fundamental mode crystal is used to determine 
the operating frequency of the oscillator; however, over- 
tone mode crystals may be used. 

Crystal Specifications (Parallel Resonant) 

Type <20MHzAT-cutor>20MHz BT-cut 

Tolerance 0.005% at 25°C 

Stability 0.01 % from 0°C to +70°C 

Resonance Fundamental (Parallel) 

Maximum Series Resistance Dependent on Frequency 

(For 20MHz, 50Q) 

Load Capacitance 15pF 


Connection Diagram 


n i 

— VvV - | | 


vcc 


FREQ 

R 

C 

<20MHz 

500 Q 

30 pF 

>20MHz 

120Q 

15 pF 


TO PIN XI 
PIN (13) 


If the DP8342 transmitter is clocked by a system clock 
(crystal oscillator not used), pin 13 (XI input) should be 
clocked directly using a Schottky series (74S) circuit. 
Pin 14 (X2 input) may be left open. The clocking frequency 
must be set at eight times the data bit rate. Maximum 
input frequency is 28 MHz. 

Clock Output 

The Clock Output is a buffered output derived directly 
from the crystal oscillator block and clocks at the oscilla- 
tor frequency. It is designed to directly drive the DP8343 
receiver/decoder Clock Input as well as other system 
components. 

Registers Full 

This output is used as a f Ijag by the external operating 
system. A logic “1” (active state) on this output indicates 
that both the internal output shift register and the input 
holding register contain active data. No additional data 
should be loaded until this output returns to the logic "0” 
state (inactive state). 

Transmitter Active 

This output will be in the logic “1” state while the trans- . 
mitter/encoder is about to transmit or in the process of 
transmitting data. Otherwise, it will assume the logic “0” 
state indicating no data presently in either the input 
holding or output shift registers. 


Register Load 

The Register Load input is used to load data from the 
Data Inputs to the input holding register. The loading 
function is level sensitive, the data present during the 
logic “0” state of this input is loaded, and the input data 
must be valid before the logic “0” to logic “1” transition, 
it is after this transition that the transmitter/encoder 
begins formatting of data for serial transmission. 

Auto Response (TT/AR) 

This input provides for automatic clear data transmis- 
sion (all bits in logic “0”) without the need of loading all 
zero’s. When a logic “0” is forced on this input the trans- 
mitter/encoder immediately responds with transmission 
of “clean status”. When this input is in the logic “1” 
state the transmitter/encoder transmits data entered on 
the Data Inputs. 

Even/Odd Parity 

This input sets the internal logic of the DP8342 trans- 
mitter/encoder to generate either even or odd parity for 
the data byte in the bit 10 position. When this pin is in 
the logic “0” state odd parity is generated. In the logic 
“1” state even parity is generated. This feature is useful 
when the control unit is performing a loop back check 
and at the same time the controller wishes to verify 
proper data transmission with its receiver/decoder. 

Serial Outputs — DATA, DATA, and DATA DELAY 

These three output pins provide for convenient applica- 
tion of data to the Bi-Phase transmission line. The Data 
outputs are a direct bit representation of the Bi-Phase 
data while the Data Delay output provides the neces- 
sary increment to clearly defi ne the four (4) DC levels 
of the pulse. The DATA and DATA outputs add flexi- 
bility to the DP8342 transmitter/encoder for use in high 
speed di fferen tial line driving applications. The typical 
DATA to DATA skew is 2ns. 


When a logic “0” is forced on this input, all outputs 
except Clock Output are latched low. 

Output Enable 

When a logic "0” is forced on this input the three serial 
data outputs are in the high impedance state. 

Byte Clock 

This pin registers a pulse at the end of each byte trans- 
mission. The number of pulses registered corresponds 
to the number of bytes transmitted. 
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TRANSMISSION 

START 


Multi-Byte Transmission 


l0LE I niiiccre CODE SYNC 

PATTERN LOCATION BIT 


TRANSMISSION 

TERMINATION 


PARITY , , SYNC BIT PARITY 

BYTE 1 ] { BYTE 2 BYTE X~ 


ENDING 

IDLE 

SEQUENCE 



Functional Timing Waveforms 

REG LOAD II 


FIGURE 3. 


11111 CODE VIOLATION SYNC 0 


- STARTING SEQUENCE - 


BIT BIT 
7 8 PARITY 


\ 8 BIT + PARITY 

FIGURE 4. Overall Timing Waveforms for Single Byte 


. ENDING _J 
SEQUENCE 1 


11111 CODE VIOLATION SYNC 0 
BIT , 


10 10 


-STARTING SEQUENCE - 


\V/ l\ 

BIT ??PARITY BIT ^PARITY 
1 1 


ENDING J 
SEQUENCE 1 


8 BIT + PARITY 8 BIT + PARITY 

FIGURE 5. Overall Timing Waveforms for Multi-Byte 
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Absolute Maximum Ratings (Note d Operating Conditions 

Supply Voltage, V cc 7V Min. Max. Units 

Input Voltage 5.5V Supply Voltage, (V cc ) 4.75 5.25 V 

Output Voltage 5.25V Ambient Temperature, Ta 0 +70 °C 

Storage Temperature Range -65°Cto+150°C 

Lead Temperature (soldering, 10 seconds) 300°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 2237 mW 

Molded Package 2500 mW 

* Derate cavity package 14.9 mW/*C above 25*C; derate molded package 
20 mW/'C above 25°C. 

Electrical Characteristics (Notes 2 and 3 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V,H 

Logic “1” Input Voltage (All Inputs 
Except XI and X2) 

V cc = 5V 

2.0 



V 

V|L 

Logic “0” Input Voltage (All Inputs 
Except XI and X2) 

V cc = 5V 



0.8 

V 

VcLAMP 

Input Clamp Voltage (All Inputs Except 
XI and X2) 

Iin = -12mA 


-0.8 

-1.2 

V 

l|H 

Logic “1” Input Current 
Register Load Input 

Vcc = 5.25V 
V| N = 5.25V 


0.3 

120 

pA 

All Others Except XI and X2 


0.1 

40 

P A 

1 IL 

Logic “0” Input Current 
Register Load Input 

V CC = 5.25V 
V| N = 0.5 V 


-15 

-300 

pA 

All Inputs Except XI and X2 


-5 

-100 

pA 

■ X 
£ 

Logic “1” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 

Ioh = - 100^A 
Vcc = 4.75V 

3.2 

3.9 


V 

l 0H = -1 mA 

2.5 

3.4 


V 

V OH2 

Logic “1” for CKL OUT, DATA, 
DATA and DATA DELAY Outputs 

V cc = 4.75V, 
| 0 h = -10 mA 

2.6 

3.0 


V 

V OL1 

Logic “0” All Outputs Except CLK OUT, 
DATA, DATA, and DATA DELAY 

V CC = 4.75V 

loL = 5mA 


0.35 

0.5 

V 

V 0 L2 

Logic “0” for CLK OUT, DATA, 
DATA and DATA DELAY Outputs 

V cc = 4.75V 
loL = 20mA 


0.4 

0.6 

V 

■osi 

Output Short Circuit Current for All Except 
CLK OUT, DATA, DATA, and DATA 
DELAY Outputs 

Note 5 
Vout = 0V 

-10 

-30 

-100 

mA 

IOS2 

Output Short Circuit Current DATA, 
DATA, and DATA DELAY Outputs 

Note 5 
Vout = 0V 

-50 

-140 

-250 

mA 

>OS3 

Output Short Circuit Current for CLK OUT 

Note 5 
Vout = 0V 

-30 

-90 

-200 

mA 

Ice 

Power Supply Current 

V cc = 5.25V 


170 

250 

mA 

Timing Characteristics V C c = 5V±5%, T a = 0°C to 70°C, Oscillator Frequency = 28 MHz (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdl 

REG LOAD to Transmitter Active (T A ) 
Positive Edge 



60 

90 

ns 

*pd2 

REG LOAD to Register Full; 
Positive Edge 

HlftlTflalNMi 


45 

75 

ns 

KiS 

T a to Register Full; 
Negative Edge 

an— vtti fctnani HIM 


40 

70 

ns 

tpd4 

Positive Edge of REG LOAD to 
Positive Edge of DATA 



50 

80 

ns 

tpd5 

REG LOAD to DATA; 
Positive Edge 



280 

380 

ns 

tpd6 

REG LOAD to DATA DELAY; 
Positive Edge 

ISiiPiiSIS 


150 

240 

ns 

tpd7 

Positive Edge of DATA to Negative Edge 
of DATA DELAY 

Load Circuit 2 
Figure 9 


70 

85 

ns 
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DP8342 


Timing Characteristics (Continued) Oscillator Frequency = 28MHz (Notes 2 and 3) 


Symbol 

Parameter 

tpd8 

Positive Edge of DATA DELAY to Negative 
Edge of DATA 

tpd9> 

tpdio) 

Skew between DATA and DATA 

tpdll 

Negative Edge of Auto Response (AR) 
to Positive Edge of TA 

tpd12 

Maximum Time Delay to Load Second Byte 
After Positive Edge of REG FULL 

tpd13 

XI to CLK OUT; Positive Edge 

tpd14 

XI to CLK OUT; Negative Edge 

tpd15 

Negative Edge of AR to Positive Edge of 
REG FULL 

tpd16 

Skew between TA and REG FULL during 


Auto Response 

tpd17 

REG LOAD to REG FULL; Positive Edge 
for Second Byte 

tpd18 

REG FULL to BYTE CLK; Negative Edge 

tpd19 

REG FULL to BYTE CLK; Positive Edge 

tzH 

Output Enable to DATA, DATA, or DATA 
Delay outputs: HiZ to High 

t ZL 

Output Enable to DATA, DATA, OR DATA 
Delay Outputs; HiZ to High 

*HZ 

Output Enable to DATA, DATA, or DATA 
Delay Outputs; High to HiZ 

tLZ 

Output Enable to DATA, DATA, or DATA 
Delay Outputs; Low to HiZ 

tpwl 

REG LOAD Pulse Width 

tpw2 

First REG FULL Pulse Width (Note 6) 

tpw3 

REG FULL Pulse Width Prior to Ending 
Sequence (Note 6) 


Pulse Width for Auto Response 

tpw5 

Pulse Width for BYTE CLK 

ts 

Data Setup Time prior to REG LOAD 
Positive Edge. Hold Time = 0ns 

trl 

Rise Time for DATA, DATA, and DATA 
DELAY Output Waveform 

tfl 

Fall Time for DATA, DATA, and DATA 
DELAY Output Waveform 

l r2 

Rise Time for TA and REG FULL 

tf2 

Fall Time for TA and REG FULL 

Wx 

Data Rate Frequency 
(Clock Input must be 8X this Frequency) 


Input Capacitance — Any Input 


Conditions 


Max Units 



CL = 15pF 
Figures 16, 17 


CL= 15pF 
Figures 16, 17 


Figure-12 


33 


75 


80 


75 


90 


180 


25 45 ns 


15 30 ns 


65 100 ns 


45 70 ns 


ns 


8xT + 60 8xT + 100 ns 



Mbits/s 


PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min. /max. limits apply across the CTC to +70°C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for T A = 25°C and V c c = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute basis. 

Note 4: Input capacitance is guaranteed by periodic testing. f TES T = 10 KHz at 300mV, Ta = 25°C. 

Note 5: Only one output should be shorted at a time. 

Note 6: T = 1/(Oscillator Frequency). Unit for T should be in ns. B = 8T. 

Note 7; Oscillator Frequency Dependent. 
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Timing Waveforms (Continued) 





TUF5236-13 


FIGURE 12. REG LOAD 



TUF5236-15 


FIGURE 14. Rise and Fall Time Measurement 
for TA and REG FULL 


Vcc 



FIGURE 16. Load Circuit for Output TRI-STATE Test 



TUF5236-14 


FIGURE 13. Output Waveform for DATA, DATA, 
DATA DELAY (Load Circuit 2) 


Vcc Vcc 



TUF5236-16 


Load Circuit 1 Load Circuit 2 
FIGURE 15. Test Load Circuits 



FIGURE 17. TRI-STATE Test 




FROM DP8342 



TRANSMITTER 

ACTIVE 



SOS COAX 
(RG62A/U) 


"ir- J 


CONNECT TO 

0P8343 

RECEIVER 




(NOTE) 

DATA 

1 • 

DP8342 

TRANSMITTER/ 

ENCODER 

DATA \ 


TA 

2 


~°t\ 

5 • 

+ IN-*— i 


CONNECT TO 

DP8343 

RECEIVER 


Notes: 1) Resistance values are in ohms, ±5%, 'A W 

2) T1 is a 1:1:1 pulse transformer, L = 500|iH for 18 to 28MHz system clock. 

Pulse Engineering Part No. 5762 

Technitrol Part No. 11LHA or equivalent transformer 

3) Crystal manufacturer Midland Ross Corp. NEL Unit Part No. NE-18A @ 28MHz. 


Note: Data rates up to 3.5Mbits/s at 5000ft still apply. 


FIGURE 19. Interface Logic for a Coax Transmission Line 


FIGURE 20. Direct Interface for a 

Coax Transmission Line 
(Non-IBM Voltage Levels) 
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Data Communications Support 


DP8343 High-Speed Serial Receiver/ Decoder 


General Description 


The DP8343 provides complete decoding of data for 
high speed serial data communications. In specific, the 
DP8343 receiver recognizes Bi-Phase serial data sent 
from its complementary chip, the DP8342 transmitter, 
and converts it into eight (8) bits of parallel data. These 
devices are easily adapted to generalized high speed 
serial data transmission systems that operate at bit 
rates up to 3.5 MHz. 

The DP8343 receiver and the DP8342 transmitter are 
designed to provide maximum flexibility in system 
designs. The separation of transmitter and receiver 
functions allows addition of more receivers at one end 
of the Bi-Phase line without the necessity of adding 
unused transmitters. This is advantageous in control 
units where the data is typically multiplexed over many 
lines and the number of receivers generally exceeds the 
number of transmitters. The separation of transmitter 
and receiver function provides an additional advantage 
in flexibility of data bus organization. The data bus 
outputs of the receiver are TRI-STATE®, thus enabling 
the bus configuration to be organized as either a 
common transmit/receive (bi-directional) bus or as 
separate transmit and receive busses for higher speed. 


Features 

■ DP8343 receives eight (8) bit data bytes 

■ Separate receiver and transmitter provide maximum 
system design flexibility 

■ Even parity detection 

■ High sensitivity input on receiver easily interfaces to 


■ Standard TTL data input on receiver provides gener- 
alized transmission line interface and also provides 
hysteresis 

■ Data holding register 

■ Multi-byte or single byte transfers 

■ TRI-STATE receiver date outputs provide flexibility 
for common or separated transmit/receive data bus 
operation 

■ Data transmission error detection on receiver provides 
for both error detection and error type definition 

■ Bipolar technology provides TTL input/output com- 
patibility with excellent drive characteristics 

■ Single +5V power supply operation 


TRI-STATE® Is a registered trademark of National Semiconductor Corp. 


Connection Diagram 


RECEIVER DISABLE 
+AMPLIFIER INPUT 


-AMPLIFIER INPUT 


RECEIVER ACTIVE 


OUTPUT CONTROL 



FIGURE 1. 

Order Number DP8343J or DP8343N 
See NS Package J24A or N24A 
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Block Diagram 


AMPLIFIER ' 
INPUT 


STARTING/ENDING 

SEQUENCE 

DETECTOR 


MUX 


AND 

DEMOO. 

CONTROL 

LOGIC 

♦ 


SHIFT REGISTER 


SERIAL DATA CLOCK 


ERROR DETECTION 
AND IDENTIFICATION 
LOGIC 


HOLDING REGISTER 
AND 

LOADING LOGIC 


DATA 

AVAILABLE 


TRI-STATE® 
OUTPUT BUFFERS 


PARALLEL OUTPUT DATA 


FIGURE 2. DP8343 Bi-Phase Receiver 


Block Diagram Functional Description 

Figure 2 is a block diagram of the DP8343 receiver. This 
chip is essentially a serial in/parallel out shift register. 
However, the serial input data must conform to a very 
specific format (see Figures 3-6). The message will not 
be recognized unless the format of the starting 
sequence is correct. Deviations from the format in the 
data, sync bit, parity or ending sequence will cause an 
error to be detected, terminating the message. 

Data enters the receiver through the differential input am- 
plifier or the TTL Data input. The differential amplifier is a 
high sensitivity input which may be used by connecting it 
directly to a transformer coupled coax line, or other trans- 
mission medium. The TTL Data input provides 400 mV of 
hysteresis and recognizes TTL logic levels. The data then 
enters the demodulation block. 

The data demodulation block samples the data at eight 
(8) times the data rate and provides signals for detecting 
the starting sequence, ending sequence, and errors. 
Detection of the starting sequence sets the Receiver 
Active output high and enables the input shift register. 

As the eight bits of data are shifted into the shift register, 
the receiver will verify that even parity is maintained on 
the data bits and the sync bit. Serial Data and Serial 
Data Clock, the inputs to the shift register, are provided 
for use with external error detecting schemes. After one 
complete data byte is received, the contents of the input 
shift register is parallel loaded to the holding register, 
assuming the holding register is empty, and the Data 
Available output is set. If the holding register is full, this 
load will be delayed until that register has been read or 


the start of another data byte is received, in which case a 
Data Overflow Error will be detected, terminating the 
message. Data is read from the holding register through 
the TRI-STATE Output Buffers. The Output Enable input 
is the TRI-STATE control for these outputs and the 
Register Read input signals the receiver that the read 
has been completed. 

When the receiver detects an ending sequence the Re- 
ceiver Active output will be reset to a logic “0” indicating 
the message has been terminated. A message will also 
terminate when an error is detected. The Receiver Active 
output used in conjunction with the Error output allows 
quick response to the transmitting unit when an error 
free message has been received. 

The Error Detection and Identification block insures that 
valid data reaches the outputs of the receiver. Detection 
of an error sets the Error output to a logic "1” and resets 
the Receiver Active output to a logic “0” terminating the 
message. The error type may be read from the data bus 
outputs by setting the Output Control input to logic “0” 
and enabling the TRI-STATE outputs. The data bit out- 
puts have assigned error definitions (see error code 
definition table). The Error output will return to a logic 
“0” when the next starting sequence is received, or 
when the error is read (Output Control to logic “0” and a 
Register Read performed). 

The Receiver Disable input is used to disable both the 
amplifier and TTL Data receiver inputs. It will typically 
be connected directly to the Transmitter Active output 
of the DP8342 transmitter circuit. 
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Detailed Functional Pin Description 


Receiver Disable 

This input is used to disable the receiver’s data inputs. 
The Receiver Disable input will typically be connected to 
the Transmitter Active output of the DP8342. However, at 
the system controller it may be necessary for both the 
transmitter and receiver to be active at the same time. 
This variation can be accomplished with the addition of 
minimal external logic. 


Truth Table 


Receiver Disable 

Data Inputs 

Logic “0” 

Active 

Logic “1” 

Disabled 


Amplifier Inputs 

The receiver has a differential input amplifier which 
may be directly connected to the transformer coupled 
coax line. The amplifier may also be connected to a dif- 
ferential type TTL line. The amplifier has 20 mV of 
hysteresis. 

Data Input 

This input can be used either as an alternate data input 
or as a power-up check input. If the system designer 
prefers to use his own amplifier, instead of the one pro- 
vided on the receiver, then this TTL input may be used. 
Using this pin as an alternate data input allows self-test 
of the peripheral system without disturbing the trans- 
mission line. 

Data Control 

This input is the control pin that selects which of the 
inputs are used for data entry to the receiver. 


Truth Table 


Data Control 

Data Input To 

Logic “0” 

Data Input 

Logic “1” 

Amplifier Inputs 


Note: This input is also used tor testing. When the input voltage is 
raised to 7.5V the chip resets. 


Clock Input 

This input is the internal clock of the receiver. It must be 
set at eight (8) times the line data bit rate. The crystal- 
controlled oscillator provided in the DP8342 transmitter 
also operates at this frequency. The Clock Output of the 
transmitter is designed to directly drive the receiver’s 
Clock Input. In addition, the receiver is designed to 
operate correctly to a data bit rate of 3.5 MHz. 

Receiver Active 

The purpose of this output is to inform the external sys- 
tem when the DP8343 is in the process of receiving a 
message. This output will transition to a logic “1” state 
after a receipt of a valid starting sequence and transition 
to logic “0” when a valid ending sequence is received or 
an error is detected. This output combined with the Error 
output will inform the operating system of the end of an 
error free data transmission. 


Error 

The Error output transitions to a logic “1” when an error 
is detected. Detection of an error causes the Receiver 
Active and the Data Available outputs to transition to a 
logic “0”. The Error output returns to a logic “0” after 
the error register has been read or when the next starting 
sequence is detected. 

Register Read 

The Register Read input when driven to the logic “0” 
state signals the receiver that data in the holding regis- 
ter is being read by the external operating system. The 
data present in the holding register will continue to re- 
main valid until the Register Read input returns to the 
logic “1” condition. At this time, if an additional byte is 
present in the input shift register it will be transferred to 
the holding register, otherwise the data will remain valid 
in the holding register. The Data Available output will be 
in the logic “0” state for a short interval while a new 
byte is transferred to the holding register after a regis- 
ter read. 

Data Available 

This output indicates the existence of a data byte within 
the output holding register. It may also indicate the 
presence of a data byte in both the holding register and 
the input shift register. This output will transition to the 
logic “1” state as soon as data is available and return to 
the logic “0” state after each data byte has been read. 
However, even after the last data byte has been read and 
the Data Available output has assumed the logic “0” 
state, the last data byte read from the holding register 
will remain until new data has been received. 

Output Control 

The Output Control input determines the type of infor- 
mation appearing at the data outputs. In the logic “1” 
state data will appear, in the logic "0” state error codes 
are present. 

Truth Table 


Output Control 

Data Outputs 

Logic “0” 

Error Codes 

Logic “1” 

Data 


Output Enable 

The Output Enable input controls the state of the TRI- 
STATE Data outputs. 


Truth Table 


Output Enable 

TRI-STATE 
Data Outputs 

Logic "0” 

Disabled 

Logic “1” 

Active 


Data Outputs 

The DP8343 has an eight (8) bit TRI-STATE data bus. 
Seven bits are multiplexed with error bits. The error bits 
are defined in the table below. The Output Control input 
is the multiplexer control for the Data/Error bits. 
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Message Format 


Single Byte Transmission 


TRANSMISSION 


TRANSMISSION 

TERMINATION 


, ^ 



1 

SEQUENCE 

IDLE 

LINE 

QUIESCE 

PATTERN 

CODE 

SYNC 

8-BIT DATA BYTE 


ENDING 

IDLE 

) 

VIOLATION 

BIT 


SEQUENCE 



TRANSMISSION 

START 


TRANSMISSION 

TERMINATION 


Multi-Byte Transmission 


PARITY 
BYTE 1 ' 


SYNC BIT 
"BYTE 2 


IDLE 

LINE 

QUIESCE 

PATTERN 

CODE 

SYNC 

1st 8-BIT 

- 



_ 2nd 8-BIT 


BYTE 


ENDING 

IDLE 

) 

VIOLATION 

BIT 

BYTE 



BYTE 

X " 


SEQUENCE 

’( 


FIGURE 3. 


DATA 


jmjmru^nn_n_rmruir 


LINE QUIESCE 


CODE 

VIOLATION 


BITBIT BIT BIT BITBIT BIT BIT 
1 2 3 4 5 6 7 8 


DATA 


ENDING 

SEQUENCE 


SYNC 


PARITY 


RECEIVER 

ACTIVE 


DATA 

AVAILABLE 


REGISTER 

READ 


u 


TL/F5237-4 



FIGURE 4A. Single Byte (8-Bit) Message 


-» JinnniLjnnn^njTjnjir^ 


LINE QUIESCE 


CODE 

VIOLATION 


-2nd BYTE- 


RECEIVER 

ACTIVE 


jituiwu 


LAST BYTE 


ENDING 

SEQUENCE 


DATA 

AVAILABLE 


n r 


LI L 


REGISTER 

READ 


U 


\r 


TUF5237-5 


FIGURE 4B. Multi-Byte Message 
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Error Code Definition 

Data Bit 

DP8343 Error Type 

Bit 1 Data Overflow (Byte not removed from holding register when it and the input shift register are both full 
and new data is received) 

Bit 2 Parity Error (Odd parity detected) 

Bit 3 Transmit Check conditions (existence of errors on any or all of the following data bits: Bit 2, Bit 4, and Bit 
5) 

Bit 4 An invalid ending sequence 

Bit 5 Loss of mid-bit transition detected at other than normal ending sequence time 

Bit 6 New starting sequence detected before data byte in holding register has been read ( 

Bit 7 Receiver disabled during receiver active mode 

Serial Data Data Clock 

The Serial Data output is the serial data coming into the The Data Clock output is the clock to the input shift • - 

input shift register. register. 

Message Format (Continued) 






TUF5237-7 

FIGURE 6. Data Clock and Serial Data 
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Absolute Maximum Ratings (Note i) 

Operating Conditions 



Supply Voltage, Vcc 7.0V 


Min 

Max 

Units 

Input Voltage 5.5V Supply Voltage, (Vcc) 

4.75 

5.25 

V 

Output Voltage 5.25V Ambient Temperature, T A 

0 

+70 

°C 

Storage Temperature Range -65°Cto 150° 

c 





Lead Temperature (soldering, 10 seconds) 300°C 





Maximum Power Dissipation* at 25°C 






Cavity Package 2040 mW 





Molded Package 2237 mW 





* Derate cavity package 13.6 mW/°C above 25°C; derate molded package 





17.9 mWrC above 25"C. 






Electrical Characteristics (Notes 2 , 3 , and 5 ) 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Level 


2.0 



V 

V,l 

Input Low Level 




0.8 

V 

mSSM 

Data Input Hysteresis (TTL, Pin 4) 


0.2 

0.4 


V 

VCLAMP 

Input Clamp Voltage 

Iin = -12mA 


-0.8 

-1.2 

V 

1 IH 

Logic “1” Input Current 

V CC = 5.25V, V| N = 5.25V 


2 

40 

fa 

IlL 

Logic “0” Input Current 

V C c = 5.25V, Vin = 0.5V 


-20 

-250 

fA 

Voh 

Logic “1” Output Voltage 

Ioh = - 100^A 

3.2 

3.9 


V 



| 0H =-1mA 

2.5 

3.2 


V 

VoL 

Logic “0” Output Voltage 

loL = 5mA 


0.35 

0.5 

V 

•os 

Output Short Circuit Current 

V CC = 5V, V O ut = 0V 

-10 

-20 

-100 

mA 



(See Note 4) 





•oz 

TRI-STATE* Output Current 

V CC = 5.25V, Vo = 2.5V 

-40 

1 

+40 

fa 



V cc = 5.25V, V 0 = 0.5V 

-40 

-5 

+40 

fA 

A H ys 

Amplifier Input Hysteresis 


5 . 

20 

30 

mV 

•cc 

Power Supply Current 

V CC = 5.25V 


160 

250 

mA 

Timing Characteristics (Notes 2 , 6, 7 , and 8) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tdi 

Output Data to Data Available Positive 



■ 




Edge 


5 

20 

40 

ns 

T D2 

Register Read Positive Edge to Data 







Available Negative Edge 


1 10 

25 

45 

ns 

TD3 

Error Positive Edge to Data Available 







Negative Edge 


10 

30 

50 

ns 

Td4 

Error Positive Edge to Receiver Active 







Negative Edge 


5 

20 

40 

ns 

Td5 

Register Read Positive Edge to Error 







Negative Edge 


20 

45 

75 

ns 

Td6 

Delay from Output Control to Error Bits 







from Data Bits 


5 

20 

50 

ns 

T D7 

Delay from Output Control to Data Bits 







from Error Bits 


5 

20 

50 

ns 

Td8 

First Sync Bit Positive Edge to Receiver 



3.5*T 




Active Positive Edge 



+70 



Td9 

Receiver Active Positive Edge to First Data 







Available Positive Edge 



76*T 


ns 

Tdio 

Negative Edge of Ending Sequence to 



11.5*T 




Receiver Active Negative Edge 



+50 


ns 

Tdii 

Data Control Set-up Multiplexer Time Prior 







to Receiving Data through Selected Input 


40 

30 


ns 

Td12 

Serial Data Set-Up Prior to Data Clock 







Positive Edge 



ESI 


ns 


9-37 


DP8343 









































































































































DP8343 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Tpwi 

Register Read (Data) Pulse Width 


40 

30 


ns 

T PW2 

Register Read (Error) Pulse Width 


40 

30 


ns 

TpW3 

Data Available Logic “0” State between 
Data Bytes 


25 

45 


ns 

m 

Output Control Set-up Time Prior to 
Register Read Negative Edge 


0 

-5 

v ; ' 

ns 

D 

Output Control Hold Time After the 
Register Read Positive Edge 


0 

-5 


ns 

Tze 

Delay from Output Enable to Logic “1” or 
Logic “0” from High Impedance State 

Load Circuit 2 


25 

35 

ns 

Tez 

Delay from Output Enable to High Imped- 
ance State from Logic “1” or Logic “0” 

Load Circuit 2 

■ 

25 

35 ' 

ns 


Data Bit Frequency (Clock Input must be 
8x the Data Bit Frequency) 


DC 


3.5 

M Bits/s 


Timing Characteristics (Continued) (Notes 2, 6, 7, and 8) 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the 
device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, mln./max. limits apply across the 0°C to +70°C temperature range and the 4.75V to 5.25V power supply range. All 
typical values are for Ta = 25°C and Vqc = 5 -0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, 
unless otherwise specified. All values shown as max. or min. are so classified on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Input characteristics do not apply to amplifier Inputs (pins 2 & 3). 

Note 6: Unless otherwise specified, all AC measurements are referenced to the 1.5V level of the input to the 1.5V level of the output and load circuit 1 is 
used. 

Note 7: AC tests are done with input pulses supplied by generators having the following characteristics: Zou T = 50Q, T r < 5ns, and T ( « 5ns. 

Note 8: T = 1/ (clock input frequency), units for “T” should be ns. 


Test Load Circuits 


Vcc 


Vcc 




Load Circuit 1 


Load Circuit 2 


FIGURE 7. 
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Timing Waveforms 


D02-D011 
OUTPUTS 
(OUTPUT CONTROL = HI) 


DATA 

AVAILABLE 


DATA 

AVAILABLE 


r tpwl — ► 

J 


FIGURE 8. Data Sequence Timing 


-Tpwz Th- 


FIGURE 9. Error Sequence Timing 


111 


CODE 

VIOLATION 


0 MCV MCV 


DATA 

AVAILABLE 


FIGURE 10. Message Timing 
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Typical Applications 


28 MHz MAX. (NOTE 1) 



Note 1: Crystal manufacturer Midland Ross Corp., NEL Unit Part No. NE-18A @ 28MHz 



FIGURE 15. 
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Typical Applications (Continued) 


+ 5V 



GND TI/F5237-17 


Notes: 1) Resistance values are In ohms, ±5%, ’/«W. 

2)T1 Is a 1:1:1 pulse transformer, Lmin = 500>iH for 18 MHz system clock. 
Pulse Engineering Part No. 5762 
Technltrol Part No. IILHAor equivalent transformers. 

FIGURE 16. Interface Logic for A Coax Transmission Line 




* TO MAINTAIN LOSS AT 95 K OF IDEAL SIGNAL, 
SELECT TRANSFORMER INDUCTANCE SUCH THAT: 


L(MIN) = 


10,000 

»CLK 


EXAMPLE: 



fCLK= SYSTEM CLOCK 
FREQUENCY 
(e.g., 18.87MHz) 


►L(MIN) = 530fiH 


TL/F5237-18 

Notes: 1) Less Inductance will cause greater amplitude 
attenuation. 

2) Greater Inductance may decrease signal rise time 
slightly and Increase ringing, but these effects are 
generally negligible. 


FIGURE 17. Transformer Selection 
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INTRODUCTION 

Designing an LSI solution for disk system data path elec- 
tronics requires careful examination of the total disk 
market place. The objective is to have a high performance 
solution able to handle state-of-the-art, 14-inch drives 
while still being reasonably priced for the lower perform- 
ance, highly cost-sensitive 5 1/4-inch market. The OEM 
Winchester disk market consists of three main device 
types: 14-inch, 8-inch and 5 1/4-inch. OEM supplied 14-inch 
drives range from capacities of 40 megabytes upwards to 
1 gigabyte with data rates of 10-24 megabits/second and 
access times of 25 ms. The 8-inch Winchester drives 
evolved from scaling of the 14-inch drives and are suitable 
devices for minicomputer environments. Storage capaci- 
ties vary from 16 megabytes to 200 megabytes with typical 
data rates of 7-9 megabits/second and typical access 
times of 30 ms. The 5 1/4-inch Winchester drive offers a 
high performance, high capacity version of the estab- 
lished 5 1/4-inch floppy disk. It is thus ideally suited to 
packaging in microcomputer-based systems. Initially, 
5 1/4-inch drives offered 6 megabytes of storage with typi- 
cal access times of 170 ms. Recently, devices have been 
announced with storage capacities of over 100 megabytes 
and access time of 30 ms. Data rates are typically 5 Mbits/ 
second, but will increase. 


PERFORMANCE/STANDARDS SET DESIGN AIMS 

The rapid evolution of Winchester drives has pushed 
storage capacities, data rates and access times to the 
limit. The DP8460 series hard disk chip set has been 
designed to handle data rates as high as 25 megabits/ 
second to interface with the fastest drives now available. 
The chip set uses the latest bipolar and CMOS processing 
techniques as shown in Figure 1. 


The use of high density run-length-limited codes is well 
established in the 14-inch market and will migrate to the 
8-inch and 5 1/4-inch drives. A further consideration of the 
design was the ability to work with such codes. Similarly, 
as storage densities increase, the necessity for ECC (error 
checking and correcting) electronics becomes apparent. 
Specific codes have yet to become standard since some in 
use today are considered inadequate for the future. The 
hard disk chip set design was required to anticipate such 
future developments. Furthermore, the design and func- 
tional partitioning had to take into account existing 
standards such as SMD and ANSI X3.101 and yet allow 
flexibility in areas where standards are still emerging. 
Finally, the introduction of removable media cartridges 
places increasing emphasis on programmable format. 



m 2 cmos™ 


24 MBITS/SEC 
DATA RATE 


FIGURE 1. Two New Processes Provide Fast Data Rate Capability 


M^CMOS M is a trademark of National Semiconductor Corp. 
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FUNCTIONS COMMON TO ALL DISK SYSTEMS 

There are certain functions which all disk systems typi- 
cally perform ( Figure 2). As one looks at the data path of a 
disk system during a read operation, following it from the 
recording head to the host, there emerge eight well de- 
fined functions that are common to all disk drives. 

These are: 

1. Select the desired head and preamplify the signal from 
it. 

2. Convert the data signal from an analog waveform into a 
sequence of digital pulses. 

3. Generate a clock and synchronized data from the dig- 
ital pulse train using phase-locked-loop techniques. 

4. Decode the synchronized data using the clock. 

5. Deserialize the data into byte-wide blocks and byte- 
align. 

6. Identify the desired sector and strip off synchroniza- 
tion information, addressing information, and error 
check information. 

7. Buffer the valid data from the desired sector. 

8. Transfer the data into the hosts’s main storage. . 

Six similar functions are required for writing the data: 

1. Transfer the data out of the host’s main storage. 

2. Buffer the data. 

3. Identify the desired sector, then append synchroniza- 
tion and error checking fields to the data field. 

4. Serialize the data. 

5. Encode the data. 

6. Select the correct recording head and drive it with the 
encoded data signal. 


A disk system is typically separated into two subsystems, 
the drive and the controller. However, there is no single 
definition as to which functions are performed in which 
place, the major disk-to-controller interfaces make the 
division in different places. 

In the floppy extension interface (ST506), the drive per- 
forms the functions related to head selection, driving, 
preamplification, and the analog-to-digital conversion. 
Everything else is done in the controller. For the SMD and 
ANSI X3.101 interfaces the drive also performs read clock 
generation, data decoding, and data encoding. Finally, 
with the intelligent disk interface, all of the functions are 
performed by the drive except DMA, which is done by the 
controller. 

The DP8460 series will work with all of the interfaces dis- 
cussed above. The chips implementing the various func- 
tions are placed in the drive or the controller depending 
upon the particular interface used. The first chips in the 
set, the pulse detector, data separator, and disk data con- 
troller perform all of the functions discussed above with 
the exception of head operations. 

The DP8464 pulse detector converts the analog signal 
from the head preamplifier into digital pulses. The DP8460 
data separator performs read clock generation utifizing 
an internal phase-locked-loop and data signal decoding. 
The DP8466 disk data controller performs the remaining 
functions. 



TL/F/ 5264-2 


FIGURE 2. Disk Data Path Functions 
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DP8464 PULSE DETECTOR 

The pulse detector receives the analog signal from the 
read/write head amplifier and converts the peaks to digital 
pulses. It is always situated in the disk drive. The primary 
purpose of the pulse detector is to convert the analog 
signal received from the recording head into a sequence of 
digital pulses that can be decoded by the data separator 
(Figure 3). Each flux reversal of the recording media 
represents a coded “1”; the absence of a reversal in a 
given window time represents a coded “0”. 

The pulse detector sees flux reversals as signal peaks 
from the recording head, and produces digital output 


pulses coinciding with the position of the incoming signal 
peaks. 

Figure 4a is a plot of relative pulse amplitude versus bits 
per inch (or recording density). As the recording density in- 
creases, bit interaction causes the signal amplitude to 
decrease. 

Pulse shapes as received by the pulse detector are shown 
in Figure 4b. Regions 1 and 2, the ones predominantly 
associated with disk drives, are characterized by the 
analog signal returning to the baseline between pulses. 


FUTURE DISK DRIVE ELECTRONICS . > 1 



I I 

I I 


Tl/F/5264-3 

FIGURE 3. Pulse Detector in a Disk System 



JUFl 5264-11 


FIGURE 4a. Pulse Amplitude vs Bit Density 



TL/F/5264-4 

FIGURE 4b. Typical Waveforms 
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DATA SEPARATOR 


Peak detection is complicated by the susceptibility of the 
circuitry to noise peaks during this period. The trickiest 
part of the pulse detector design is to distinguish between 
signal peaks and noise peaks. 

Region 1 is characterized by minimal amplitude distortion 
with a prolonged return to the baseline. Drives using thin 
film media or thin film head technology or run-length-lim- 
ited codes characteristically produce such pulses. The 
region 1 detector functions by enabling the differentiator 
from a threshold comparator (Figure 5). Only if the signal 
is greater than a preset threshold will an output pulse be 
enabled. Since noise peaks are characteristically of low 
amplitude, this approach effectively eliminates output 
pulses due to noise. 

Average signal strengths from the recording head will vary 
from track to track and even along the same track. Hence, 
use of threshold comparison and signal processing man- 
dates automatic gain control (AGO) circuitry to maintain a 
constant output from the wideband amplifier. 

Region 2 is characterized by some amplitude distortion 
and a tendency for the signal to return to the baseline. 
Drives using conventional ferrite heads with MFM typi- 
cally produce such pulses. The pulse detector will work 
with most drives operating in regions 1 and 2. 


The DP8460 data separator performs the two basic func- 
tions of read clock generation (using an internal phase- 
locked-loop) and MFM decoding (for MFM systems). It is 
usable with all of the interfaces discussed in this article. It 
receives encoded data from a pulse detector and outputs 
data and clock signals to the controller ( Figure 6). A block 
diagram of the chip is shown in Figure 7. 




* Soft-sectored disks only 


TL/F/5264-6 


FIGURE 6. Data Separator in a Hard Disk System 
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DELAY DISABLE ZEROES/ONES SET PLL LOCK 

PREAMBLE 


TL/F/5264 7 


FIGURE 7. Data Separator Detailed Block Diagram 
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The upper half of the block diagram Is the phase-locked- 
loop which is the heart of the chip. The PLL may be used 
with disks employing MFM or run-length-limited codes. A 
serial data output is derived from the incoming raw data 
that is synchronized to the clock generated by the PLL. 
The synchronized data and clock pair then connect to an 
external data decoder for run-length-limited codes. When 
MFM encoding is used, the output connects internally to 
the MFM decoder. 

The PLL features two user-selectable tracking rates. A 
high tracking rate is used while the PLL is locking onto the 
data stream, but once lock-on is achieved, a more stable 
and slower tracking rate is used. This offers an extremely 
quick lock-on time of less than two bytes, while allowing 
reliable operation by removing bit shift distortions when 
reading the actual data. The tracking rate switches when 
the external SET PLL LOCK signal goes active. When the 
chip is not read-enabled, the PLL tracks an external clock 
source. In a servo system, this is typically the servo clock, 
while stepper motor drives use a crystal. This allows the 
PLL to be at frequency when data decoding begins. 

Internal to the phase-locked-loop is a clock gate circuit 
which delays the data’signal by an amount equal to half of 
the window. No external delay lines are required. The delay 
is guaranteed to be within a specified narrow time slot for 
all internal sources of error combined. 

To generate the read clock, a clock multiplexer and de- 
glitcher are used. The ANSI X3.101 specification calls for 
only one clock between the drive and controller, which is a 
combined read clock/servo clock signal. The SMD specifi- 
cation, on the other hand, specifies both clocks are to be 
on the interface simultaneously. The chip follows the 
ANSI specification so that it can work in both systems. 

When SET PLL LOCK goes active, the READ CLOCK out- 
put switches from external clock to the PLL clock. The 
switch back takes place when the READ GATE signal goes 
inactive. The deglitcher ensures that no short clock 
periods are ever sent to the controller as a result of the 
switch between the two clocks. 


FLOPPY EXTENSION SMD OR ANSI X3.101 



The other portion of the chip is a data decoder that is used 
with systems using the MFM data code. Before lock-on the 
MFM decoder assumes that every incoming pulse is a 
clock pulse and not MFM data. When SET PLL LOCK goes 
active, the phase pattern between clock pulses and data 
pulses is frozen to allow decoding of the data. The output 
of this section is sent to the controller as NRZ READ DATA 
along with the synchronous READ CLOCK. 

The missing clock detector monitors the incoming data 
pattern for an MFM missing clock violation. If there is an 
incoming address mark, and a missing clock is detected, 
the chip activates the signal MISSING CLOCK DETECTED. 


DISK DATA CONTROLLER 

The DP8466 disk data controller is designed to control the 
data transfer between the disk drive and the system as 
shown in Figure 8. All other functions are left to a 
microcontroller or microprocessor. The DDC interfaces to 
the data separator, on one side, and the system bus or an 
intelligent disk interface, on the other side. The primary 
data path functions are to sequence the format field, iden- 
tify the desired sector, serialize memory data when writing 
to disk, and to deserialize and byte-align the disk data. 
Other data path functions performed are data buffering 
and DMA handling. See Figure 9 for a block diagram of the 
chip. 

It is inadequate to store data on the disk media directly as 
received from the host. Various extra fields are needed. 
The external PLL needs a preamble field in order to 
achieve lock-on. The deserializer needs a synch field to 
distinguish the end of the preamble to establish byte 
boundaries within the serial data stream. Address fields, 
called headers, are needed to identify and locate specific 
blocks of data. Error checking and correcting fields are 
typically appended to the data, as well as various types of 
postambles and gaps. 

SYSTEM INTERFACE 
OR INTELLIGENT DRIVE 
INTERFACE 



FIGURE 8. Disk Data Controller in a Disk System 
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DATA 


CRC/ECC 

GENERATOR 

CHECKER 


_____ DATA BUS 
DATA BUS CONTROLS 
TIMING 
AND 

CONTROL 


FIGURE 9. Disk Data Controller Block Diagram' 


PREAMBLE I A.M. I SYNCH I HDR I CRC/ECC I EXT ECC I POSTAMBLE I PREAMBLE I A M. I SYNCH I DATA I CRC/ECC I EXT ECC I POSTAMBLE 


PREAMBLE I SYNCH I HDR I CRC/ECC I EXT ECC I POSTAMBLE I PREAMBLE I SYNCH I DATA I CRC/ECC I EXT ECC I POSTAMBLE I GAP 


PREAMBLE I SYNCH I HDR I CRC/ECC DATA I CRC/ECC I EXT ECC I POSTAMBLE GAP 


FIGURE 10. Typical Disk Formats 


The particular sequence and combination of fields used in 
storing information on the disk is called the format. There 
is ho standard format which is used in all disk drives, but 
three popular formats are shown in Figure 10. To meet all 
the different needs of these drives, the chip is externally 
programmable. The user chooses his own preamble, synch 
pattern, address mark, postamble and gap, and the order 
of the format. This is usually performed only once, at in- 
itialization. During normal operations such as reading to, 
or writing from the disk, header information is written to 
the chip from the microprocessor, along with the mode of 
operation to be performed such as single or multi-sector, 
read, or write. Information in the status register or the error 
register may be accessed. 


The serializer converts the parallel data from memory into 
a serial bitstream and outputs it as NRZ data coincident 
with the WRITE CLOCK, to interface direct to the SMD or 
ANSI interfaces. The DDC may also be configured to out- 
put MFM encoded data to interface easily to the floppy ex- 
tension (ST506) interface. The deserializer converts the 
serial bitstream into byte-wide data for memory. The 
deserializer features a comparator which is not only used 
to perform the initial byte-boundary synchronization but is 
also used in identifying header address. 


An internal 32-byte (16-word) FIFO buffers memory data 
transfers. This FIFO is sufficiently deep to allow extensive 
microprocessor usage during transfer operations without 
causing overruns. The chip can be set to transfer data 8 
bits or 16 bits at a time. Direct memory access (DMA) capa- 
bilities are also included on-chip. A counter provides a 
16-bit address field which can be strobed out of the I/O bus 
prior to valid data. DMA handshake and control signals 
are provided. This eliminates the need for an external DMA 
controller chip, and allows faster memory transfers. 

Cyclic redundancy check (CRC) or ECC calculations are 
made on-chip and appended to the data stream when writ- 
ing, or checked with the CRC/ECC appendage when read- 
ing. When the on-chip CRC/ECC codes are undesirable, 
external circuitry may be used. The disk data controller 
has two control pins forcommunication with such circuitry. 

Besides the standard features discussed above, the chip 
has a number of special features. A unique interrupt, called 
HFASM, notifies the microprocessor that the header 
failed but the sector numbered matched; this is usually a 
serious condition requiring immediate attention. If this 
condition occurs, the last header field read is stored inter- 
nally and is accessible to the microprocessor. Sector inter- 
locking is available for special microprocessor format 
sequencing. In multiple sector operations, checkpoint in- 
terrupts to the microprocessor are available. 
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DP8460 Data Separator 


General Description 

The DP8460 Data Separator is designed for application in 
disk drive memory systems, and depending on system re- 
quirements, may be located either in the drive or in the con- 
troller. It receives digital pulses from a pulse detector circuit 
(such as the DP8464 Disk Pulse Detector), if the DP8460 is 
situated in the drive, or from the Floppy Extension Interface 
if it is situated in the controller. After locking on to the fre- 
quency of these input pulses, it separates them into syn- 
chronized data and clock signals. If the input pulses are 
MFM encoded data, the data is made available as decoded 
NRZ data to be deserialized directly by a controller (such as 
the DP8466 Disk Data Controller). If a run-length-limited 
code is used, the synchronized data output is available to 
allow external circuitry to perform the data decoding func- 
tion. All of the digital input and output signals are TTL com- 
patible and only a single +5V supply is required. The chip is 
housed in a standard narrow 24-pin dual-in-line package 
(DIP) and is fabricated using Advanced Schottky bipolar an- 
alog and digital circuitry. This high speed I.C. process allows 
the chip to work with data rates up to 25Mbit/sec. There are 
three versions of the chip, each having a different decode 
window error specification. All three versions (-2, -3, -4) 
will operate from 2 to 25Mbit/sec, with respectively increas- 
ing window errors, as specified in the Electrical Characteris- 
tics Table. 

The DP8460 features a phase-lock-loop (PLL) consisting of 
a pulse gate, phase comparator, charge pump, buffering 
amplifier, and voltage-controlled-oscillator (VCO). Pins are 
provided for the user to select the values of the external 
filtering components required for the pulse gate and amplifi- 
er, the frequency setting components required for the VCO, 
and two current setting resistors for the charge pump. The 


DP8460 has been designed to lock on to the incoming pre- 
amble data pattern within the first two bytes, using a high 
rate of charge pump current. Once lock-on has been 
achieved, the charge pump switches to a lower rate (both 
rates being determined by the external resistors) to maintain 
stability for the remainder of the read operation. At this time 
the READ CLOCK output switches, without glitching, from 
half the 2f-CLOCK frequency to half the VCO CLOCK fre- 
quency. After lock-on, with soft sectored disks, the MISS- 
ING CLOCK DETECTED output indicates when a missing 
clock in an address mark field occurs so the controller can 
align byte boundaries to begin deserialization of the incom- 
ing data. 

Features 

■ Operates at data rates up to 25Mbit/sec 

■ Separates MFM data into read clock and serial NRZ 
data 

■ 4 byte preamble-lock indication capability 

■ Preamble recognition of MFM encoded “0”s or ‘T’s 

■ User-determined PLL loop filter network 

■ PLL charge pump has two user-determined tracking 
rates 

* External control of track rate switchover 

■ No glitch on READ CLOCK at switchover 

■ Synchronized data provided as an output (for RLL 
codes) 

■ ORed phase comparator outputs for monitoring bit-shift 

■ Missing clock detected for soft sectored disks 

■ Less than y 2 W power consumption 

■ Standard narrow 24-pin DIP 

■ Single +5V supply 


DP8460 Simplified 
Block Diagram 


EXTERNAL COMPONENTS 



PHASE COMPARATOR 
TEST 


SYNCHRONIZED 

DATA 


ZEROES/ SET PLL LOCK 
ONES 
PREAMBLE 
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20 — ENCODED DATA 


19 — READ CLOCK 


18 1— SET PLL LOCK 


VCO CLOCK 8 


17 I — DELAY DISABLE 


PHASE COMP TEST —i 9 


ZER0ES/5NES PREAMBLE — J 10 


15 L— LOCK OETECTED 


MISSING CLOCK DETECTED n 


14 NR2 READ DATA 


13 — SYNCHRONIZED DATA 


PIN DEFINITIONS: 

Power Supply 
24 Vcc +5V ±5% 

12 Ground 

TTL Level Logic Inputs 

16 READ GATE: This is an active high input signal that sets 
the DP8460 Data Separator into the Read Mode. 

17 DELAY DISABLE: This input determines the delay from 
READ GATE going high to the time the DP8460 enters the 
Read Mode. If DELAY DISABLE is set high, this delay is 
within one cycle of the 2f-CLOCK signal. If DELAY DISABLE 
is set low, the delay is thirty two cycles of the 2f-CLOCK, as 
shown in Figure 1. 

18 SET PLL LOCK: This input allows the user to determine 
when the on-chip PLL will go into the low track rate. A high 
level at this input results in the PLL being in the high t rack 
rate. If this input is connected to the LOCK DETECTED out- 
put, the PLL will go into the low track rate mode immediately 
after lock is detected. 

10 ZEROES/ONES PREAMBLE: A high level on this input 
enables the circuit to recognize an All Zeros data preamble. 
A low level results in the recognition of an All Ones data 
preamble. 

20 ENCODED DATA: This input is connected to the output 
of the head amplifier/pulse-detecting network located in the 
disk drive. Each positive edge of the ENCODED DATA 
waveform identifies a change of flux on the disk. In the case 
of MFM encoded data, the input will be raw MFM. 

21 2f-CLOCK: This is a system clock input, which is either a 
signal generated from the servo track (for systems utilizing 
servo tracks), or a signal buffered from a crystal. 

TTL Level Logic Outputs 

8 VCO CLOCK: This is the output of the on-chip VCO, 
transmitted from an Advanced Schottky-TTL buffer. It is 
synchronized to the MFM data output and, if needed, it can 
be used as the 2f-CLOCK for encoding MFM when writing to 
the disk. 

15 LOCK DETECTED: This output goes active low only af- 
ter both PLL Lock has occurred and the preamble pattern 
has been recognized. It remains low until READ GATE goes 
inactive. 


14 NRZ READ DATA: This is the NRZ decoded data output, 
whose leading edges coincide with the trailing edge of 
READ CLOCK. 

13 SYNCHRONIZED DATA: This output is the same encod- 
ed data that is input to the chip, but is synchronous with the 
negative edge of the VCO CLOCK. 

11 MISSING CLOCK DETECTED: When a missing clock is 
detected, this output will be a single pulse (of width equal to 
one cycle of READ CLOCK) occurring as shown in Figure 2. 
19 READ CLOCK: This is half VCO CLOCK frequency dur- 
ing read mode after PLL Lock; it is half 2f-CLOCK frequency 
at all other times. A deglitcher is utilized to ensure that no 
short clock periods occur during either switchover. 

9 PHASE COMP TEST: This output is the logical "OR” of 
the Phase Comparator outputs, and may be used for the 
testing of the disk media. 

Analog Signals 

23, 22, PG1, PG3: The external capacitors and resistor of 
the Pulse Gate filter are connected to these pins. 

1 PG2: This is the Pulse Gate current supply. 

3 IRSET: The current into the rate set pin (Vge/RRate) is 
half the charge pump output current for the slow tracking 
rate. 

2 IBSET: The current into the boost set pin (Vbe/Rboosi) is 
half the amount by which the charge pump current is in- 
creased for the high tracking rate. (Ihirate = Irate Set + 
Iboost Set). 

4 CPOUT: CHARGE PUMP OUT/BUFFER AMP IN is avail- 
able for connection of external filter components, for the 
phase-lock-loop. In addition to being the charge pump out- 
put node, this pin is also the noninverting input to the op- 
amp of the Buffer Amplifier. 

7 RVCO: The current into this pin determines the operating 
currents within the VCO. 

5, 6 VCO Cl, C2: An external capacitor connected across 
these pins sets the nominal VCO frequency. 
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Absolute Maximum Ratings 

Supply Voltage 

7V 





TTL Inputs 


7V 





Output Voltages 

7V 





Input Current (CPOUT, IRSET, IBSET, RVCO) 

2mA 





Storage T emperature - 65°C to 1 50 S C 





Operating Conditions 






Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V CC 

Supply Voltage 


4.75 

5.00 

5.25 

V 

Ta 

Ambient Temperature 


0 

25 

70 

°c 

■oh 

High Logic Level Output Current 

Vco Clock 



-2000 

fiA 



Others 



-400 

•OL 

Low Logic Level Output Current 

Vco Clock 



20 

mA 



Others 



8 

fDATA 

Input Data Rate 


2.0 


25 

Mbit/sec 

IWCK 

Width of 2f-CLOCK, High or Low 


10 



ns 

tWPD 

Width of ENCODED DATA Pulse, 
High or Low (Note 2) 


0.25t 



ns 

V|H 

High Logic Level Input Voltage 


2 



V 

V| L 

Low Logic Level Input Voltage 




0.8 

V 


DC Electrical Characteristics Over Recommended Operating Temperature Range 


Symbol 

Parameter 

Conditions 

Vic 

Input Clamp Voltage 

Vcc = Min., I| = -18mA 

VoH 

High Level Output Voltage 

Vcc = Min., Ioh = Max. 

V OL 

Low Level Output Voltage 

Vcc = Min., Iol = Max. 

>IH 

High Level Input Current 

V CC = Max., V| = 2.7V 

IlL 

Low Level Input Current 

V C c = Max., V| = 0.4V 

■o 

Output Drive Current 

V C c = Max., V 0 = 2.125V 1 

>cc 

Supply Current 

Vcc = Max. 

■out 

Charge Pump Output Current 

IrSET = Vbe/RrATE 
!bSET = Vbe^RbOOST 


V CC -2V 


Vcc-1.6V 


2x| RSET 

2x(Irset+Ibset) 


1. This value has been chosen to produce a current that closely approximates one-half of the true short-circuit output current, Iqs- 

2. t is defined as the period of the encoded data 


v 
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AC Electrical Characteristics Over Recommended Vcc and Operating Temperature Range. 
(All Parts unless stated otherwise) (tp = tp = 2.0ns, Vjh = 3.0V, V||_ » OV) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

'READ 

Positive READ CLOCK transitions from READ GATE set active 
until PLL Lock sequence begins (DELAY DISABLE low) 


16 

17 

— 

*READ 

Positive READ CLOCK transitions from READ GATE set active 
until PLL Lock sequence begins (DELAY DISABLE high) 

■ 

1 

1 

— 

'DECODE NRZ 

Number of READ CLOCK cycles required to output 
each decoded MFM data bit 4 

■ 

2 

3 

T-clock 

'TRANSMIT mfm 

Positive READ CLOCK transitions required to transmit 
input MFM to output 

1 

2 

3 

— 

'READ ABORT 

Number of READ CLOCK cycles after READ GATE 
set low to read operation abort 


■ 

2 

T-clock 

'WINDOW 

DP8460-2 

Variance of center of decode window from nominal 7 DP8460-3 

DP8460-4 

■ 

■ 

2+0. 6%r 
3+0.8%r 
4+1.0%r 

ns 

‘{’LINEARITY 

Phase range for charge pump output linearity 2 

-7T 


+ 7T 

Radians 

Ki 

Phase Comparator — Charge Pump gain constant 5 

m 

Vbe 

7tR 


Amps/rad 

^CONTROL 

Charge pump output voltage swing from nominal 


±100 


mV 

k V co(=Axk 2 ) 

VCO gain constant («vco = VCO center frequency in rad/s) 5 

1.4a>c 

1.6«c 

1.8wc 

rad/sec. V 

Vbe 

Vbe 

Vbe 

'vco 

VCO center frequency variation over temperature and Vcc 

-5 


+ 5 

% 

f MAX VCO 

VCO maximum frequency 

70 



MHz 

'hold 

Time READ CLOCK is held low during changeover 
after lock detection has occurred 3 


■ 

I 1 /* 

T-clock 

'mfmskew 

Output skew between VCO clock and Synchronized Data 




ns 

'nrzskew 

Output skew between READ CLOCK, NRZ READ 
DATA and MISSING CLOCK DETECTED 




ns 


1. A sample calculation of frequency variation vs. control voltage: V|fj - ±0.2V; Kyco ■ 


“OUT 0.4 &>c 2.0 o>c (rad/sec) 

~V^ o!iv V~ (volt) 

2. -irto +ir with respect to 2f VCO CLOCK 

3. T-clock is defined as the time required for one period of the READ CLOCK to occur. 

4 . This number remains fixed after PLL Lock occurs. 

5. With respect to VCO CLOCK; IpuMP OUT ” 2 IseT 

Vbe 
r set 

6. Although specified as the VCO gain constant, this is the gain from the Buffer Amplifier input to the VCO output. 

7 . r is defined as the period of the incoming data stream 


'SET 
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LOCK KTECTE6 
SET HI LOCK 


Cp, Dp - preamble clock and preamble data bits respectively. 

L - Number of 2f-clock cycles required for VCO to lock (typically = 20 2f-clock cycles), but determined by external component values 
At 32 + L, VCO has just locked. 

At 64 + L, circuit has confirmed lock (has been in lock for 16 MFM clock bits). This sequence shows the MFM preamble pattern. 

FIGURE 1. Lock-on Sequence Waveform Diagram 


09t8dQ 
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TL/F/5182-4 

* READ CLOCK and NRZ READ DATA may be delayed by one VCO clock period depending on the phase of the internal clock at activation of READ GATE Input 
© MISSING CLOCK DETECTED is one READ CLOCK period ahead of the chip issuing D8 on the NRZ READ DATA output when READ CLOCK is delayed by one VCO clock period 
® MISSING CLOCK DETECTED is synchronous with the chip Issuing D8 on the NRZ READ DATA Output when READ CLOCK Is not delayed 


FIGURE 2. Missing Clock Detection Waveform Diagram 
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READ 

SATE 



• L indicates the number of cycles required for the VCO to lock to the 2f-CLOCK 

NOTE 1: READ GATE going low will always result in NRZ READ DATA going low regardless of the state of the last bit 

FIGURE 4. Lock-Ending Sequence Waveform Diagram 
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DP8460 Detailed Block Diagram 












DP8460 


CIRCUIT OPERATION 

When the READ GATE input goes high, the DP8460 Data 
Separator enters the read mode after a period determined 
by the state of the DELAY DISABLE pin. This may be either 
one or thirty two 2f-CLOCK cycles. Referring to Figure 1, 
once in the read mode, the phase-locked-loop reference 
signal is switched from 2f-CLOCK input to the ENCODED 
DATA input. The PLL, initially in the high-tracking rate mode, 
then attempts to lock onto the incoming encoded data 
stream. By careful selection of the loop filter components, 
this can be within 2 bytes. Preamble pattern recognition 
then can begin. As soon as two bytes of the selected pre- 
amble are detected, (the selection is determined by the ZE- 
ROES/ONES PREAMBLE pin) the LOCK DETECTED out- 
put goes low. In a typical MFM disk drive application, the 
LOCK DETECTE D output is directly connected to the 
SET PLL LOCK input. With this connection, track rate se- 
lection, clock output switchover, and data output enabling 
will occur after four consecutive preamble bytes have been 
fed into the chip, from the time the read mode began. 

A low level on the SET PLL LOCK causes the PLL Charge 
Pump to switch from the high to low tracking rate. At the 
same time the source of the READ CLOCK signal is 
switched from half the frequency of the 2f-CLOCK to half 
the VCO clock. The MFM decoder also becomes enabled 
and begins to output decoded NRZ data. If the preamble is 
being decoded, and it is a zeroes data preamble, the NRZ 
READ DATA output will remain low until the end of the pre- 
amble. It will then output NRZ data some 2f-CLOCK periods 
after the preamble field has ended, as shown in Figures 2 
and 3. 

Figure 4 shows the sequence when READ GATE goes low, 
signifying the end of a read operation. The PLL reference 
signal is switched back to half the 2f-CLOCK and the 
LOCK DETECTE D output (and therefore the 
SET PLL LOCK input) goes high. The PLL then returns to 
the high tracking rate, and the output signals return to their 
initial conditions. 

CIRCUIT DESCRIPTION 

1. Read Enable and Delay: If the DELAY DISABLE input is 
connected low, then thirty two 2f-CLOCK cycles after READ 
GATE goes active, the DP8460 will go into the read mode. If 
the DELAY DISABLE input is connected high, the chip will 
go into the read mode one 2f-CLOCK cycle after READ 
GATE goes active. This feature allows the user to choose 
the time at which the PLL Lock Sequence begins and thus 
accommodates systems with short preambles. 

2. Pulse Gate, including Input Multiplexer and Data Synchro- 
nizer: The Input Multiplexer selects the input to the phase- 
lock-loop. While the chip is in the bypassed mode, the PLL 
is locked on half the 2f-CLOCK frequency, but in the read 
mode, the Input Multiplexer switches to the ENCODED 
DATA signal. The VCO CLOCK then begins to synchronize 
with the ENCODED DATA signal. The Pulse Gate allows a 
reference signal from the VCO into the Phase Comparator 
only when a ENCODED DATA bit is valid. The Pulse Gate 
utilizes a scheme which delays the incoming data by one- 
half the period of the 2f-CLOCK. This optimizes the position 
of the decode window and allows input jitter up to ± half the 
2f-CLOCK period, assuming no error in the decode window 
position. The decode window error can be determined from 
the specification in the Electrical Characteristics Table. 


3. Phase Comparator: The Phase Comparator receives its 
inputs from the Pulse Gate, and is edge-triggered from 
these inputs to provide charge-up and charge-down out- 
puts. 

4. Charge Pump: The high speed charge pump consists of a 
switchable constant current source and sink. The charge 
pump constant current is set by connecting external resis- 
tors to Vcc from the charge current rate set (IRSET) and 
current boost set (IBSET) pins. Before lock is indicated, the 
PLL is in the fast tracking rate and both resistors determine 
the current. In the slow tracking rate after lock-on, only the 
IRSET resistor determines the charge pump current. The 
output of the charge pump feeds into external filter compo- 
nents and the Buffer Amplifier. 

5. Buffer Amplifier: The input of the Buffer Amplifier is inter- 
nally connected to the charge pump’s constant current 
source/sink output as well as the external Loop Filter com- 
ponents. The Buffer Amplifier is configured as a high input 
impedance amplifier which allows for the connection of ex- 
ternal PLL filter components to the Charge Pump output pin 
CPOUT. The output of the Buffer Amplifier is internally con- 
nected to the VCO control input. 

6. VCO: The Voltage-Controlled-Oscillator requires a resis- 
tor from the RVCO pin to ground and a capacitor between 
pins Cl and C2, to set the center frequency. The VCO fre- 
quency can be varied from nominal by approximately 
±20%, as determined by its control input voltage. 

7. PLL Lock-on/Preamble Pattern Detector: To recognize 
preamble, the preamble pattern from the disk must consist 
exclusively of either data bit zeroes (encoded into ..10.. 
MFM clock pulses) when the ZEROES/ONES PREAMBLE 
pin is set high, or data bit ones (encoded into ..01.. MFM 
clock pulses) when set low. The preamble pattern must be 
long enough to allow the PLL to lock, and subsequently for 
the Preamble Pattern Detector circuit to detect two com- 
plete bytes. 

Once the chip is in the read mode, the VCO proceeds to 
lock on to the incoming data stream. The Preamble Pattern 
Detector then searches for a continuous pattern of 
10101010101010101010101010101010 (16 consecutive pul- 
ses at the data rate) to indicate lock has been achieved. 
The LOCK DETECTED output then goes low. 

Any deviation from the above-mentioned one-zero pattern 
at any time before PLL Lock is detected will reset the PLL 
Lock Detector. The lock detection procedure will then start 
again. 

8. MFM Decoder: The MFM Decoder receives synchronized 
MFM data from the Putse Gate and converts it to NRZ 
READ DATA. For run-length-limited codes the MFM Decod- 
er and Missing Clock Detector will not be used. 

9. Missing Clock Detector: This block is only required for 
soft-sectored drives, and is used to detect a missing clock 
violation of the MFM pattern. The missing clock is inserted 
when writing to soft-sectored disks to indicate the location 
of the Address Mark in both the ID and the Data fields of 
each sector. Once PLL Lock has been indicated, the Miss- 
ing Clock Detector circuit is enabled. MISSING CLOCK DE- 
TECTED will go active only if the incoming data pattern con- 
tains one suppressed clock bit framed by two adjacent 
clock bits. The output signal goes high for one cycle of 
READ CLOCK. 
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10. Clock Mu ltiplexer and Deglitcher: When the 
SET PLL LOCK input changes state this circuit switches 
the source of the READ CLOCK signal between the half 21- 
CLOCK frequency and the half VCO CLOCK frequency. A 
deglitcher circuit is utilized to ensure that no short clock 
periods occur during either switchover. 

BIT-JITTER TOLERANCE 

The three options of the DP8460, the -4, -3 and -2 offer 
decreasing window errors (respectively) so that the parts 
may be selected for different data rates (up to 25Mbit/sec). 
The -4 part will be used in most low data rate applications. 
As an example, at the 5Mbit/sec data rate of most 5% inch 
drives, T ** 200ns so that from the Electrical Characteristics 
Table, twiNDOW = (4 + (1% of 200ns)) or 6ns. The chip 
therefore contributes up to 6ns of window error, out of the 
total allowable error of 50ns (half the 2f-clock period of 
100ns). This allows the disk drive to have a margin of 44ns 
of jitter on the transition position before an error will occur. 


ANALOG CONNECTIONS TO THE DP8460 

External passive components are required for the Pulse 
Gate, Charge Pump, Loop Filter and VCO as shown in Fig- 
ure 5. The information provided here is for guidelines only. 
The user should select values according to his own system 
requirements. Phase-Locked Loops are complex circuits 
that require detailed knowledge of the specific system. Fac- 
tors such as loop gain, stability, response to change of sig- 
nal, lock-on time, etc are all determined by the external 
components. In many disk systems these factors are crit- 
ical, and National Semiconductor recommends the designer 
be knowledgeable of phase-locked-loops, or seek the ad- 
vice of an expert. Inaccurate design will probably result in 
excessive disk error rates. The phase-locked-loop in the 
DP8460 has many advantages over all but the most sophis- 
ticated discrete designs, and if the component values are 
selected correctly, it will offer significant performance ad- 
vantages. This should result in a reduction of disk error 
rates over equivalent discrete designs. 


PG2 4 PG1 4 PG3 


Co RraTE< Ca teOQST* 
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CONTROLLED 

OSCILLATOR 
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FIGURE 5. Phase-Locked-Loop Section 
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Pulse Gate 

There are four external components connected to the Pulse 
Gate as shown in Figure 6 with the associated internal com- 
ponents. The values of Rpgi. RpG 2 . Cpqi, and CpQ 2 are 
dependent on the data rate. Rpei is proportional to the data 
rate, while RpQ 2 . Cpci and CpQ 2 are inversely proportional. 
Table I shows component values for the data rates given. 
For other data rates, use the equations Rpgi = (TBD x 
fvco) kft, RpG 2 = ((TDB / fyco) _ 0-89) kfi, Cpci = (TBD / 
fvco) P F and CpQ 2 = (TBD / fyco) pF. where fyco is ths 
VCO frequency in MHz. As an example, at 5Mbits/sec data 
rate, fyco = 10 MHz. This produces Rpqi = ... k Cl, RpG 2 = 
... kfl, Cpci = ... pF and CpQ 2 = P F - Components with 
5% tolerance will suffice. 


Data Rate 

RPG2 

Rpgi 

C PG1 

CpG2 

2Mbit/sec 

16kfl 




5Mbit/sec 

4.7kil 




lOMbit/sec 

1.9kft 




15Mbit/sec 

750ft 




20Mbit/sec 

30on 




25Mbit/sec 

0 





TABLE I. Pulse Gate Component Selection Chart 


Charge Pump 

Resistors Rrate and Rboost determine the charge pump 
current. The Charge Pump bidirectional output current is ap- 
proximately (within ±1 0%) twice the in put current. In the 
high tracking rate with SET PLL LOCK high, the input cur- 
rent is Ibset + Irset. ie. the sum of the currents through 
Rboost and Rr ate from Vcc. In the low tracking rate, with 
SET PLL LOCK low, this input current is Irset only. 

A recommended approach would be to select Rrate first. 
The External Component Limits table allows Rrate t0 be 
1.2kH to 6.5kft, so for simplicity select Rrate = 3.3kft. A 
typical loop gain change of 4:1 for high to low tracking rate 
would require Rboost =’ Rrate /3 or l.lkft. Referring to 
Figure 7 the input current is effectively Vbe / Rrate in the 
low tracking rate, where Vbe is an internal voltage. This 
means that the current into or out of the loop filter is approx- 
imately 2 Vbe ! Rrate. °r in this example approximately 
0.4mA. Note that although it would seem the overall gain is 
dependent on 'Vbe. this is not the case. The loop gain is 
altered internally by an amount inversely proportional to 
Vbe, as detailed in the section on the Loop Filter. This 
. means that as Vbe varies with temperature or device 
spread, the gain will remain constant for a particular fixed 
values of Rrate and Rboost- This alleviates the need for 
potentiometers to select values for each device. The toler- 
ance required for these two resistors will depend on the 
total loop gain tolerance allowed, but 5% would be typical. 
Also Vcc by-pass capacitors are required for these two re- 
sistors. A value of lOOOpF is suitable for each. 



TL/F/5182-9 

FIGURE 6. Pulse Gate Controls 
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The value of Rvco is fixed at 1 kfl ±1% in the External 
Component Limits table. This requires a resistor more accu- 
rate than 1% to allow for temperature variations. Figure 8 
shows how Rvco ' s connected to the internal components 
of the chip. This value was fixed at Ikfl to set the VCO 
operating current such that optimum performance of the 
VCO is obtained for production device spreads. This means 
fixed value components will be adequate to set the VCO 
center frequency for production runs. The value of Cvco 
can therefore be determined from the VCO frequency fvco. 
using the equation: Cvco = 1 1 (Rvco) (fvco) where fvco is 
twice the input data rate. As an example, for a 5Mbit/sec 
data rate, fvco = lOMhz, requiring that Cyco = 100pF. The 


capacitor tolerance also should be better than 1%. The ca- 
pacitor is connected to internal circuitry of the chip as 
shown in Figure 9. 

This equation does not cover the whole range of data rates. 
As the data rate increases and Cvco gats smaller, the ef- 
fects of unwanted parasitic capacitances influence the fre- 
quency. As a guide the graph of Figure 10 shows approxi- 
mately the value of Cvco f° r a given data rate. 

The center frequency may be checked by applying pulses at 
the ENCODED DATA input with READ GATE set high. The 
input frequency should be varied above and below the cho- 
sen center frequency until the VCO stops tracking. Typically 
this will be 20% either side of the center frequency. 


'^co | Cvco 

Cl it C2 


FIGURE 8. VCO Current Setting Resistor 


FIGURE 9. VCO Capacitor 


DATA RATE (Mbits/sec) 


FIGURE 10. VCO Capacitor Value for Disk Data Rates 
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Loop Filter 

The input current into the Buffer Amplifier is offset by a 
matched current out of the Charge Pump, and even so is 
much less than the switching current in or out of the Charge 
Pump. It can therefore be assumed that all the Charge 
Pump switching current goes into the Loop Filter compo- 
nents R|_fi and Clfi and C|_F 2 - The tolerance of these com- 
ponents should be the same as Rrate and Rboost. and 
will determine the overall loop gain variation. The three 
components connected to the Charge Pump output are 
shown in Figure 11. Note the return current goes to analog 
GND, which should be electrically very close to the GND pin 
itself. 

The value of capacitor Clfi basically determines loop sta- 
bility-the larger the value the longer the loop takes to re- 
spond to an input change. If Clfi is too small, the loop will 
track any jitter on the ENCODED DATA input and the VCO 
output will follow this jitter, which is undesirable. The value 
of Clfi should therefore be large enough so that the PLL is 
fairly immune to phase jitter but not large enough that the 
loop won’t respond to longer term data rate changes that 
occur on the disk drive. 

The damping resistor Rlfi is required to damp any oscilla- 
tion on the VCO input that would otherwise occur due to 
step function changes on the input. A value of Rlfi that 
would give a phase margin of around 45 degrees would be a 
reasonable starting point. 

The main function of the capacitor Clf 2 is to integrate the 
effects of the VCO frequency on the VCO input voltage. 
Typically its value will be about one tenth of Clfi- 


10k 
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FIGURE 12. Loop Response Components 


Figure 12 shows the relevant phase-locked-loop blocks that 
determine system response, namely the Phase Detector, 
Filter/ Buffer Amplifier, and VCO. The Phase Detector 
(Phase Comparator and Charge Pump) produces an aggre- 
gate output current i which is proportional to the phase dif- 
ference between the input signal and the VCO signal. The 
constant (Ki) is Vre/^R amps per radian. R is either Rrate 
or Rrate II R BOOST- This aggregate current feeds into or 
out of the filter impedance (Z), producing a voltage to the 
VCO that regulates the VCO frequency. The VCO gain con- 
stant is 0.4 «vco /v BE radians per second per volt. Under 
steady state conditions, i will be zero and there will be no 
phase difference between the input signal and the VCO. 
Any change of input signal will produce a change in VCO 
frequency that is determined by the loop gain equation. This 
equation is determined from the gain constants Ki, A and 
K 2 and the filter v/i response. 

The impedance Z of the filter is: 


1 

SC2 


+ R ’) ‘ 


1 + sG|Ri 
C 2 

sO|(1 + — + SC 2 R 1 ) 
Cl 


If C 2 < Ci then the impedance Z approximates to: 


1 + sG|Ri 

sCi (1 + SC2R1) n 

KiAK 2 1 + sCiRi 

The overall loop gain is then G(s)= x— — — — 

S SC^(1 + SC 2 R 1 ) 
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The desired Bode plot of gain and phase is shown in Figure 
13, with -20dB/decade slope at o>o for stability at unity 
gain. 


Select a bandwidth fo = 200kHz so that a>o = 2 n x 200kHz 
(giving a ratio of fvco / fo = 50) 

Select a phase margin <f> between 30” and 70° for stability. 
Choose 4> = 45° for optimum response 
(1 - sin 45°) 

Then C 2 Ri = - — — — ^ — = 0.33 x 10-6 sec 

* 1 2tt x 200 x 103 x cos 45° 



FIGURE 13. Bode Plot of Loop Response 

If the point of inflexion of the phase curve is at wo. (the loop 
natural frequency and therefore the closed loop bandwidth), 
then it can be shown that for a phase margin <}>, 

_ „ 1 - sin 4> 

CpRi = sec 

o)Q cos<f> 


°' R ' ' 


and Ci = 


1 + woCiRi 
1 + wqC 2 Ri 


As an example, if we want the PLL to lock-on within two 
bytes of preamble in the high tracking rate mode, and the 
disk data rate is 5Mbits/sec, or one bit every 200ns. 

(Thus fyco = 10MHz) 
time to lock = 16 x 0.2/xs = 3.2/xs 
Closed loop bandwidth fo> (0.3/3.2) MHz or about 
100kHz 

(the factor 0.3 is a rule of thumb guideline derived from the 
product of rise time and bandwidth). 


and C-|Ri = — — — — — — — — / = 1.92x10-6 sec 
(27rx 200x10 3 ) 2 x0.33 x10~ 6 

To determine Cl, we need to know Ki, A and K 2 . 

Vre 

Ki = — — amps per radian 

7Tn 

In the high tracking rate, R - 1.1k || 3.3k = 825ft for our 
example from the Charge Pump calculations 

V B f 

So Ki ** — — amps/radian 

7 r x 825 

the Buffer Amplifier gain A is internally set to 4.0 
„ 0.4wvcO 

K 2 = — — radians per sec per volt 

Vbe 

0.4 x 2n- x 107 

K 2 = radians per sec per volt 

Vbe 

Vrf 0.4 x 27 r x 10? 

so Ci = x 4.0 x r— x 

1 77 x 825 V BE x (277 x 200 X 103)2 

1 + (277 x 200 x 103 x 1.92 x 10-6) 

1 + (277 x 200 x 103 x 0.33 x 10-6) F 

The V BE in the Ki equation cancels with the V BE in the K 2 

equation provided good matching is maintained on the 

DP8460. 

Thus Ci = 5.923 x 10" 8 F. Select Ci to be 0.056/xF 
1.92 x 10-6 


radians per sec per volt 


.. Rt = 


56000 X 10-12 


ft = 34.28ft. Select Ri = 33ft 


0.33 x 10-6 

. . C 2 = — F = 10-8F = 0.01 ju.F. Select C 2 = 0.01 jaF 
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The calculated values are only a guide, the user should then 
empirically test the loop and determine stability, lock-on 
time, jitter tolerance, etc. . 

Note that capacitor C 2 affects the amount by which the 
Charge Pump switching current affects the filter voltage. 
Obviously as C 2 is increased in value ripple will decrease, 
but the closer the -40dB/decade slope gets to w 0 on the 
Bode plot the more unstable the loop will be. Thus if C 2 is 
made too large the loop will oscillate. 

Resistor Rj determines where the low-frequency end 
-40dB/decade slope changes into the -20dB/decade 
slope. The wider the -20dB/decade slope is around unity 
gain, the more stable the loop becomes. If is too large it 
will reduce the impact of C-|, while too small a value will 
increase instability. The capacitor Ci strongly effects the re- 
sponse of the loop. Too high a value will slow down the 
response time, but make it less prone to jitter or frequency 
shift whereas too low a value will improve response time 
while tending to react to jitter. 

Other filter combinations may be used, other than R|_fi in 
series with Clfi, all in parallel with Clf 2- For example the 
filter shown in Figure 14 will also perform similarly, and in 
fact for some systems it will yield superior performance. 


DIGITAL CONNECTIONS TO THE DP8460 

Figure 17 shows a connection diagram for the DP8460 in a 
typical application. All logic inputs and outputs are TTL com- 
patible as shown in Figures 15 and 16. The VCO CLOCK 
output is 74AS compatible and can therefore drive up to 40 
74AS (or 74F) inputs, or 10 74S inputs, or 100 74ALS inputs, 
or 50 of 74LS inputs. All other outputs are 74ALS compati- 
ble and so will drive up to 16 74AS inputs, or 4 74S inputs, or 
40 74ALS inputs or 20 74LS inputs. All inputs are 74ALS 
compatible and therefore can be driven easily from any 74 
series devices. The raw MFM from the pulse detector in the 
drive is connected to the ENCODED DATA input. The DE- 
LAY DISABLE input determines whether attempting lock-on 
will begin immediately after READ GATE is set or after 2 
bytes. Typically in a hard-sectored drive, READ GATE is set 
active as the sector pulse appears, meaning a new sector is 
about to pass under the head. Normally the preamble pat- 
tern does not begin immediately, because gap bytes from 
the preceding sector usually extend just beyond the sector 
pulse. Allowing 2 bytes to pass after the sector pulse helps 
ensure that the PLL will begin locking on to preamble, and 
will not be chasing non-symmetrical gap bits. Attempting to 
lock-on to a fixed ....1010.... preamble pattern speeds up 
lock-on, and after another two bytes the PLL will nominally 
have locked-on. Thus DELAY DISABLE should be set low 
for this kind of disk drive. 



I I 


FIGURE 14. Alternate Loop Filter Configuration 
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FIGURE 15. Logic Inputs 
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FIGURE 16. Logic Outputs 


10-26 



10-27 










DP8460 


For soft sectored drives, the controller normally will not wait 
for the index pulse before it attempts lock-on, so that READ 
GATE may go active at any time. Chances are the head will 
not be over a preamble field and therefore there is no need 
to wait 2 bytes before attempting lock-on. DELAY DISABLE 
can therefore be set high. If a non-preamble field is passing 
by as READ GATE goes active, the DP8460 will not indicate 
lock, and no data decoding will occur nor will MISSING 
CLOCK DETECTED go active. Normally, if lock-on has not 
been achieved after a certain time limit, the controller will 
de-activate READ GATE and then try again. 

For MFM encoded disk drives, th e LOCK DETEC TED out- 
put will be connected back to the SET PLL LOCK input. As 
the PLL achieves lock-on, the DP8460 wilj automatically 
switch to the slower tracking rate and decoded data will 
appear at the NR2 READ DATA output. Also the READ 
CLOCK output will switch from half the 2f-clock frequency to 
the disk data rate frequency. If a delay is required before the 
changeover occurs, a time delay may be inserted between 
the two pins. 


Some drives have an all-ONES data preamble instead of all- 
ZEROES and the DP8460 must be set to the type being 
used b efore it can properly decode data. The ZEROES/ 
ONES PREAMBLE input selects which preamble type the 
chip is to lock-on to. 

If the drive uses a run-length-limited (RLL) code such as 
’2, 7’, instead of MFM, the phase-locked-loop function of 
the DP8460 may still be used. Figure 18 shows how the 
DP8460 may be connected to a RLL ENDEC circuit. The 
RLL ENDEC performs encoding of NRZ data to RLL encod- 
ed data, and RLL encoded data back to NRZ data. The RLL 
ENDEC can use the SYNCHRONIZED DATA output of the 
DP8460 along with VCO CLOCK to lock-on to the preamble 
and then decode data. Once lock-on has bee n detected, 
the RLL ENDEC can set the SET PLL LOCK input of the 
DP8460 low so that the tracking rate can be changed. 



TL/F/51 82-21 


FIGURE 18. DP8460 with Run-Length-Limited (RLL) Codes 
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APPLICATIONS OF THE DP8460 DATA SEPARATOR 

The DP8460 is the first integrated circuit to place on one 
chip a PLL with features that offer the improved speed and 
reliability required by the disk industry. Not only does the 
chip simplify disk system design, but also provides fast lock- 
on to the incoming preamble. Once locked on, the loop is 
set into a more stable mode. This inherent loop stability 
allows for a sizeable amount of jitter on the data stream, 
such as is encountered in many disk systems. Once in the 
stable tracking rate, the SYNCHRONIZED DATA output rep- 
resents the incoming ENCODED DATA and is synchronous 
with VCO CLOCK. If the disk is MFM encoded, then the chip 
can decode the synchronized data into NRZ READ DATA 
and READ CLOCK. These are available as outputs from the 
chip allowing the NRZ READ DATA to be deserialized using 
the READ CLOCK. 

The DP8460 is capable of operating at up to 25Mbits/sec 
data rates and so is compatible with a wide assortment of 
disk drives. The faster data rates of the 8-inch and 14-inch 
disk drives will mandate the selection of either the 


DP8460-3 or -2 parts with their narrower window margins 
on the incoming data stream. This will also be the case 
when 5%-inch drives achieve higher data rates. Some 8- 
inch and 14-inch disk drives incorporate the functions of the 
DP8460, but use many discrete ICs. In these cases, replac- 
ing these components with the DP8460 will offer reduced 
P.C. board area, lower cost, and improved performance 
while simplifying circuit testing. 

Most 5%-inch and many 8-inch and 14-inch disk drives 
manufactured at present do not incorporate any of the func- 
tions of the DP8460. This is so primarily because the PLL 
function is difficult to design and implement, and requires 
circuitry which covers a large area of the printed circuit card. 
This is undesirable both from the drive size aspect and from 
the cost aspect (the cost includes soldering, testing, and 
adjusting the components). Consequently, most smaller 
disk drives output MFM encoded data so that the phase- 
locked-loop and data separation have to be performed by 
the controller. The DP8460 will therefore replace these 
functions in controller designs, as shown in Figure 19. 



A 
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FIGURE 19. DP8460 in the Controller 
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System design criteria may now change because the 
DP8460 is a one-chip solution, requiring only a few external 
passive components with fixed values. It operates from a 
+5V supply, consumes about 0.5W, and is housed in a nar- 
row 24-pin package. The circuitry has been designed so that 
the external resistors and capacitors need not be adjusta- 
ble; the user chooses the values according to the disk drive 
requirements. Once selected, they will be fixed for that par- 
ticular drive type. These features make it possible to trans- 
fer these functions to the disk drive, as shown in Figure 20. 
Apart from a slight increase in board area, the advantages 
outweigh the disadvantages. First, the components select- 
ed are fixed for each type of drive and this facilitates the 
problem of interchangeability of drives. At present, control- 
lers are adjusted to function with each specific drive; with 
the DP8460 in the drive, component adjustment will no long- 
er be required. Second there is often a problem of reliability 
of data transfer. Because the MFM data is clock encoded, 
this signal is susceptible to noise, bit shift, etc. Soft errors 
will sometimes occur when the incoming disk data bit posi- 


tion is outside the Pulse Gate window as it is being synchro- 
nized to the VCO clock in the phase-locked-loop. Obviously, 
the nearer the PLL is to the MFM source, the less chance 
there is that errors will occur. Thus placing the DP8460 in 
the drive will increase the reliability of data transfer within 
the sysem. 

A third advantage is data rate upgrading. Most 5Vi-inch 
drives have 5Mbit/sec data rate because the early drives 
were made with this data rate. This meant the controllers 
had to be designed with PLLs which operate at this data 
rate. It is therefore, difficult for drive manufacturers to intro- 
duce new drives that are not compatible with existing con- 
trollers. Since no new standard data rate has emerged, they 
must continue to produce drives at this data rate to be com- 
patible with the controllers on the market. With the DP8460 
in the drive, and its associated components set for the 
drive’s data rate, it no longer becomes a problem to in- 
crease the data rate, assuming the controllers digital circuit- 
ry can accommodate the change. This will allow the manu- 
facturers to increase the bit density and therefore the ca- 
pacity of their drives. 



T 


CONTROLLER 
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National 
Semiconductor 

DP8464 Disk Pulse Detector 

General Description 

The DP8464 disk pulse detector utilizes analog and digital 
circuitry to detect amplitude peaks of the signal received 
from the read/write amplifier fitted in the heads of disk 
drives. The DP8464 produces a TTL compatible output 
which, on the positive edge, indicates a signal peak. Elec- 
trically, these peaks correspond to Is or flux reversals on 
the magnetic medium. The signal received when reading a 
disk is therefore a series of pulses which alternate in 
polarity. The disk pulse detector must accurately deter- 
mine the time positions of these peaks. This task is com- 
plicated by variable pulse amplitudes depending on the 
media type, head position, head type, and read/write 
amplifier circuit gain. Additionally, as the bit density on 
the disk increases the amplitude decreases and signifi- 
cant bit interaction occurs resulting in pulse distortion. 

The graph below shows how pulse amplitude varies with 
the number of bits per inch (or recording density). The pre- 
dominant disk applications are associated with the first 
two regions on the graph, regions 1 and 2. Typical 
waveforms received by the pulse detector for regions 1 
and 2 operation are shown next to the graph. A region 1 
signal is characterized by the waveform returning to the 
baseline between pulses. A region 2 waveform will go from 
a tendency to return to the baseline (called shouldering) to 
almost sinusoidal at the higher frequencies. 


Disk Support 

PRELIMINARY 


The disk pulse detector is fabricated using the advanced 
Schottky process, and has been designed to function with 
data rates up to 25 megabits/second. The DP8464 is housed 
in a standard narrow 24-pin package. Normally, it will be 
fitted in the disk drive, and its output may be directly con- 
nected to the DP8460 data separator. 

Features 

■ Connects directly with the disk head read/write 
amplifier 

■ Wide input signal amplitude range— from 20 mVpp to 
600 mVpp differential 

■ Data rates up to 25 Mbits/sec 

■ On-chip wideband differential AGC amplifier, differen- 
tiator, comparator gating circuitry, output pulse 
generator 

■ Adjustable comparator threshold 

■ Selectable attack and differentiator capacitors 

■ Inputs and outputs TTL compatible 

■ Output may connect directly to the DP8460 data 
separator 

■ Standard narrow 24-pin dual-in-line package 

■ Standard supply: 12V ± 10% 



FUTURE DISK DRIVE ELECTRONICS 




Pulse Amplitude vs Bit Density with Typical Waveforms 
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Functional Description 

DETECTOR OPERATION 

Region 1 is the high resolution area characterized by a 
large spread between flux reversals and a definite return 
to baseline (no signal) between these peaks. Pulses of this 
type are predominantly found in systems which use thin 
film heads, plated media and systems which utilize run- 
length-limited coding techniques (like the 2,7 code) which 
spread the distance between flux reversals. 

The main circuit blocks of the DP8464 are shown in Figure 1. 
The output from the read/write amplifier is fed directly to 
the amplifier input of the DP8464. This amplifier is a high 
bandwidth amplifier with automatic gain control (AGC). 
The amplifier’s output voltage is fed back via an external 
filter to an internal fullwave rectifier and compared 
against the external voltage on the V REF pin. The AGC cir- 
cuit adjusts the gain of the amplifier to make the peak to 
1 peak differential analog output four times the voltage on 
V REF . The circuit is designed for a V REF of IV which pro- 
duces constant 4V peak to peak differential output for dif- 
ferential input signals ranging from 20 mVpp to 300 mVpp. 

The peak detection is performed by feeding the output of 
the wideband amplifierthrough an external filter to the dif- 
ferentiator. The differentiator output changes state when 
the input pulse changes direction, generally this will be at 
the peaks. However, if the signal exhibits shouldering (the 
tendency to return to the baseline) as seen in region 1 and 
the upper part of region 2, the differentiator will also re- 
spond to noise near the baseline. To avoid this, the signal 
is also fed to a comparator which is used to define a level 
around the baseline. Data detection is prevented when the 
input is less than this level. The threshold for this compar- 
ator is externally set via the SET THRESHOLD pin. The 
comparator output feeds the hold input of the differen- 
tiator. The output of the differentiator then drives the bi- 
directional one-shot. A 4 Vpp differential output voltage 
will produce a IV fullwave rectified signal at the input of 
the comparator. Therefore, if the voltage on the SET 
THRESHOLD pin is 0.3V, the input must be larger than 
± 300 mV before the differentiator is allowed to trigger the 
one-shot. This comparator circuit thus acts as a gating 
channel to prevent any noise near the baseline from con- 


taminating the data. The diff output, encoded data, and 
comp out are all standard TTL outputs. The pulse width of 
the encoded data can be adjusted from 20 ns to 200 ns via 
the set pulse width. 

The timing of the gating channel with respect to the dif- 
ferentiator output is critical. If the delay through the com- 
parator is longer than the delay through the differentiator, 
then the window is not centered around the peak of the 
waveform and the circuit will not perform optimally. The 
correct operation is to have the differentiator output 
switch in the middle of the comparator output waveform. 
Often, to make the differentiator less sensitive to high fre- 
quency noise, an RLC filter will be used in place of the dif- 
ferentiator capacitor. This will increase the delay time 
through the differentiator. To cancel out the effect of this 
delay, an external delay can be inserted between comp out 
and diff hold. 

Offset of the differentiator is critical to the performance of 
the circuit. Offset will cause “pulse pairing” which simply 
means that every other pulse is delayed. This happens 
because a positive offset will delay all the positive pulses. 
This obviously will ruin the encoded data. The DP8464 pro- 
vides two Coffset Pi ns for an external capacitor. This 
capacitor will bandlimit the differential signal going into 
offset adjust circuitry in the differentiator. In this way, the 
differentiator is actively corrected to eliminate the initial 
offset and drift with temperature and time. 

The wideband amplifieroutput is provided toallowtheuse 
of external filters to the differentiator and to the AGC cir- 
cuit. The filter to the differentiator enables the user to limit 
the bandwidth for noise considerations. The filter to the 
AGC circuit allows the user to insert a lead network to pre- 
vent the AGC amplifier from responding to frequency in- 
duced amplitude changes. 

The DP8464 has a READ/WRITE control pin which is used 
to minimize the effect on the AGC amplifier of a write-to- 
read transition. This allows a reduction in the size of the 
track gap on disk. This pin may be connected to the WRITE 
GATE output of the DP8466 disk data controller. 


10-32 



10-33 


DP8464 
















DP8466 



National 

Semiconductor 


DP8466 Disk Data Controller 


General Description 

The disk data controller (DDC) performs many of the func- 
tions in the data path electronics of either disk controllers 
or intelligent disk drives. It interfaces between serial data 
on the disk side and the memory/microprocessor bus on 
the system side. The primary function of the chip is to cor- 
rectly identify the selected sector on disk and then trans- 
fer the sector’s data to or from memory, utilizing a 32-byte 
(16-word) FIFO buffer with optional DMA control. The 
48-pin chip is fabricated using the M 2 CMOS™ process, 
which allows complex functions to be implemented with 
high operating speeds and modest power consumption. 
Internal gate delays of 2 ns allow the DDC to function with 
data rates over24 Mbits/sec, enabling it to be used with all 
sizes of Winchester and floppy disk drives. 

The disk side of the DDC interfaces directly with drives 
compatible with the ESDI, SMD or ANSI X3.101 interfaces. 
If the DDC is part of a controller that interfaces directly to 
the ST506 (floppy extension interface), then the DP8460 
data separator may be used and its signals will connect 
directly to the DDC. The DDC may be part of an intelligent 
disk drive that has SCSI (SASI) or IPI or ISI compatible 
interfaces. 


Disk Support 

PRELIMINARY 


Features 

■ Useable with Winchester, floppy, optical and vertically 
recorded drives 

■ Disk data rates up to 24 Mbits/sec 

■ Meets requirements of all standard disk drive 
interfaces 

■ User programmable format 

■ Compatible with all disk drive sizes, fixed or removable 

■ Compatible with hard and soft sectored drives 

■ Single or multiple sector operation 

■ Independent header and data operations 

■ Internal CRC or ECC, or external ECC, for header and 
data 

■ Internal ECC has programmable polynomial and 
correction span 

■ Configurable for disk formatting 

■ System side interfaces to memory and microprocessor 

■ Easily controlled by popular 8-bit or 16-bit 
microprocessors 

■ 8 or 16-bit wide memory transfers 

■ Internal data buffering with 32-byte FIFO 

■ Single channel 32-bit or dual channel 16-bit DMA 
controller 

■ Powerful data path diagnostics 

■ Low power consumption at lower data rates and 
standby 

■ Single +5V power supply 

■ Standard 48-pin DIP 


Block Diagram 

SYSTEM INTERFACE 
OR INTELLIGENT DRIVE 

FLOPPY EXTENSION SMD OR ANSI X3.101 INTERFACE 



TL/F/5282-1 


M^CMOS™ Is a trademark of National Semiconductor Corp. 
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The system side of the DDC may interface directly to the 
main system bus, or the local bus of a larger system. The 
DDC has a 16-bit I/O bus and associated microproc- 
essor/DMA handshake signals. The I/O bus is used both 
for disk data transfers to or from memory (user-selectable 
for 8 or 16 data bits) and for microprocessor access. The 
microprocessor may have a multiplexed or separate ad- 
dress and data bus. The DDC has two DMA channels avail- 
able for memory transfer operations. In a typical low-end 
system the DDC connects directly to the main system bus, 
and only one DMA channel is required to output memory 
addresses. The on-chip DMA issues the address on the I/O 
bus, followed by the data to be transferred between the 
DDC and memory. The DDC has variable burst transfer 
length capability that allows microprocessor usage of the 
bus during transfer operations. The DDC supports a sec- 
ond mode of DMA capability which is ideal for intelligent 
disk drives or higher-end systems that use a buffer mem- 
ory. One DMA channel controls disk-memory transfers, 
and the second controls memory-system transfers. 

To be compatible with the differing needs of these disk 
drives, the DDC has been configured so that the format 


and mode of operation are user programmable. The user 
selects the length and pattern of the preamble, address 
mark (if required), synch, postamble, and gap of both the 
ID and data segments of the sector. At system initializa- 
tion, the microprocessor loads these parameters into the 
parameter RAM of the DDC. For normal transactions such 
as reading from or writing to the disk, the desired ID bytes 
must first be loaded into the DDC, followed by the disk 
drive command. The DDC can also be configured to format 
disks. 

Extensive diagnostic and interrogation features are pro- 
vided on-chip. CRC or ECC calculations are performed on 
both the ID and data segments that pass through the DDC. 
The ECC code may be an internally generated 32-bit fully 
programmable ECC code or up to 15 bytes of externally 
generated ECC code. The DDC contains status and error 
registers that can be accessed by the microprocessor. 

Control functions not in the data path electronics have 
been omitted to allow for versatility in interfacing to dif- 
ferent drive requirements. The drive control signals may 
be provided by either a dedicated microcontroller or a 
microprocessor I/O port. 


DDC Connection Diagram ( 48 pins) 


DISK 

INTERFACE 


AMF/EARLY PRECOMP 

C3 

AME/LATE PRECOMP 

RD 

SECTOR PULSE 

WR 

INDEX PULSE 

AD8-15 

A24-31 

WRITE DATA 

ADO-7/ 

WRITE CLOCK 

A16-23 

WRITE GATE 

ADS 0 

NRZ READ DATA 

RRQ/ADS 1 
RACK 

READ CLOCK 

LRQ 

READ GATE 

LACK 
DMA CLOCK 

SERIAL DATA VALID 

INTERRUPT 

EXT ECC FIELD 

RS0-RS5 

EXT ECC ERROR 


RESET Vcc 

GND 


BUS 

INTERFACE 
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Frequency Synthesizers Selection Guide 


Product Type 

Frequency Bands 

PLL FREQUENCY SYNTHESIZERS 

DS8906 

AM/FM 

DS8907 

AM/FM 

DS8908 

AM/FM 

AN-335 Digital 
PLL Synthesis 



Power (mA) 



Tuning Resolution 


500 Hz/12.5 kHz 
10 kHz/25 kHz 
1 kHz, 9 kHz, 10 kHz, 20 kHz 


Product Type Divide Modulus 


HIGH FREQUENCY PRESCALERS 


Power (mA) 


Single (Fixed) Modulus Dividers 


DS8626 

— 40 

125 

120 MHz 

11-27 

DS8627 

-24 

7/10 

130/225 MHz 

11-30 

DS8628 

-20 

7/10 

130/225 MHz 

11-30 

DS8629 

-100 

135 

120 MHz 

11-27 

DS8621 

-64, -256 

32 

275 MHz, 1.2 GHz 

11-33 


Dual-Modulus Dividers 


DS8614 

-20/21 

7/10 

130/225 MHz 

11-23 

DS8615 

-32/33 

7/10 

130/225 MHz 

11-23 

DS8616 

- 40/41 

7/10 

130/225 MHz 

11-23 

DS8617 

- 64/65 

7/10 

130/225 MHz 

11-23 

DS8622 

-126/128, -252/256 

32 

550 MHz, 1.2 GHz 

11-36 
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Frequency Synthesis 


DS8906 AM/FM Digital Phase-Locked Loop Synthesizer 

General Description 


The DS8906 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 
120 MHz ECL/I^L dual modulus programmable divider, 
and a 20-bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL' operates 
at 4 MHz. A chain of dividers is used to generate a 
500 kHz clock signal for the external controller. Ad- 
ditional dividers generate a 12.5 kHz reference signal 
for FM and a 500 Hz reference signal for AM/SW. 
One of these reference signals is selected by the data 
from the controller for use by the phase comparator. 
Additional dividers are used to generate a 50 Hz timing 
signal used by the controller for "time-of-day". 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 22-bit data stream, the first 2 
bits address the device permitting other devices to share 
the same bus. Of the remaining 20-bit data word, 
the next 14-bits are used for the PLL divide code. The 
remaining 6 bits are connected via latches to output 
pins. These 6 bits can be used to drive radio functions 
such as gain, mute, FM, AM, LW and SW only. These 
outputs are open collector. Bit 18 is used internally 
to select the AM or FM local oscillator input and to 
select between the 500 Hz and 12.5 kHz reference. A 
high level at bit 18 indicates FM and a low level in- 
dicates AM. 

The PLL consists of a 14-bit programmable I^L div- 
ider, an ECL phase comparator, an ECL dual modulus 
(p/p + 1) prescaler, and a high speed charge pump. 
The programmable divider divides by (N+1), N being 
the number loaded into the shift register (bits 1—14 
after address). It is clocked by the AM input via an 
ECL 4 7/8 prescaler, or through a 4 63/64 prescaler 
from the FM input. The AM input will work at fre- 
quencies up to 8 MHz, while the FM input works up 
to 120 MHz. The AM band is tuned with a frequency 
resolution of 500 Hz and the FM band is tuned with 
a resolution' of 12.5 kHz. The buffered AM and FM 
inputs are self-biased and can be driven directly by the 
VCO thru a capacitor. The ECL phase comparator pro- 
duces very accurate resolution of the phase difference 
between the input signal and the reference oscillator. 


The high speed charge pump consists of a switchable 
constant current source (-0.3 mA) and a switchable 
constant current sink (40.3 mA). If the VCO frequency 
is low, the charge pump will source current, and sink 
current if the VCO frequency is high. 

A separate Vqcm pin (typically drawing 1.5 mA) powers 
the oscillator and reference chain to provide controller 
clocking frequencies when the balance of the PLL is 
powered down. 


Features 

■ Uses inexpensive 4 MHz reference crystal 

■ F|n capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

■ FM resolution of 12.5 kHz allows usage of 10.7 
MHz ceramic filter distribution. 

■ Serial data entry for simplified control. 

■ 50 Hz output for "time-of-day" reference with 
separate low power supply (Vccm)- 

■ 6-open collector buffered outputs for band switching 
and other radio functions. 

■ Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis. 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Order Number DS8906N 
See NS Package N20A 
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Absolute Maximum Ratings (Note d 


Supply Voltage 

(V CC l) 7V 

< V CCM> 7V 

Input Voltage 7V 

Output Voltage 7V 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 


Supply Voltage, Vqc 
V CC1 
V CCM 

Temperature, Ta 


MIN 

MAX 

UNITS 

4.75 

5.25 

V 

4.5 

6.0 

V 

0 

70 

°c 


PARAMETER 

V|H 

Logical "1" Input Voltage 

IlH 

Logical "1" Input Current 

V|L 

Logical "0" Input Voltage 


CONDITIONS 


MIN TYP 


2.1 


Logical "0" Input Current 


Logical "1" Output Current 
All Bit Outputs, 50 Hz Output 
500 kHz Output 


Logical "0" Output Voltage 
All Bit Outputs 


50 Hz Output, 500 kHz Output Iql = 250a<A 


V|N = Vcci 


Data, Clock, and ENABLE Inputs, V||\] = 0V 


Vqh = 5.25V 


Vqh = 2.4V, VcCM = 4.5V 


MAX UNITS 


V 


H A 


Icci Supply Current (Vcci ) 


'cCMfSTANDBY) V CCM Supply Current 


IquT Charge Pump Output Current 


'CCMfOPERATE) V C CM Supply Current 


All Bit Outputs High 


Vccm = 6.0V, All Other Pins Open 


1.2V < VouT < V CCM ~ 1.2V Pump Up 
Vccm^ 6.0V Pump Down 

TRI-STATE® 


v CC M = e.ov, v CC i = 5.25V, 

All Other Pins Open 


TRI-STATE® Is a registered trademark of National Semiconductor Corp. 

AC Electrical Characteristics v C c = 5v,T A = 25 0 c,t r <ions,tf<ions 


CONDITIONS 


AM and FM Inputs, 0°C < T A < 70°C 


AM and FM Inputs, 0°C < Ta < 70°C 


V 1 1 \] = 100 mV rms AM 

0°C<Ta<70°C FM 


120 MHz, V|N = 100 mV rms 


2 MHz, V | (sj = 100 mV rms 


V|N = 120 MHz 



PARAMETER 

V IN(MIN)(F) 

F | Minimum Signal Input 

V IN(MAX)(F) 

F||\| Maximum Signal Input 

F OPERATE 

Operating Frequency Range 
(Sine Wave Input) 

R|N (FM) 

AC Input Resistance, FM 

R|N (AM) 

AC Input Resistance, AM 

C|N 

Input Capacitance, FM and AM 

1 . 1EN1 

Minimum ENABLE High 
Pulse Width 


1EN0 

Minimum ENABLE Low 
Pulse Width 

1CLKEN0 

Minimum Time Before ENABLE 
Goes Low that CLOCK Must 
be Low 

tENOCLK 

Minimum Time After ENABLE 
Goes Low that CLOCK Must 
Remain Low 

tCLKENI 

Minimum Time Before ENABLE 
Goes High that Last Positive 
CLOCK Edge May Occur 

tENICLK 

Minimum Time After ENABLE ^ 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 


MIN TYP 


20 


1000 1500 


MAX UNITS 


100 mV (rms) 


mV (rms) 


8 MHz 

120 MHz 


n 
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AC Electrical Characteristics (continued) vcc = 5v,TA = 25 0 c,t r <ions,tf<ions 


PARAMETER 

tCLKH 

Minimum CLOCK High 
Pulse Width 

tCLKL 

Minimum CLOCK Low 


Pulse Width 

tDS 

Minimum DATA Setup Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 

tDH 

Minimum DATA Hold Time, 
Minimum Time After CLOCK 
that DATA Must Remain Valid 


CONDITIONS 



TYP 

MAX 

UNITS 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

400 

800 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8906. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Schematic Diagrams (DS8906 AM/FM PLL Typical Input/Output Schematics) 

V CC1 


7 DIODE RAIL 
FROM V(XM 


BIT OUTPUTS, 
'50 Hz OUTPUT 



CLOCK IN 
(HYSTERESIS) 



COLPITTS 

OSCILLATOR 



TO 4 DIODE 
RAIL 


TO 2 DIODE 
RAIL 
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Timing Diagrams 


ETOSTE 


ENABLE vs CLOCK 



CLOCK vs DATA 



AM/FM Frequency Synthesizer (Scan Mode) 


PLL ADDRESS 
1,1 


t ♦ ♦ * ♦ t ♦ ♦ I ♦ 

1 2 3 4 5 16 17 18 19 20 

OATA BITS 

BITS 1-14, N CODE (LSB FIRST) 

BITS 15-20, OUTPUT BITS 


NEGATI VE TRANSITION ON 
EATABLE CLEARS PREVIOUS 
ADDRESS, CLOCK MUST BE 
LOW OURING TRANSITION, 


POSITIVE TRANSITION ON 
ENABLE LATCHES IN NEW ' 
CODE IF PLL IS ADDRESSED. 


Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8906 

Serial information en try into t he DS8906 is enabled by 
a low level on the ENABLE input. One binary bit is 
then accepted from the DATA input with each positive 
transition of the CLOCK input. The CLOCK input 
must be low for the specified tim e precedin g and fol- 
lowing the negative transition of the ENABLE input. 

The first 2 bits accep ted following the negative tran- 
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, no further information 
will be accepted from the DATA inputs , and the internal 
data latches will not be changed when ENABLE returns 
high. 

If these first 2 bits are 1,1, then all succeeding bits are 
accepted as data, and are shif ted succe ssively into the 
internal shift register as long as ENABLE remains low. 

Any data bits preceding the 20th to last bit will be 
shifted out, and are thus irrelevant. Data bits are 
counted as any bits following 2 valid (1,1) address 
bits with the ENABLE low. 

When the ENABLE input returns high, any further 
serial data in put is inh ibited. Upon this positive tran- 
sition of the ENABLE, the data in the internal shift 
register is transferred into the internal data latches. 


Note that until this time, the states of the internal 
data latches have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 


Last 

Bit 20 Output (Pin 2) 

2nd to Last 

Bit 19 Output (Pin 1) 

3rd to Last 

Bit 18 Output (FM/AM) (Pin 20) 

4th to Last 

Bit 17 Output (Pin 19) 

5th to Last 

Bit 16 Output (Pin 18) 

6th to Last 

Bit 1 5 Output (Pin 17) 

7 th to Last 

MSB of N (2 13 )^ 

8th to Last 

(2 12 ) 

9th to Last 

(2H) 

10th to Last 

(2 10 ) 

1 1th to Last 

(2 9 ) 

12th to Last 

(2 8 ) 

1 3th to Last 

(2 7 ) 

14th to Last 

(2 8 ) r N 

1 5th to Last 

(2 5 ) 

16th to Last 

(2 4 ) 

17th to Last 

(2 3 ) 

1 8th to Last 

(2 2 ) 

19th to Last 

(2 1 ) 

20th to Last 

LSB of N (2°) „ 


Note. The actual divide code is N+1, i.e., the number loaded 
plus 1 . 
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Typical Application Additional application notes are located at the back of section 11. 

Electronically Tuned Radio Controller System; Direct Drive LED 



B+ TO RADIO 
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Logic Diagram 


AM/FM PLL Synthi 


CHARGE 

PUMP 

OUT 



* Sections operating from V^cm supply 
Address (1,1) 
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National 

JSjM Semiconductor 

DS8907AM/FM Digital 

Phase-Locked Loop Frequency Synthesizer 

General Description 


Frequency Synthesis 


The DS8907 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, a 120 
MHz ECL/I^L dual modulus programmable divider, 
and an 18-bit shift register/latch for serial data entry. 
The device is designed to operate with a serial data 
controller generating the necessary division codes 
for each frequency, and logic state information for 
radio function inputs/outputs. 

The Colpitts reference oscillator for the PLL operates 
at 4 MHz. A chain of dividers is used to generate 
a 500 kHz clock signal for the external controller. 
Additional dividers generate a 25 kHz reference signal 
for FM and a 10 kHz reference signal for AM. One 
of these reference signals is selected by the data from the 
controller for use by the phase comparator. 

Data is transferred between the frequency synthesizer 
and the controller via a 3 wire bus system. This consists 
of a data input line, an enable line, and a clock line. 
When the enable line is low, data can be shifted from 
the controller into the frequency synthesizer. When 
the enable line is transitioned from low to high, data 
entry is disabled and data present in the shift register 
is latched. 

From the controller 20-bit data stream, the first 2 
bits address the device permitting other devices to 
share the same bus. Of the remaining 18-bit data word, 
the next 13 bits are used for the PLL divide code. 
The remaining 5 bits are connected via latches to output 
pins. These 5 bits can be used to drive radio functions 
such as gain, mute, FM, AM and stereo only. These 
outputs are open collector. Bit 16 is used internally 
to select the AM or FM local oscillator input and to 
select between the 10 kHz and 25 kHz reference. A 
high level at bit 16 indicates FM and a low level in- 
dicates AM. 

The PLL consists of a 13-bit programmable I^L div- 
ider, an ECL phase comparator, an ECL dual modulus 
(p/p+1) prescaler, and a high speed charge pump. The 
programmable divider divides by (N+1), N being the 
number loaded into the shift register (bits 1 — 13 after 
address). It is clocked by the AM input via an ECL 
+ 7/8 prescaler, or through a ■+ 63/64 prescaler from 
the FM input. The AM input will work at frequencies 
up to 15 MHz, while the FM input works up to 120 
MHz. The AM band is tuned with a frequency resolution 
of 10 kHz and the FM band is tuned with a resolution 
of 25 kHz. The buffered AM and FM inputs are self 
biased and can be driven directly by the VCO through 
a capacitor. The ECL phase comparator produces very 
accurate resolution of the phase difference between the 
input signal and the reference oscillator. The high 
speed charge pump consists of a switchable constant 
TRI-STATE® Is a registered trademark of National Semiconductor Corp. 


current source (—0.3 mA) and a switchable constant 
current sink (+0.3 mA). If the VCO frequency is low, 
the charge pump will source current, and sink current if 
the VCO frequency is high. When using an AFC the 
charge pump output may be forced into TRI-STATE® 
by applying a low level to the charge pump enable input. 

A separate VcCM P' 11 (typically drawing 1.5 mA) 
powers the oscillator and reference chain to provide 
controller clocking frequencies when the balance of 
the PLL is powered down. 

Features 

■ Uses inexpensive 4 MHz reference crystal 

■ Fin capability greater than 120 MHz allows direct 
synthesis at FM frequencies 

■ FM resolution of 25 kHz allows usage of 10.7 MHz 
ceramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for "time-of-day" reference driven 
from separate low power Vqcm 

■ 5-open collector buffered outputs for controlling 
various radio functions 

■ Separate AM and FM inputs. AM input has 15 mV 
(typical) hysteresis 

Connection Diagram 


Dual-In-Line Package 



TOP VIEW 

Order Number DS8907N 
See NS Package N20A 
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Absolute Maximum Ratings (Note 1) 


Supply Voltage 

(V C ci) 7V 

< V CCM> 7V 

Input Voltage 7V 

Output Voltage 7V 

Storage Temperature Range -65° C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 

DC Electrical Characteristics (Notes 2 and 3) 


Operating Conditions 

MIN 

Supply Voltage, Vqq 

V CC 1 4.75 

V CCM 4.5 

Temperature, T/y 0 


PARAMETER 

V|H 

Logical "1" Input Voltage 

IlH 

Logical "1” Input Current 

V|L 

Logical "0" Input Voltage 


CONDITIONS 



Logical "0" Input Current 


l|L Logical “0" Input Current 


Iq l_l Logical "1" Output Current 

All Bit Outputs, 50 Hz Output 
500 kHz Output 


Vol Logical "0" Output Voltage 

All Bit Outputs 

50 Hz Output, 500 kHz Output 


ICCI Supply Current (Veci ) 


'CCMISTANDBY) V CCM Supply Current 


IquT Charge Pump Output Current 


'CCM(OPERATE) VcCM Supply Current 


Data, Clock, and ENABLE Inputs, V | [\| = 0V 


Charge Pump Enable, V|N = 0V 


Vqh = 5.25V 


V 0 H = 2.4V, VCCM = 4.5V 


Iql = 5 mA 


Iql = 250 pA 


All Bit Outputs High 


Vccm = 6.0V, All Other Pins Open 


1.2V < VouT < VcCM “ 1.2V Pump Up 
Vccm 5^6.0V Pump Down 


TRI-STATE® 


Vccm = e.ov, v cc1 = 5.25 v. 

All Other Pins Open 


AC Electrical Characteristics v C c = 5 v, t a = 25° c, t r < 10 ns, t f < 10 


PARAMETER 

V IN(MIN)(F) 

F|[\| Minimum Signal Input 

v 1 N (MAX) ( F ) 

F||\j Maximum Signal Input 

F OPERATE 

Operating Frequency Range 
(Sine Wave Input) 

bin < fm > 

AC Input Resistance, FM 

RlN (AM) 

AC Input Resistance, AM 

ClN 

Input Capacitance, FM and AM 

— 

tENI 

Minimum ENABLE High 
Pulse Width 

1EN0 

Minimum ENABLE Low 
Pulse Width 

1CLKEN0 

Minimum Time Before ENABLE 
Goes Low that CLOCK Must 
be Low 

tENOCLK 

Minimum Time After ENABLE 
Goes Low that CLOCK Must 
Remain Low 

tCLKENI 

Minimum Time Before ENABLE 
Goes High that Last Positive 
CLOCK Edge May Occur 


CONDITIONS 


AM and FM Inputs, 0°C < T A < 70° C 


AM and FM Inputs, 0°C < Ta < 7 0°C 


V | [\j = 100 mV rms 
0 °C<Ta<70°C 


120 MHz, V|N = 100 mV rms 


2 MHz, V|N = 100 mV rms 


V|N = 120 MHz 



AM 

0.4 


8 

MHz 

FM 

60 


120 

MHz 
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AC Electrical Characteristics (continued) vcc = 5v, ta = 25°c, t r <ions, tf<ions 


PARAMETER 

tENICLK 

Minimum Time After ENABLE 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 

tCLKH 

Minimum CLOCK High 
Pulse Width 

tCLKL 

Minimum CLOCK Low 
Pulse Width 

tDS 

Minimum DATA Setup Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 

tDH 

Minimum DATA Hold Time, 
Minimum Time After CLOCK 
that DATA Must Remain Valid 


CONDITIONS 



TYP 

MAX 

UNITS 

175 

350 

ns 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

400 

800 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40°C to +85° C temperature range for the DS8907. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


Schematic Diagrams (DS8907 AM/FM PLL Typical Input/Output Schematics) 

V CCM 


v cci v cci 


20k 

(CHARGE PUMP 
ENABLE ONLY) 


DATA IN, ENABLE, 
CHARGE PUMP ENABLE 





BIT OUTPUTS, 
50 Hz OUTPUT 



CLOCK IN 
(HYSTERESIS) 


CHARGE 

PUMPOUT 



V CC1 V CC1 


COLPITTS 

OSCILLATOR 



TO 4 DIODE 
RAIL 


TO 2 DIODE 
RAIL 


7 0I00E RAIL 
FROM Vgcm 


iifjjp 
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Timing Diagrams* 


ENABLE vs CLOCK 

-tffto — 


ENABLE JM.SV 


^‘CLKLH-^LKHH tcLKCHl-H — H— tffllCLK 


CLOCK vs DATA 



AM/FM Frequency Synthesizer (Scan Mode) 


♦ ♦ ♦ ! 1 

1 2 3 4 5 


PLL ADDRESS 
1,1 


* * ♦ 4 * 

14 15 IE 17 18 


DATA BITS 

BITS 1-13, -7 N CODE (LSB FIRST) 
BITS 14-18, OUTPUT BITS 


NEGATI VE TRANSITION ON 
ENABLt CLEARS PREVIOUS 
ADDRESS. CLOCK MUST BE 
LOW DURING TRANSITION. 


POSITIV E TRANSITION DN 

Enable latches in new 

CODE IF PLL IS ADDRESSED. 


Timing diagrams are not drawn to scale. Scale within any one drawing may not be consistent, and intervals are defined positive as drawn. 


SERIAL DATA ENTRY INTO THE DS8907 

Serial information entry into the DS8907 is enabled 
by a low level on the ENABLE input. One binary 
bit is then accepted from the DATA input with each 
positive transition of the CLOCK input. The CLOCK 
input must be low for the specified time preceding 
and following the negative transition of the ENABLE 
input. 

The first two bits acce pted following the negative tran- 
sition of the ENABLE input are interpreted as address. 
If these address bits are not 1,1, no further information 
will be accepted from the DATA inputs, an d the inte rnal 
data latches will not be changed when ENABLE re- 
turns high. 

If these first two bits are 1,1, then all succeeding 
bits are accepted as data, and are shifted su ccessively 
into the internal shift register as long as ENABLE 
remains low. 

Any data bits preceding the 18th to last bit will be 
shifted out, and thus are irrelevent. Data bits are 
counted as any bits following two valid address bits 
(1,1) with the ENABLE low, When the ENABLE 
input returns high, any further serial data entry is 
inhibited. Upon this positive transition, the data in 


the internal shift register is transferred into the internal 
data latches. Note that until this time, the states of 
the internal data latches have remained unchanged. 

These data bits are interpreted as follows: 

DATA BIT POSITION DATA INTERPRETATION 
Last Bit 18 Output (Pin 2) 

2nd to Last Bit 17 Output (Pin 1) 

3rd to Last Bit 16 Output (FM/AM) (Pin 20) 

4th to Last Bit 15 Output (Pin 19) 

5th to Last Bit 14 Output (Pin 18) 


6th to Last 

MSB of vN (2 12 ) 

7th to Last 

(2 11 ) 

8th to Last 

(2 10) 

9th to Last 

(2 9 ) 

10th to Last 

(2 s ) 

1 1th to Last 

(2 7 ) 

1 2th to Last 

(2 6 ) 

13th to Last 

(2 5 ) 

14th to Last 

(2 4 ) 

1 5th to Last 

(2 3 ) 

1 6th to Last 

(2 2 ) 

17th to Last 

(2 1 ) 

18th to Last 

LSB of -FN (2°) 


Note. The actual divide code is N+1, 
plus 1 . 


the number loaded 
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Typical Application Additional application notes are located at the back of section 11. 

Electronically Tuned Radio Controller System; Direct Drive LED 



B+ TO RADIO 
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DS8908 


National 
Semiconductor 

DS8908 AM/FM Digital Phase- 
Frequency Synthesizer 



Frequency Synthesis 
Locked Loop 


General Description 

The DS8908 is a PLL synthesizer designed specifically 
for use in AM/FM radios. It contains the reference 
oscillator, a phase comparator, a charge pump, an opera- 
tional amplifier, a 120 MHz ECL/I 2 L dual modulus pro- 
grammable divider, and a 19-bit shift register/latch for 
serial data entry. The device is designed to operate with a 
serial data controller generating the necessary division 
codes for each frequency, and logic state information for 
radio function inputs/outputs. 

A 3.96 MHz pierce oscillator and divider chain generate a 
1.98 MHz external controller clock, a 20 kHz, 10 kHz, 9 kHz, 
and 1 kHz reference signals, and a 50 Hz time-of-day sig- 
nal. The oscillator and divider chain are sourced by the 
V C cm P' n thus providing a low power controller clock drive 
and time-of-day indication when the balance of the PLL is 
powered down. 

The 21-bit serial data stream is transferred between the 
frequency synthesizer and the controller via a 3-wire bus 
system comprised of a data line, a clock line, and an 
enable line. 

The first 2 bits in the serial data stream address the syn- 
thesizer thus permitting other devices such as display 
drivers to share the same bus. The next 14 bits are used for 
the PLL (N + 1) divide code. The 15th bit is used internally 
to select the AM or FM local oscillator input. A high level 
on this bit enables the FM input and a low level enables the 
AM input. The 16th and 17th bits are used to select one of 
the 4 reference frequencies. The 18th and 19th bits are con- 
nected via latches to open collector outputs. These out- 
puts can be used to drive radio functions such as gain, 
mute, AM, FM, or charge pump current source levels. 

The PLL consists of a 14-bit programmable l 2 L divider, an 
ECL phase comparator, an ECL dual modulus (p/p + 1) pre- 
scaler, a high speed charge pump, and an operational am- 
plifier. The programmable divider divides by (N + 1), N be- 
ing the number loaded into the shift register. The program- 
mable divider is clocked through a + 7/8 prescaler by the 
AM input or through a +63/64 prescaler by the FM input. 
The AM input will work at frequencies up to 15 MHz, while 
the FM input works up to 120 MHz. The VCO can be tuned 
with a frequency resolution of either 1 kHz, 9 kHz, 10 kHz, 
or 20 kHz.The buffered AM and FM inputs are self-biased 
and can be driven directly by the VCO through a capacitor. 
The ECL phase comparator produces very accurate reso- 
lution of the phase difference between the input signal 
and the reference oscillator. The high speed charge pump 
consists of a switchable constant current source and 
sink. The charge pump can be programmed to deliver from 
75 nA to 750 fiA of constant current by connection of an ex- 
ternal resistor from pin Rprogram to ground or the open 
collector bit outputs. Connection of programming resis- 
tors to the bit outputs enables the controller to adjust the 


loop gain for the particular reference frequency selected. 
The charge pump will source current if the VCO frequency 
is high and sink current if the VCO frequency is low. The 
low noise operational amplifier provided has a high im- 
pedance JFET input and a large output voltage range. The 
op amp's negative input is common with the charge pump 
output and its positive input is internally biased. 

Features 

■ Uses inexpensive 3.96 MHz reference crystal 

■ F| N capability greater than 120 MHz allows direct syn- 
thesis at FM frequencies 

■ FM resolution of either 10 kHz or 20 kHz allows usage of 
10.7 MHz ceramic filter distribution 

■ Serial data entry for simplified control 

■ 50 Hz output for time-of-day reference driven from 
separate low power V CCM 

■ 2 open collector buffered outputs for controlling various 
radio functions or loop gain 

■ Separate AM and FM inputs; AM input has 15 mV (typical) 
hysteresis 

■ Programmable charge pump current sources enable ad- 
justment of system loop gain 

■ Operational amplifier provides high impedance load to 
charge pump output and a wide voltage range for the VCO 
input 

Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Order Number DS8908N 
See NS Package N20A 
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Absolute Maximum Ratings (Note i) 


Operating Conditions 


Supply Voltage 

(Vcci)(Vccm) 7V 

(Vcc 2 ) 17V 

Input Voltage 7V 

Output Voltage 7V 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 



Min 

Max 

Units 

V CC1 

4.5 

5.5 

V 

V CC2 

Vcci + 1-5 

15.0 

V 

V CCM 

3.5 

5.5 

V 

Temperature, T A 

-40 

+ 85 

°c 


DC Electrical Characteristics (Notes 2 and 3) 


Parameter 


Logical “1” Input Voltage 


Logical “1” Input Current 


Logical “0” Input Voltage 


Logical “0” Input Current 


Logical “1” Output Current 
All Bit Outputs, 50 Hz Output 
1.98 MHz Output 


Logical “0" Output Voltage 
All Bit Outputs 


50 Hz Output, 1.98 MHz Output | l OL = 250^A 


Conditions 


Max Units 


V 


1.98 MHz Output 


Supply Current (V CC1 ) 


v ccm Supply Current 


Charge Pump Output Current 


cc 2 V CC 2 Supply Current 


OP VOH Op Amp Minimum High Level 


OPvol °P Am P Maximum Low Level 


CPO BIAS Charge Pump Bias Voltage 
Delta 




Parameter 


x/ F| N Minimum Signal Input 


F| N Maximum Signal Input 


^operate Operating Frequency Range 
(Sine Wave Input) 


Rim (FM) AC Input Resistance, FM 


R,n (AM) AC Input Resistance, AM 


C| N Input Capacitance, FM and AM 


l EN1 


Minimum ENABLE High 
Pulse Width 


TRI-STATE® Is a registered trademark of National Semiconductor Corp 



Iql =2 20 fiAy T a > 70°C 
Iql = 20 fiA, T a -T 70°C 


All Bit Outputs High 


v ccm = 5.5V, All Other Pins Open 


3.33k sR prog s 33.3k Pump Up 

Iout Measured Between Pump Down 

Pin 17 and Pin 18 
, prog = v cci / 2 Rprog 


Vccm = 5V, V CC i = 5.5V, V CC2 = 15V 
All Other Pins Open 


Vcci = 4.5V,I 0 h= - 750 ^A 


Vcci = 5 -5V, Iql = 750 /tA 


CPO Shorted to Op Amp Output 

CPO = TRI-STATE 

Op Amp l 0L : 750 nA vs - 750 jtA 


AC Electrical Characteristics v GC = 5v, t a = 25°c, t r < 10 ns, t f < 10 ns 


Conditions 


AM and FM Inputs, -40°C, <T A <85°C 


V )N = 100mVrms 
-40°C<T A <85°C 


120 MHz, V| N = 100 mV rms 


15 MHz, V| N = 100 mV rms 


V, N = 120 MHz (FM), 15 MHz (AM) 


-40°C<T a <85°C 

1000 

AM 

0.5 

FM 

80 
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DS8908 


AC Electrical Characteristics (continued) v cc =5v,T A =25°c,t r <ions,t f <ions 


Parameter 

^ENO 

Minimum ENABLE Low 
Pulse Width 

l CLKEN0 

Minimum Time Before ENABLE 
Goes Low that CLOCK Must 
be Low 

tENOCLK 

Minimum Time After ENABLE 
Goes Low that CLOCK Must 
Remain Low 

l CLKEN1 

. Minimum Time Before ENABLE 
Goes High that Last Positive 
CLOCK Edge May Occur 

^ENICLK 

Minimum Time After ENABLE 
Goes High Before an Unused 
Positive CLOCK Edge May Occur 

tcLKH 

Minimum CLOCK High 
Pulse Width 

tCLKL 

Minimum CLOCK Low 
Pulse Width 

tos 

Minimum DATA Set-Up Time, 
Minimum Time Before CLOCK 
that DATA Must be Valid 

tpH 

Minimum DATA Hold Time, 
Minimum Time After CLOCK 
that DATA Must Remain Valid 


Conditions 


IBM 



Typ 

Max 

Units 

375 

750 

ns 

-50 

0 

ns 

275 

550 

ns 

300 

600 

ns 

175 

350 

ns 

275 

550 

ns 

400 

800 

ns 

150 

300 

ns 

400 

800 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -40“C to +85'C temperature range for the DS8908. 

Note 3: All currents into device pins, shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Schematic Diacjrams (DS8908 AM/FM PLL Typical Input/Output Schematics) 


V 



BIT OUTPUTS 
OH 

50 Hz OUTPUT 
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DS8908 


Timing Diagrams* 




Serial Data Entry into the DS8908 

Serial informati on entry into the DS8908 is enabled by a 
low level on the ENABLE input. One binary bit is then ac- 
cepted from the DATA input with each positive transition 
of the CLOCK input. The CLOCK input must be low for the 
specified ti me preced ing and following the negative tran- 
sition of the ENABLE input. 

The first tw o bits ac cepted following the negative transi- 
tion of the ENABLE input are interpreted as address. If 
these address bits are not 1,1, no further information will 
be accepted from the DATA input s, and the internal data 
latches will not be changed when ENABLE returns high. 

If these first two bits are 1,1, then ail succeeding bits are 
accepted as data, and are shift ed succe ssively into the in- 
ternal shift register as long as ENABLE remains low. 

Any data bits preceding the 19th to last bit will be shifted 
out, and thus are irrelevant. Data bits are count ed as any 
bits following t wo valid a ddress bits (1,1) with the ENABLE 
low. When the ENABLE input returns high, any further 
serial data entry is inhibited. Upon this positive transition, 
the data in the internal shift register is transferred into the 
internal data latches. Note that until this time, the states 
of the internal data latches have remained unchanged. 


These data bits are interpreted as follows: 


Data Bit Position 

Data Interpretation 

Last 

Bit 19 Output (Pin 2) 

2nd to Last 

Bit 18 Output (Pin 1) 

3rd to Last 

Ref. Freq. Select Bit^> 17 

4th to Last 

Ref. Freq. Select Bit (1) 16 

5th to Last 

AM/FM Select Bit 15 

6th to Last 

(2 13 ) " 

7th to Last 

(2 12 ) 

8th to Last 

(2 11 ) 

9th to Last 

(2 10 ) 

10th to Last 

(2 9 ) 

11th to Last 

(2 8 ) 

12th to Last 

(2 7 ) 

13th to Last 

(2 6 ) ‘ ' 

14th to Last 

(2 5 ) 

15th to Last 

(2 4 ) 

16th to Last 

(2 3 ) 

17th to Last 

(2 2 ) 

18th to Last 

(2 1 ) 

19th to Last 

LSBof +N (2°) 

y 


Note 1: See Reference Frequency Select Truth Table. 

Note 2: The actual divide code Is N + 1, ie., the number loaded plus 1. 
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Truth Table 


REFERENCE FREQUENCY SELECTION TRUTH TABLE 


Serial Data 

Reference 

Frequency 

Bit 16 Bit 17 

(kHz) 

1 1 

20 

• 1 0 

10 

0 1 

9 

0 0 

1 


Typical Application Additional application notes are located at the back of section 11. 

Electronically Tuned Radio Controller System; Direct Drive LED 



SWITCHED B+ 
TO RADIO 
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53 


National 

Semiconductor 


Frequency Synthesis 


DS8614, DS8615, DS8616, DS8617 130/225 MHz Low Power 
Dual Modulus Prescalers 


General Description 


The DS8614 series products are low power dual modulus 
prescalers which divide by 20/21, 32/33, 40/41, and 64/65, 
respectively. The modulus control (MC) input selects divi- 
sion by N when at a high TTL level and division by N + 1 
when at a low TTL level. The clock inputs are buffered, pro- 
viding 40 mVrms input sensitivity. The two outputs provide 
the user the option to wire either a totem-pole or open- 
collector output structure. Additionally, the user can wire 
a resistor between the two output pins to minimize edge 
transition emissions. The outputs are designed to drive 
positive edge triggered PLLs. These products can be oper- 
ated from either an unregulated 6.8V to 13.5V source or 
regulated 5V±10% source. Unregulated operation is ob- 
tained by connecting V s to the source with V REG open. 
Regulated operation is obtained by connecting both V s 
and V REG to the supply source. 


The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 
separately or in conjunction with a phase-locked loop, and 
it can extend the useful range of many inexpensive fre- 
quency counters to 225 MHz. 

Features 

■ Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

■ Low power: 10 mA (-4, -2); 7 mA (-3, std) 

■. Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 

■ Pin compatible with Motorola MC12015-17 prescalers 

■ Unregulated/regulated power supply option 


Logic Diagram 


Generalized + N/N + 1 



Connection Diagram 


Dual-In-Line Package 



Vbeg Order Number DS8614N, DS8615N, 
DS8616N or DS8617N (-4, -3, -2) 
-input See NS Package N08E 
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DS8614, DS8615, DS8616, DS8617 


Absolute Maximum Ratings (Note i) 

V s , Unregulated Supply Voltage 15V 

V REG , Regulated Supply Voltage 7V 

Modulus Control Input Voltage 7V 

Open-Collector Output Voltage 7V 

Operating Free AirTemperature Range - 30°Cto + 70°C 
StorageTemperature Range -65°Cto +150°C 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

OS8614-3 

DS8615-3 

DS8616-3 

DS8617-3 

DS8614-2 

0S8615-2 

DS8616-2 

DS8617-2 

DS8614 

DS8615 

DS8616 

DS8617 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

v s 

Unregulated Supply Voltage 

V REG = Open 

6.8 

13.5 

■a 

13.5 

Bi 

13.5 


13.5 

V 

V REG 

Regulated Supply Voltage 

V G and V REG Shorted 


5.5 

4.5 

5.5 

4.5 

5.5 

mm 


V 

•max 

Toggle Frequency 

V|n = 100 mVrms 

20 

130 

20 

130 


225 


225 

MHz 

V|N 

Input Signal Amplitude 


100 

300 

100 

300 

40 

300 

40 

300 

mVrms 

V SLW 

Slew Rate 


20 


20 


20 


20 


V//iS 

'OH 

High Level Output Current 



-400 


-400 


-400 


-400 


'OL 

Low Level Output Current 





2.0 


2.0 


2.0 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

DS8614-4 

DS8615-4 

DS8616-4 

DS8617-4 

DS8614-3 

DS8615-3 

DS8616-3 

DS8617-3 

DS8614-2 

DS8615-2 

DS8616-2 

DS8617-2 

DS8614 

DS8615 

DS8616 

DS8617 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

V|H 

High Level MC Input 
Voltage 

Vs = 13.5V, V REG = Open 

2.0 




2.0 


2.0 



V(L 

Low Level MC Input 
Voltage 

VREG = Vs = 4.5V 


0.8 


H 


m 


0.8 

H 

v OH 

High Level Output 
Voltage 

IOH= -0.4 mA, 

Pins 2 and 3 Shorted 

VREG-2 


VREG-2 


VREG-2 


VREG-2 


H 

'CEX 

Open-Collector High 
Level Output 

Lower Output = 5.5V 


100 


100 


100 


100 

f*A 

Vql 

Low Level Output 
Voltage 

VREG = 4.5V, Iql= 2 mA 


H 

■ 




■1 


V 

m 

Max MC Input Current 

V S = 13.5V, V REG = Open, 
V| H = 7V 


100 


100 


100 


100 


'IH 

High Level MC Input 
Current 

Vreq= 4.5V, V| H = 2.7V 


20 


20 


20 


20 

,iA 

'IL 

Low Level MC Input 
Current 

V S = 13.5V, V REG = Open, 
V| L = 0.4V 


-200 


-100 

1 

-200 


-100 

t*A 

's 

Supply Current, 
Unregulated Mode 

Vs = 13.5V, V REG = Open 


10 


■ 

1 

10 


7 

mA 

|reg 

Supply Current, 
Regulated Mode 

Vs = VreG = 5 - 5V 


10 




10 


7 

mA 
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AC Electrical Characteristics v cc = 5 v ±10 % ,t a = -scrctoTO'c 


Symbol 



Parameter 


Modulus Set-Up Time DS8614 
(Notes 4 and 5) DS8615, DS8616 


AC Input Resistance 


Input Capacitance 


Conditions 



V| N = 100 MHz and 50 mVrms 


V| N = 100 MHz and 50 mVrms 



Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to Imply that the devices should beoperated at these limits. The table of "Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 30'C to + 70‘C temperature range. 

Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: t MODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescaler output to ensure proper 
modulus selection. 


Note 5: See Timing Diagrams. 

Timing Diagram 


OUTPUT 

WAVEFORM 


MODULUS CONTROL 
INPUT WAVEFORM 



The logic state of the modulus control input just prior to the output’s rising edge will determine the modulus ratio of the device imme- 
diately following that rising edge. The pulse width difference of N and N + 1 operation occurs during the output = HI condition. 


Typical Applications 


. 1: 


p o.ooi /if o.ooi iif 

Is IF 


*1. X 


p 0.001 m F 2 ±- o ooi aF 

fe |5 


MC four 


Schematic Diagrams 


MC (out 
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DS8614, DS8615, DS8616, DS8617 































DS8614, DS8615, DS8616, DS8617 


Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 input capacitor (Cl) is 

usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it 
may be desirable to connect a 100 kfi resistor between one 
input and ground to stabilize the device. In the single- 
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kfi pull- 
down resistor causes a loss of input sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 
conditions. In addition, in the single ended mode, a capac- 
itor of 0.001 /tF (C2) should be connected between the 


unused input and the ground plane to provide a good high 
frequency bypass. The capacitor should be made larger 
for lower frequencies. . 

The input waveform may be sinusoidal, but below about 
20 M Hz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20V/^s will per- 
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor is provided. 

For regulated mode operation connect V s to V REG to en- 
sure proper operation (see Typical Application diagram). 
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HP1 National Frequency Synthesis 

mjA Semiconductor 

DS8626 120 MHz Divide-by-40 Prescaler 
DS8629 120 MHz Divide-by-100 Prescaler 

General Description Features 

The DS8626 and DS8629 are fixed ratio counters ■ High frequency, dc— 120 MHz-small input amplitude 


General Description 

The DS8626 and DS8629 are fixed ratio counters 
combining ECL and Low Power Schottky technology on 
a single monolithic substrate. Both provide high fre- 
quency capability and TTL compatibility. A single 
5.2V ±10% supply is needed. 

The device can be operated in a single-ended or differen- 
tial input mode, with the signal source typically capa- 
citively coupled to the input. An input amplifier is 
included to allow use of extremely small amplitude, 
high frequency signals. The output of the device is a 
square wave of frequency foUT = f||\|/100 for the 
DS8629 and foUT = f||\|/40 for the DS8626. The output 
is standard Low Power Schottky. 


Logic and Connection Diagrams 


■ Sine wave input 30 MHz < f|[^j < 120 MHz 

■ TTL compatible output 

■ May be used with TTL input 

■ Single supply operation 5.2V ±10% 

■ Single ended or differential input modes 

■ Positive or negative-edge triggered 

■ Count down sequence avoids broadcast FM IF 
harmonics 



N = 2 DS8626 
N = 5 DS8629 


Dual-ln-Line Package 


CN0 1 4 

(ECL/BUFFER) 



V CC1 (ECL/BUFFER) 


INPUT 

(NEGATIVEEDGETRIGGERED) 


INPUT 

(POSITIVE EDGE TRIGGERED) 


TOP VIEW 

Order Number DS8626N or DS8629N 
See NS Package N08A 


Typical Applications 

High Frequency— Single-Ended Input 



TTL Input -dc < f|fj < f|y|AX 

4.75 < V cc < 5.25V 


DS8629 2 

5 3 4 


TERM ' s the termination impedance 
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DS8626, DS8629 


Absolute Maximum Ratings (Note 1 ) 


Supply Voltage 7V 

Input Voltage 5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


Electrical Characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N1(p-p) 

Input Voltage (Peak-To- 

Single-Ended @120 MHz 

200 


1000 

mV 


Peak) 







Q. 

a. 

CM 

z 

> 

Input Voltage (Peak-To- 

Differential @120 MHz 

100 


1000 

mV 


Peak) 







fSINE 

Input Frequency with 

V|N = 600 mVp-p 

30 


120 

MHz 


Sine Wave 







fTTL 

Input Frequency with TTL 
Input 


0 


120 

MHz 

dv 

Minimum Slew Rate of 

V|[\] = 600 mVp-p 



100 

V//js ' 


Square Wave Input 







VOH 

Logical "1" Output Voltage 

Vcc = Min, Iqh = _ 10pA 

2.9 



V 



Vcc = Min, Iqh = "400 pA 

2.4 



V 



Vcc = Min, Iqh = _1 6 mA 

2.0 



V 

'OS 

Output Short-Circuit 
Current 

Vcc ~ Max 

-10 


-40 

mA 

VOL 

Logical "0" Output 

Vcc = Min 

IOL = 8mADS8629 



0.5 

V 


Voltage 


lOL = 1 mA DS8626 



0.4 

V 

'cc 

Supply Current 

Vcc = Max 

DS8629 


90 

135 

mA 




DS8626 


80 

125 

mA 

Z|N 

Input Impedance 

V|N = 0.1 Vp.p to 1 Vp.p 
Freq. = 120 MHz 

100 

200 

350 

£2 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to 70°C range for the DS8629 and DS8626. All typical values are for 

T/\ = 25°C and Vqq = 5.2V. 

Note 3: All currents into device pins shown as positive, out of device pins negative, all voltage referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Operating Conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

4.68 

5.72 

V 

Temperature (T/\) 

0 

+70 

°C 
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Application Hints 


OPERATING NOTES 


Two ground and two Vcc connections are provided 
separating the ECL and buffer/amplifier stages from the 
TTL section, isolating the noise transients inherent in 
the TTL structure. In most cases, shorting the two 
grounds externally to a good ground plane and the 
Vcc's to a wide Vcc bus will provide sufficient isola- 
tion. All components used in the circuit layout should 
be suitable for the frequencies involved and leads should 
be kept short to minimize stray inductance. A well 
by-passed. voltage source should be used. 

The signal source is usually capacitively coupled to the 
input.' At higher frequencies a 0.01 input capacitor 
(Cl) is usually sufficient, with larger values used at the 
lower frequencies. If the input signal is likely to be 
interrupted, it may be desirable to connect a 100 kQ 
resistor between one input and ground to stabilize the 
device. In the single-ended mode, it is preferable to 
connect the resistor to the unused input. In the differen- 
tial mode, the resistor can be connected to either input. 
The addition of the 100 kfi pull-down resistor causes a 
loss of input sensitivity, but prevents circuit oscillations 
under no signal (open circuit) conditions. In addition, 
in the single ended mode, a capacitor of 0.01 (C2) 


should be connected between the unused input and 
the ground plane to provide a good high frequency 
bypass. The capacitor should be made larger for lower 
frequencies. 

The input waveform may be sinusoidal, but below about 
30 MHz the operation of the circuit becomes dependent 
on the slew rate of the input rather than amplitude. 
A square wave input with a slew rate of greater than 
100 V/|Us will permit correct operation down to lower 
frequencies, provided the proper input coupling capaci- 
tor is provided. If it is desired to use a TTL input signal 
source, the unused input should have a 10 k£2 resistor 
added to ground and the input coupling capacitor should 
be eliminated with the TTL source dc coupled to the 
input. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to 
prescale the input frequency down to a more usable 
level. A digital frequency display system can also be 
derived separately or in conjunction with a phase-locked 
loop, and it can extend the useful range of many inex- 
pensive frequency counters to 160 MHz (typically). 


Input Configuration 


Output Configuration 


PIN 7 I 
INPUT I 


i PIN 6 

i INPUT (POSITIVE-EDGE TRIGGERED) 
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DS8627, DS8628 


National 

Semiconductor 


Frequency Synthesis 


DS8627, DS8628 130/225 MHz Low Power Prescalers 


General Description 


The DS8627 and DS8628 are low power fixed ratio pre- 
scalers which divide by 24 and 20, respectively. The inputs 
can be driven either single or double-ended and they are 
buffered, providing 40/100 mVrms input sensitivity. The 
output provided is open-collector and is capable of inter- 
facing with TTL and CMOS. 

The device can be used in phase-locked loop applications 
such as FM radio or other communications bands to pre- 
scale the input frequency down to a more usable level. A 
digital frequency display system can also be derived 


separately or in conjunction with a phase-locked loop, and 
it can extend the useful range of many inexpensive fre- 
quency counters to 225 MHz. 


Features 

■ Input frequency: 130 MHz (-4, -3); 225 MHz (-2, std) 

■ Low power: 10 mA (-4, -2); 7 mA (-3, std) 

■ Input sensitivity: 100 mVrms (-4, -3); 40 mVrms (-2, std) 



TOP VIEW 

Order Number DS8627N or DS8628N (-4, -3, -2) 
See NS Package N08E 
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Absolute Maximum Ratings (Note i) 

V cc Supply Voltage 7 V 

V tN Input Voltage <Vcc 

Open-Collector Output Voltage 7V 

Operating Free AirTemperature Range -30°Cto +70°C 
! Storage Temperature Range -65°Cto + 150°C 


Recommended Operating Conditions 


Symbol 

Parameter 

Conditions 

DS8627-4 

DS8628-4 

DS8627-3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


v cc 

Supply Voltage 



5.5 

K9 

5.5 

HIM 

5.5 


5.5 

V 

*MAX 

Toggle Frequency 

V| N = 100 mVrms 

20 

130 

20 

130 

20 

225 

20 

225 

MHz 

V,N 

Input Signal Amplitude 


100 

300 

100 

300 

40 

300 

40 

300 

mVrms 

V SLW 

Slew Rate 


20 


20 


20 


20 


V/m s 

*OL 

Low Level Output Current 



3 


3 




3 

mA 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

DS8627-4 

DS8628-4 

DS8627-3 

DS8628-3 

DS8627-2 

DS8628-2 

DS8627 

DS8628 

Units 




Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


■CEX 

Open-Collector High Level Output 

Output = 5.5V 


100 


100 


100 


100 

mA 

V 0L 

Low Level Output Voltage 

Vcc = 4.5V, 
Iql = 3 mA 


0.4 


0.4 


0.4 


0.4 

V 

*00 

Supply Current 

V cc = 5.5V 


10 


7 


10 


7 

mA 


AC Electrical Characteristics v cc = sv ± io%, t a = - 3o°c to 7o°c 


Symbol 

Parameter 

Conditions 

Min 

Max 



AC Input Resistance 


1.0 


kfi 

BiMfi 

Input Capacitance 

3 

10 

PF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the -30'Cto + 70’C temperature range. 

Note 3: All currents Into device pins are shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 

shown as max or min on absolute value basis. 
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DS8627, DS8628 


Application Hints 

OPERATING NOTES 

The signal source is usually capacitively coupled to the in- 
put. At higher frequencies a 0.001 /iF input capacitor is 
usually sufficient, with larger values used at the lower fre- 
quencies. If the input signal is likely to be interrupted, it 
may be desirable to connect a 100 kn resistor between one 
input and ground to stabilize the device. In the single- 
ended mode, it is preferable to connect the resistor to the 
unused input. In the differential mode, the resistor can be 
connected to either input. The addition of the 100 kO pull- 
down resistor causes a loss of input sensitivity, but 
prevents circuit oscillations under no signal (open circuit) 


conditions. In addition, in the single ended mode, a capac- 
itor of 0.001 nF should be connected between the unused 
input and the ground plane to provide a good high fre- 
quency bypass. The capacitor should be made larger for 
lower frequencies. ■ i. 

The input waveform may be sinusoidal, but below about 
20 MHz the operation of the circuit becomes dependent on 
the slew rate of the input rather than amplitude. A square 
wave input with a slew rate of greater than 20V/jis will per- 
mit correct operation down to lower frequencies, provided 
the proper input coupling capacitor is provided. 


Schematic Diagrams 



Typical Application 
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National 

Semiconductor 


Frequency Synthesis 

PRELIMINARY 


DS8621 275 MHz/1.2 GHz VHF/UHF Prescaler 


General Description 

The DS8621 is a low power, high speed prescaler intended for 
use in frequency synthesized television tuners. The device 
performs division by 64 from the VHF input and division by 
256 from the UHF input. The VHF and UHF inputs are buf- 
fered providing 50 mVrms sensitivity at frequencies in excess 
of 275 MHz and 1.2 GHz respectively. (The VHF and UHF input 
signals can be applied either single or double-ended.) The 
TTL compatible bandswitch (BSW) input selects the VHF in- 
puts when at a low level and the UHF inputs when at a high 
level. The outputs are complementary ECL structures which 
have controlled edge-transition rates to minimize spurious 
harmonic emissions. The device operates from a 5V ± 10% 
supply source. V CC2 and GND 2 power the VHF and UHF i nput 
stages while Vcci and GND 1 power the remainder of the cir- 
cuit, thus limiting internal feedback. 


Features 

■ Broadband operation 

■ High sensitivity 

■ Separate VHF and UHF inputs 

■ Low power 

■ Pin compatible with RCA (CA3179) and Motorola 
(MC12071) 


Logic Diagram 


Vccz 


Vcci 


UHF 

INPUTS 


VHF 

INPUTS 


r r __ 



GND2 


GNDi 


OUTPUTS 


Connection Diagram 

Dual-ln-Line Package 



Logic Truth Table 


BSW 

Input 

Mode 

Modulus 

0 

1 

VHF 

UHF 

64 

256 


Order Number DS8621N 
See NS Package N14A 



TOP VIEW 
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DS8621 


Absolute Maximum Ratings (Note i) 

V C ci, Supply Voltage 7V 

v cc 2 . Supply Voltage 7 V 

InputVoltage 7V 

Operating Free AirTemperature Range -30°Cto +70°C 
Storage Temperature Range - 65°C to + 150°C 


Recommended Operating Conditions 


Symbol 


Supply Voltages 
v cci 

V CC2 


Toggle Frequency 
VHF 
UHF 


Input Signal 
Sensitivity 
VHF 
UHF 


Input Slew Rate 
VHF 
UHF 


High Level 
Output Current 


Low Level 
Output Current 


Conditions 


Vim = 100 mVrms 


80 MHz-275 MHz 
80 MHz-450 MHz 
450 MHz-1200 MHz 



-300 

A 

300 

**A 



DC Electrical Characteristics (Notes 2 and 3) 



Parameter 

Conditions 

High Level BSW Input Voltage 

V C c=5.5V 

Low Level BSW Input Voltage 

V CC = 4.5V 

Max High Level BSW Input 
Current 

Vcc = 4fV 
V,h = 7V 

High Level BSW Input Current 

V CC = 4.5V 
V| H = 2.7V 

Low Level BSW Input Current 

V cc = 5.5V 
V| L = 0.4V 

Output Voltage Range 

Refer to Output Load Diagram 

Supply Current 

V cc = 5.5V 



Max 

Units 


V 

0.8 

V 

100 

liA 

20 

a A 

-100 

mA 

1.6 

Vp-p 

32.0 

mA 


AC Electrical Characteristics v cc =5v±io%,t a = -3o°cto +7o°c 


Parameter 

Conditions 

Min 

Max 

Units 

Output Rise/Fall Time 

Refer to Output Load Diagram 

40 

110 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The tableof “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -30'Cto +70°C temperature range. ( 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 
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Typical Input/Output Schematics 


Bandswitch Buffer Output Buffer 


Vcci 



VCC2 



UHF/VHF Input Buffers 

INPUT 1 INPUT 2 



Output Load Diagram 

5V 
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DS8622 


National Frequency Synthesis 

Semiconductor preliminary 

DS8622 500 MHz/1.2 GHz Dual Modulus VHF/UHF Prescaler 

General Description 

The DS8622 is a low power broadband dual modulus pre- sible Operating Conditions. The outputs are internally 
scaler intended for use in frequency synthesized television edge-transition controlled to minimize spurious harmonic 
tuners. The device features separate VHF and UHF buffered emissions. The device operates from a standard 5V ± 10% 
inputs, VHF input division by 126or128, UHF input division by supply source. V CC2 and GND 2 power the VHF and UHF in- 
252 or 256, TTL compatible bandswitchand modulus control put stages, and V CC i and GNDi power the remainder of the 
inputs, complementary ECL outputs, and 5V operation. circuit, thus limiting internal feedback. 

Features 

■ Broadband operation 

■ Increased frequency resolution 

■ High input sensitivity 

■ Separate VHF and UHF inputs 

■ Low power 


The VHF and UHF inputs cover a frequency range from 
80 MHz to 1200 MHz and can be driven either single or 
double-ended. The bandswitch (BSW) input selects the 
VHF inputs when at a low level and the UHF inputs when at 
a high level. The modulus control (MC) input selects 
division by 126 or 252 when at a high level and division by 
128 or 256 when at a low level. The dual modulus feature of 
this prescaler can provide frequency resolution steps of 
3.9 kHz, 7.8 kHz, or 15.6 kHz as.shown in the table of Pos- 




Connection Diagram 


DuaMn-Line Package 



TOP VIEW 


Logic Truth Table 


BSW 

MC 

Input 

Mode 

Modulus 

0 

0 

VHF 

128 

0 

1 

VHF 

126 

1 

0 

UHF 

256 

1 . 

1 

UHF 

252 


Order Number DS8622N 
See NS Package N14A 
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Absolute Maximum Ratings (Note i) 

Vcci.SupplyVolteg® 7V 

V cc2 , Supply Voltage 7V 

BSW,MC Input Voltage 7V 

Recommended Operating Conditions 


Operating Free AirTemperature Range -30°Cto +70°C 
Storage Temperature Range -65'Cto + 150°C 


Symbol 

Parameter 

Conditions 

Min 

Max 

■ Units 


Supply Voltages 


Ml 




V CC1 



5.5 

V 


VcC 2 



5.5 

V 

f MAX 

Toggle Frequency 


■ ■ 




VHF 

V| N = 100mVrms 


550 

MHz 


UHF 



1200 

MHz 

V,N 

Input Signal 
Sensitivity 






VHF 

80 MHz-550 MHz 

50 

500 

mVrms 


UHF 

80 MHz-550 MHz 

100 

500 

mVrms 



550 MHz-1200 MHz 

50 

500 

mVrms 


Input Slew Rate 






VHF 


1 


V/ M s 


UHF 




VI,xS 

•oh 

High Level 
Output Current 



-300 

/*A 

•oL 

Low Level 
Output Current 



300 

f*A 


DC Electrical Characteristics (Notes 2 and 3) 


Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


V| H 


High Level Input Voltage (Note 4) 


V CC = 5.5V 


2.0 


V|L 


Low Level Input Voltage (Note 4) 


V CC = 4.5V 


0.8 


Max Input Current (Note 4) 


V CC = 4.5V 
V,h = 7V 


100 




High Level Input Current (Note 4) 


V CC = 4.5V 
V m = 2.7V 


20 


mA 


Low Level Input Current (Note 4) 


V CC = 5.5V 
V|i_ = 0.4V 


-100 


mA 


Output Voltage Range 


Refer to Output Load Diagram 


0.75 


1.6 


Vp-P 


Icc 


Supply Current 


32.0 


mA 


AC Electrical Characteristics v cc =5v±io%,t a = -3o°cto +7o°c 


Symbol 


Parameter 


Conditions 


Min 


Max 


Units 


MODULUS 


Modulus Set-Up Time 
(Note 5) 


65 


tSEL 


BSW Select Time 


20 


ns 


Output Rise/Fall Time 


Refer to Output Load Diagram 


40 


110 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -30°Cto +70°C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. V 

Note 4: Applies to BSW and MC inputs. 

Note 5: t MODULUS = the period of time the modulus control level must be defined prior to the positive transition of the prescale output to ensure proper 
modulus selection. 
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Typical Input/Output Schematics 

Modulus Control Buffer Bandswitch Buffer 




UHF/VHF Input Buffers 


INPUT 1 INPUT 2 



GND 2 


Output Load Diagram 



* Includes capacitance of probes. 


Output Buffer 


Vcci 



GNDi 


POSSIBLE OPERATING CONDITIONS 


Reference 

Frequency 

(kHz) 

Mode 

Frequency 

Resolution 

(kHz) 

Min Lock 
Frequency* 
(MHz) 


VHF 

31.25 

124.03125 


UHF 

62.5 

248.0625 


VHF 

15.625 

62.015625 


UHF 

31.25 

124.03125 


VHF 

7.8125 

31.0078 


UHF 

15.625 

62.015625 


* Frequencies obtainable using minimum continuous N code. 
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Timing Diagram 


(VHF) -h 126 (VHF) + 128 (VHF) + 126 
(UHF) + 252 (UHF)-i-256 (UHFJ + 252 



The modulus control input level is sensed immediately prior to the output low-to-high level transition. The prescaler's modulus value 
will respond to the change in the modulus control input level immediately after that same output low-to-high level transition. 
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I. System Concepts 

INTRODUCTION 

Digital tuning systems are fast replacing the conventional 
mechanical systems in AM/FM and television receivers. 
The desirability of the digital approach is mainly due to the 
following features: 

• Precise tuning of station frequencies 

• Exact digital frequency display 

• Keyboard entry of desired frequency 

• Virtually unlimited station memory 

• Up/down scanning through the band 

• Station “search” (stop on next active station) 

• Power on to the last station 

• Easy option for time-of-day clock 

In addition, recent developments in large scale integrated 
circuit technology and new varactor diodes for the AM 
band have made the cost-benefit picture for digital tuning 
very attractive. System partitioning is extremely important 
in optimizing this cost-benefit picture, as will be discussed. 


SYSTEM DESCRIPTION 

A simplified block diagram of a typical digitally tuned re- 
ceiver is shown in Figure 1. Notice this receiver could be 
one for AM, FM, marine radio, or television; it makes no dif- 
ference. The frequency synthesizer block generates the 
local oscillator frequency for the receiver, just as a conven- 
tional mechanical tuner would. However, the phase- 
locked-loop (PLL) acts as an integral frequency multiplier 
of an accurate crystal controlled reference frequency 
while the mechanical type provides a continuously vari- 
able frequency output with no reference. Some method of 
controlling the value of the multiplier for channel tuning 
must be provided. The other RF, IF, and audio/video cir- 
cuitry will be the same as in the mechanical tuning 
method. 

There are many different ways to partition the frequency 
synthesizer system to perform the digital tuning function. 



FIGURE 1. Block Diagram of a Digitally Tuned Receiver 


COPS™ is a trademark of National Semiconductor Corp. 
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PROGRAMMABLE CONTROLLER FUNCTION 

The most cost-effective application of different 1C process 
technologies is shown in Figure 2. The controller is 
separate from the PLL. The controller can be as simple as 
a mask programmable microcontroller* or as complicated 
as a high-powered microprocessor system. It can be done 
most economically with NMOS technology because of the 
logic density possible and the small sizeof the RAM/ROM 
memory cells. It could also be CMOS for extremely low 
power consumption in standby mode. 

BASIC PHASE-LOCKED-LOOP FUNCTION 

The DS8906/7/8 series of PLLs utilize a dual-modulus fre- 
quency synthesis technique. The reasons for this and the 
PLL itself will now be discussed. 

Figure 3 is a diagram of the most simple phase-locked- 
loop. A particular reference frequency is generated by a 
crystal oscillator and some fixed divider, and this goes 

*Such as National's COPS™ family. 


into one side of a digital phase comparator. A voltage con- 
trolled oscillator (VCO) feeds directly into the other input 
of the phase comparator. The output of the phase compar- 
ator is an error signal which is filtered and fed back to the 
VCO as a DC control voltage. 

In lock, the phase error must be zero, so fug equals fREF. 
This system provides only one output frequency, that 
being equal to the reference frequency. 

Figure 4 is basically the same but now a programmable 
divide-by-N counter is between the VCO and the phase 
comparator. The input to the phase comparator (f !N ) now 
becomes the output frequency of the VCO (f out) divided by 
N, where N is the division code loaded into the program- 
mable counter. This means fou^N must equal fREF- Thus, 
the VCO output frequency becomes N x f RE f, and fouican 
now be changed in integral steps of fREF by merely chang- 
ing N. 


jp" KEYBOARD 


r FREQUENCY "1 I"" TIME OF DAY 


FREQUENCY 
■ DISPLAY I 

u Tim 

I DISPLAY I 


PROGRAMMABLE 

CONTROLLER 


r-L, 

| ON/OFF ! 
I ALARM 1 
^CIRCUITRY j 


t 
I 
I 
I 
I 

I 

STATION 

DETECT 




r TIME OF DAY 
■ DISPLAY | 

L nin J 

■ — u -L- u — , 

I DISPLAY I 

| CONTROLLER ■ 

— T~ 


FREQUENCY 

SYNTHESIZER 

BLOCK 

(PLL, LPF, VCO) 


TUNER 


FIGURE 2. System Block Diagram 



TLf F/5269-3 


FIGURE 3. Basic Phase-Locked-Loop 




TL/Ff5269-4 


f IN = , REF 


f OUT 
f 'N=— n— 


f OUT , 

~1T = f REF 

fOUT = Nx , REF - * f STEP = , REF 


FIGURE 4. Basic PLL Frequency Synthesizer 
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In applications where the output frequency desired ex- 
ceeds the maximum clock frequency of available pro- 
grammable dividers, a common solution is to add a pre- 
scaler preceding the programmable divider, as shown in 
Figure 5. In this case f 0 ut = N (M x f ref) and so the output 
frequency step size becomes M x f ref- So, while this 
technique allows higher frequency operation, it does so at 
the expense of either increased channel spacing for a 
given reference frequency, or decreased reference fre- 
quency if a specific channel spacing is required. This 
latter limitation is often undesirable as it can cause in- 
creased lock-on time, decreased scanning rates, and side- 
bands at undesirable frequencies. 


Figure 6 shows the basic dual-modulus scheme. Here, a 
dual-modulus prescaler Is substituted for the fixed pre- 
scaler and the modulus Is controlled by programmable 
counters. The advantage to this approach is that the step 
size is again equal to the reference frequency while the 
prescaling still allows the programmable counters to 
operate at lower frequencies. As in the fixed prescale tech- 
nique, only the prescaler needs to be high speed. The 
DS8906/7/8 prescale by 7/8 for AM and in a similar fashion 
by 63/64 in FM. 



TL/F/5269-5 


f IN = , REF 



, OUT = ( n >< m ) , REF 

fQUT = N (M x f REF)~ f STEP = M x f ref 


FIGURE 5. PLL Frequency Synthesizer with Fixed Prescaler 



TL/F/5269-6 


FIGURE 6. Basic Dual-Modulus Frequency Synthesizer 
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II. Application Hints 


VOLTAGE CONTROLLED OSCILLATORS 

In all radio and television applications, the voltage con- 
trolled oscillator (VCO) is a varactor tuned, LC type of cir- 
cuit. The LC circuit is used over the various RC current 
controlled circuits because of their superior noise charac- 
teristics. Figure 7 shows a collection of popular VCOs 
used in radio and television tuners. The AM VCO is a 
Hartley design chosen for wide tuning range. Commonly 
used varactors will show a capacitance change of 350 pF 
at IV to 20 pF at 8V, which if used in a low capacitance 
oscillator circuit, can produce a tuning range approaching 
3 to 1. 


In the higher frequency ranges, above 50 MHz, Colpitts 
oscillators are used because stray circuit capacitance will 
be in parallel with desired feedback capacitance and not 
cause undesirable spurious resonances that might occur 
with the tapped coil Hartley design. The FM VCO shown is 
a grounded base design with feedback from collector to 
emitter. A UHF television oscillator is also shown. It too is 
a grounded base oscillator, but using a transmission line 
as the resonant element instead of a coil. The transmis- 
sion line and tuning capacitors are arranged in 7r network 
which offers improved noise characteristics over a paral- 
lel tuned circuit.This circuit will tune over almost an octave. 


Hartley Oscillator 


SV321 
20 pF-300 pF 


100k 

0.002 0.02 



50 kHz- 15 MHz VCO 
Tuning range = 3:1 


Colpitts Oscillator 


Colpitts Oscillator 


TUNING 
B+ VOLTAGE 


BB609 
3 pF-20 pF 


^TlOOO pF 


I 1 10 00 pF k 

*5.6k 


IT I 


\ : 

470 

390 > < 

— 

► 

► 

* TUNED LINE 

H \ 

1 S 22 pF 


l l ^ 

150 pF^— v > 

>560 

►3.9k _L 1 

>7.5pF 


50 MHz -300 MHz VCO 
Tuning range = 2:1 


500 MHz- 1000 MHz VCO 
Tuning range= 1.8:1 


FIGURE 7. Typical VCO Circuits (IVpical Values Shown) 
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PLL LOOP FILTER CALCULATIONS 

Andrze] Przedpelski, in two articles published in Elec- 
tronic Design (#19, Sept. 13, 1978 and #10, May 10, 1978) 
explains how to calculate the three time constants associ- 
ated with a third order type 2 loop which is typically used 
with the DS8906/7/8 series. Figure 8 explains his method 
and shows a sample calculation. His articles illustrate 
how to calculate three time constants, and plot open loop 
gain and phase, and closed loop noise response. 

It should be noted that VCO gain, K v , is in terms of radians 
per second per volt, and phase detector gain, K D , is in 
terms of amps per radian. The phase detector gain for the 
DS8906/7/8 series is ± I 0 ut divided by 4 tt. 

Figure 9 illustrates an example calculation of time con- 
stants, and a plot of open loop gain and phase based on 
the preceding analysis. 
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REFERENCE 


T1 = R1C1 
T2 = R1C2 


fV 1 + ST1 
l 0 = SCI (1+ST2) 



KpKy / -(P 0 T1-l \ 

No) 0 2 \"0T2 + 1 / 
where $ = desired phase margin 
o»o= loop natural frequency 
••closed loop bandwidth 

Note: DS8908 op amp requires C3~1000 pF for compensation. 


FIGURE 8. Third Order type 2 Loop 



FIGURE 9. Example of Gain and Phase Calculation 
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DUAL-MODULUS COUNTING RANGE LIMITATIONS 


The last equation is in the final form used internally by the 




DS8906/7/8. The equation indicates that, if N is loaded 

• Minimum count limitations 



into the device, it will solve for N + 1. 

• Maximum count limitations 







The minimum continuous N modulus (code) the equation 

The DS8906/7/8 series PLLs utilize a dual-modulus count- 


dictates should occur when A = B. B maximum = 63 im- 

ing scheme internally based on a 63/64 prescale modulus 


plies 

A = 62, B = 63 should be an illegal N + 1 code 

in FM mode in order that all of the U.S. FM frequency 


(N + 1 

= 3969). However, because this is just inside the 

assignments could be reached using a 25 kHz reference. 


lower FM band limits, extra circuitry was added to enable 

The counter modulus N = 64A + B where B is the 6 least 


this particular code’s operation. The actual minimum 

significant bits of N and A is the 7th and greater signifi- 


N + 1 code for these PLLs thus becomes the case when 

cant bits of N. 



A = 61 

, B = 61, N + 1 minimum = 3907. There are legitimate 




N + 1 codes below this 3907 value, however, they are not 

, N = 64A + B 



continuous, (i.e., Starting at 3907 and counting down, one 

N = 64A + 63 - B (B = 63 - B) 



additional code is in error every 63 codes. Thereafter, 

1 + N=64A + 63 + 1 - 64B + 63B 



these erroneous codes are the cases where A < B.) The se- 

1 + N = 64 (A + 1 - B) + 63B 



quence of illegal codes is shown in Figure 10. 

Loaded Value 
of N 

A 

B 

Status 

Actual Locked 
N + 1 Value 

3906 

61 

61 

OK 

3907 

3905 

61 

62 

illegal 

3907 

3904 

61 

63 

illegal 

3907 

3903 

60 

0 

OK 

3904 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3843 

60 

60 

OK 

3844 

3842 

60 

61 

illegal 

3844 

3841 

60 

62 

illegal 

3844 

3840 

60 

63 

illegal 

3844 

3839 

59 

0 

OK 

3840 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3780 

59 

59 

OK 

3781 

3779 

59 

60 

illegal 

3781 

3778 

59 

61 

illegal 

3781 

3777 

59 

62 

illegal 

3781 

3776 

59 

63 

illegal 

3781 

3775 

58 

0 

OK 

3776 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3717 

58 

58 

OK 

3718 

3716 

58 

59 

illegal 

3718 

3715 

58 

59 

illegal 

3718 

3714 

58 

60 

illegal 

3718 

3713 

58 

61 

illegal 

3718 

3712 

58 

63 

illegal 

3718 

3711 

57 

0 v 

OK 

3712 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 





TL/F/5269-12 

FIGURE 10. FM Mode Dual-Modulus Counting Below the Minimum Continuous N Code of 3906 
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AN-335 


Maximum code limits for these dual-modulus PLLs are PLL Loop Bandwidth 300 Hz 

determined by the N code bit length. The DS8906 and Reference Frequency Sidebands >60dB 

DS8908 have a 14-bit N counter allowing 16,383 counts. Signal-to-Noise Ratio 

The DS8907 has a 13-bit N node length, allowing a maxi- AM: 30% modulation >50dB 

mum N count of 8,191. See Figure 11 for table operating FM- 22.5 kHz deviation >55dB 

ranges of the DS8906, DS8907 and DS8908 PLLs. . .. 4 c 

a ’ Switching Speed (one channel) <1.5 ms 

CONCLUSION 


The major application for the DS8906/7/8 PLLs are syn- 
thesizers for AM-FM radios, and have been widely ac- 
cepted in the marketplace. Figure 12 shows the block 
diagram of such a radio. In this application the following 
performance relating to the PLL tuning system is realized. 


Product 

Input 

Ref 

(Hz) 

(|N (Hz) 1 

Min* 

Max 

DS8906 . 

AM 

500 

24.5k 

8.1 93M 

FM 

12.5k 

48.8375M 

120M 

DS8907 

AM 

10k 

490k 

15M 

FM 

25k 

97.675M 

120M 

DS8908 

AM 

Ik 

49k 

15M 

9k 

441k 

15M 

10k 

490k 

15M 

20k 

980k 

15M 

FM 

Ik 

3.907M 

15M 

9k 

35.163M 

120M 

10k 

39.07M 

120M 

20k 

78.14M 

120M 


TUF/5269-13 


‘The minimum frequency shown is obtained when the minimum con- 
tinuous N code is utilized and it assumes the edge rates > 20V/^s. 

FIGURE 11. Product Operating Frequency Range 



TUF/5269-14 


FIGURE 12. AM-FM Digitally Tuned Radio System 
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2 National Semiconductor 


Interface Cross Reference Guide 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

AMD 

AM26LS30DC 

DS3691J 


AM26LS30PC 

DS3691N 


AM26LS31DC 

DS26LS31CJ 


AM26LS31PC 

DS26LS31CN 


AM26LS32DC 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32PC 

DS26LS32ACN 

DS26LS32CN 

AM26LS33DC 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33PC 

DS26LS33ACN 

DS26LS33CN 

AM26S10DC 

DS26S10J 


AM26S10PC 

DS26S10N 


AM26S11DC 

DS26S11J 


AM26S11PC 

DS26S11N 


AM26S12DC 


DS8838J 

AM26S12PC 


DS8838N 

. AM2965DC 


DP84240J 

1 AM2965PC 


DP84240N 

AM2966DC 


DP84244J 

AM2966PC 


DP84244N 

N8T26AB 

DS8T26AN 


N8T26AF 

DS8T26AJ 


N8T28F 

DS8T28J 


N8T28N 

DS8T28N 


D8212 

DP8212J 


P8212 

DP8212N 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


AM8224PC 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


AM8228PC 

DP8228N 


D8228 

DP8228J 


AM8238PC 

DP8238N 


D8238 

DP8238J 


DP8303J 

DP8303J 


DP8303N 

DP8303N 


DP8304BJ 

DP8304BJ 


DP8304BN 

DP8304BN 


DP8307J 

DP8307J 


DP8307N 

DP8307N 


DP8308J 

DP8308J 


DP8308N 

DP8308N 


DS8838J 

DS8838J 


DS8838N 

DS8838N 



The manufacturer’s most current data sheets take precedence over this guide. 
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FAIRCHILD NATIONAL’S INTERFACE 


Interface Cross Reference Guide 

n . National’s National’s 

Direct Closest 

® on Replacement Replacement 

(Continued) 

Device 

Designation 

33 National Semiconductor 

National’s National’s 

Direct Closest 

Replacement Replacement 

FAIRCHILD 


^A1 488DC 

DS1488J 


9636ARC 


DS3691J 

^iA1 488PC 

DS1488N 


9636 ATC 


DS3691N 

/rA1489ADC 

DS1489AJ 


9637ARC 


DS3486J 

,rA1 489APC 

DS1489AN 


9637 ATC 


DS3486N 

/rA1489DC 

DS1489J 


9640 DC 

DS26S10J 


/iA1 489PC 

DS1489N 


9640PC 

DS26S10N 


/iA3680DC 

DS3680J 


9643PC 


DS75322N 

/(A3680PC 

DS3680N 


9643TC 


DS75322N 

75107ADC 

DS75107J 


9645 DC 


DS3245J 

75107APC 

DS75107N 


9645PC 


DS3245N 

75107BDC 


DS75107J 




75107BPC 


DS75107N 




75108ADC 

DS75108J 





75108APC 

DS75108N 





75108BDC 


DS75108J 




75108BPC 


DS75108N 




75150RC 

DS75150J-8 





75150TC 

DS75150N 





75154DC 

DS75154J 





75154PC 

DS75154N 





75450BDC 

DS75450J 





75450BPC 

DS75450N 





75451ARC 

DS75451J-8 





75451 ATC 

DS75451 N 





75451 BRC 

DS75451 J-8 





75451 BTC 

DS75451N 





75452ARC 

DS75452J-8 





75452ATC 

DS75452N 





75452BRC 

DS75452J-8 





75452BTC 

DS75452N 





75453ARC 

DS75453J-8 





75453 ATC 

DS75453N 





75453BRC 

DS75453J-8 





75453BTC 

DS75453N 





75461 RC 

DS75461 J-8 





75461 TC 

DS75461 N 





75462RC 

DS75462J-8 





75462TC 

DS75462N 





75471TC 


DS3611N 




75472TC 


DS3612N 




75491 PC 

DS75491N 





75492PC 

DS75492N 





75492APC 


DS75492N 




/xA8T26ADC 

DS8T26AJ 

| 




/rA8T26APC 

DS8T26AN 





/rA8T28DC 

DS8T28J 





/xA8T28PC 

DS8T28N 





961 4DC 

DS75114J 





961 4PC 

DS75114N 





961 5DC 

DS75115J 





961 5PC 

DS75115N 





961 6DC 


DS1488J 




961 6PC 


DS1488N 




961 7DC 


DS1489AJ 




961 7DC 


DS1489J 




961 7PC 


DS75154N 





The manufacturer’s most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (Continued) 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

INTEL 

D3245 

DS3245J 


D8212 

DP8212J 


P8212 

DP8212N 


D8216 

DP8216J 


P8216 

DP8216N 


D8224 

DP8224J 


D8224 

DP8224N 


D8226 

DP8226J 


P8226 

DP8226N 


D8228 

DP8228J 


D8228 

DP8228N 


D8238 

DP8238J 


P8238 

DP8238N 


D8286 

DP8304BJ 


P8286 

DP8304BN 


D8287 

DP8303J 


P8287 

DP8303N 



The manufacturer’s most current data sheets take precedence over this guide. 
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INTEL 


MMI NATIONAL’S INTERFACE 


Interface Cross Reference Guide (continued) 


Device 

Designation 


MMI 


National’s National’s 

Direct Closest 

Replacement Replacement 


74S408N DP8408N 

74S409N DP8409N 

74S780N DP8400N 

The manufacturer’s most current data sheets take precedence over this guide. 
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Interface Cross Reference Guide (continued) 3 National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

MOTOROLA 


MMH0026CG 

DS0026CH 

DS0026CG 

MC75125P 

DS75125N 


MMH0026CL 

DS0026CJ 


MC75127L 

DS75127J 


MMH0026CN 

DS0026CN 


MC75127P 

DS75127N 


MMH0026CP1 

DS0026CN 


MC75128L 

DS75128J 


MMH0026G 

DS0026H 


MC75128P 

DS75128N 


MMH0026L 

DS0026J 


MC75129L 

DS75129J 


MC12015P 

DS8615N 


MC75129P 

DS75129N 


MC12016P 

DS8616N 


MC75325L 

DS75325J 


MC12017P 

DS8617N 


MC75491P 

DS75491N 


MCI 2071 P 

DS8621N 


MC75492P 

DS75492N 


MC1472P1 


DS3612N 

MC8T13L 

DS75121 J 


MC1472P1 


DS3632N 

MC8T13P 

DS75121N 


MC1472U 


DS3612J-8 

MC8T14L 

DS75122J 


MC1472U 


DS3632J-8 

MC8T14P 

DS75122N 


MC1488L 

DS1488J 


MC8T23L 

DS75123J 


MC1488P 

DS1488N 


MC8T23P 

DS75123N 


MC1489AL 

DS1489AJ 


MC8T24L 

DS75124J 


MC1489AP 

DS1489AN 


MC8T24P 

DS75124N 


MC1489L 

DS1489J 


MC8T26AL 

DS8T26AJ 

DS8834J 

MC1489P 

DS1489N 


MC8T26AP 

DS8T26AN 

DS8834N 

AM26LS31DC 

DS26LS31CJ 


MC8T28L 

DS8T28J 


AM26LS31PC 

DS26LS31CN 


MC8T28P 

DS8T28N 


MC26S10L 

DS26S10J 


DS8641N 

DS8641N 


MC26S10P 

DS26S10N 


DS8641J 

DS8641N 


MC3430L 

DS3651J 





MC3430P 

DS3651N 





MC3431L 


DS3651J 




MC3431P 


DS3651N 




MC3432L 

DS3653J 





MC3432P 

DS3653N 





MC3433L 


DS3653J 




MC3433P 


DS3653N 




MC3437L 

DS8837J 





MC3437P 

DS8837N 





MC3438L 

DS8838J 





MC3438P 

DS8838N 





MC3450L 


DS3650J 




MC3450P 


DS3650N 




MC3451P 


DS3451 N 




MC3452P 

DS3652N 





MC3486L 

DS3486J 





MC3486P 

DS3486N 





MC3487L 

DS3487J 





MC3487P 

DS3487N 





MC3490P 


DS8887N 




MC3491P 


DS8889N 




MC3494P 


DS8897N 




MC6880AL 

DS8T26AJ 





MC6880AP 

DS8T26AN 


1 



MC6889L 

DS8T28J 





MC6889P 

DS8T28N 





MC75107L 

DS75107J 





MC75107P 

DS75107N 





MC75108L 

DS75108J 





MC75108P 

DS75108N 





MC75125L 

DS75125J 






The manufacturer's most current data sheets take precedence over this guide. 
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MOTOROLA ^ NATIONAL’S INTERFACE 




SIGNETICS 



Interface Cross Reference Guide (continued) 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

SIGNETICS 

MC1488F 

DS1488J 


MC1488N 

DS1488N 


MC1489AN 

DS1489AN 


MC1489AF 

DS1489AJ 


MC1489F 

DS1489J 


MC1489N 

DS1489N 


NE582F 


DS75494J 

NE582N 


DS75494N 

75S107F 


DS75107J 

75S107N 


DS75107N 

75S108F 


DS75108J 

75S108N 


DS75108N 

75S207F 


DS75207J 

75S207N 


DS75207N 

75S208F 


DS75208J 

75S208N 


DS75208N 

N8T13F 

DS75121 J 


N8T13N 

DS75121N 


N8T14F 

DS75122J 


N8T14N 

DS75122N 


N8T15F 


DS75150J-8 

N8T15N 


DS75150N 

N8T23F 

DS75123J 


N8T23N 

DS75123N 


N8T24F 

DS75124J 


N8T24N 

DS75124N 


N8T26AF 

DS8T26AJ 


N8T26AN 

DS8T26AN 


N8T28F 

DS8T28J 


N8T28N 

DS8T28N 


N8T34F 

DS8834J 


N8T34N 

DS8834N 


N8T37F 

DS8837J 


N8T37N 

DS8837N 


N8T38F 

DS8838J 


N8T38N 

DS8838N 


N8T380F 

DS8836J 

DS8640J 

N8T380N 

DS8836N 

DS8640N 

‘DS8820AF 

DS8820AJ 


‘DS8820AN 

DS8820AN 


‘DS8820F 

DS8820J 


* DS8820N 

DS8820N 


*DS8830F 

DS8830J 


‘DS8830N 

DS8830N 


‘DS8880F 

DS8880J 


‘DS8880N 

DS8880N 



The manufacturer’s most current data sheets take precedence over this guide. 
‘Signetics has announced plans to obsolete these products. 
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23 National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

SPRAGUE 

UDN3611H 

UDN3611M 

DS3611J-8 

DS3611N 


UDN3612H 

UDN3612M 

DS3612J-8 

DS3612N 


UDN3613H 

UDN3613M 

DS3613J-8 

DS3613N 


UDN3614H DS3614J-8 

UDN3614M DS3614N 

The manufacturer's most current data sheets take precedence over this guide. 
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SPRAGUE 
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Interface Cross Reference Guide (continued) a National Semiconductor 


Device 

Designation 

National’s 

Direct 

Replacement 

National’s 

Closest 

Replacement 

TEXAS INSTRUMENTS 

MC1488J 

DS1488J 


MC1488N 

DS1488N 


MC1489AJ 

DS1489AJ 


MC1489AN 

DS1489AN 


MCI 489 J 

DS1489J 


MC1489N 

DS1489N 


AM26LS31CJ 

DS26LS31CJ 


AM26LS31CN 

DS26LS31CN 


AM26LS32ACJ 

DS26LS32ACJ 

DS26LS32CJ 

AM26LS32ACN 

DS26LS32ACN 

DS26LS32CN 

AM26LS33AJ 

DS26LS33ACJ 

DS26LS33CJ 

AM26LS33AN 

DS26LS33ACN 

DS26LS33CN 

AM26S10CJ 

DS26S10J 


AM26S10CN 

DS26S10N 


AM26S11CJ 

DS26S11J 


AM26S11CN 

DS26S11N 


MC3486J 

DS3486J 


MC3486N 

DS3486N 


MC3487J 

DS3487J 


MC3487N 

DS3487N 


SN74LS424J 

DP8224J 


SN74LS424N 

DP8224N 


SN74S412J 

DP8212J 


SN74S412N 

DP8212N 


SN74S428N 

DP8228N 


SN74S436N 

DS36149N 


SN74S437N 

DS36179N 


SN74S438N 

DP8238N 


SN75107AJ 


DS75107J 

SN75107AN 


DS75107N 

SN75107BJ 

DS75107J 


SN75107BN 

DS75107N 


SN75108AJ 


DS75108J 

SN75108AN 


DS75108N 

SN75108BJ 

DS75108J 


SN75108BN 

DS75108N 


SN75113J 

DS75113J 


SN75113N 

DS75113N 


SN75114J 

DS75114J 


SN75114N 

DS75114N 


SN75115J 

DS75115J 


SN75115N 

DS75115N 


SN75121 J 

DS75121J 


SN75121N 

DS75121N 


SN75122J 

DS75122J 


SN75122N 

DS75122N 


SN75123J 

DS75123J 


SN75123N 

DS75123N 


SN75124J 

DS75124J 


SN75124N 

DS75124N 


SN75125J 

DS75125J 


SN75125N 

DS75125N 


SN75127J 

DS75127J 


SN75127N 

DS75127N 


SN75128J 

DS75128J 


SN75128N 

DS75128N 


SN75129J 

DS75129J 


SN75129N 

DS75129N 


SN75150J 

DS75150J-8 


SN75150N 

DS75150N 


SN75154J 

DS75154J 


SN75154N 

DS75154N 


SN75160N 

DS75160AN 


SN75160AN 

DS75160AN 


SN75161N 

DS75161AN 


SN75161AN 

DS75161AN 


SN75162N 

DS75162AN 


SN75162AN 

DS75162AN 


SN75182J 

DS8820AJ 


SN75182N 

DS8820AN 


SN75183J 

DS8830J 


SN75183N 

DS8830N 


SN75188J 

DS1488J 


SN75188N 

DS1488N 


SN75189AJ 

DS1489AJ 



The manufacturer’s most current data sheets take precedence over this guide. 
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Device 

Designation 

National's 

Direct 

Replacement 

National’s 

Closest 

Replacement 


SN75189AN 

DS1489AN 


SN75189J 

DS1489J 


SN75189N 

DS1489N 


SN75207BN 

DS75207N 


SN75207J 


DS75207J 

SN75208BJ 

DS75208J 


SN75208J 


DS75208J 

SN75208N 


DS75208N 

SN75325J 

DS75325J 


SN75325N 

DS75325N 


SN75361AJG 

DS75361 J-8 


SN75361AP 

DS75361N 


SN 75365 J 

DS75365J 


SN75365N 

DS75365N 


SN75369J 


DS0026CJ-8 

SN75369N 


DS0026CN 

SN75437ANE 

DS3658N 


SN75437NE 

DS3658N 


SN75450BJ 

DS75450J 


SN75450BN 

DS75450N 


SN75451BJG 

DS75451 J-8 


SN75451BP 

DS75451N 


SN75452BJG 

DS75452J-8 


SN75452BP 

DS75452N 


. SN75453BJG 

DS75453J-8 


SN75453BP 

DS75453N 


SN75454BJG 

DS75454J-8 


SN75454BP 

DS75454N 


SN75461JG 

DS75461 J-8 


SN75461P 

DS75461 N 


SN75462JG 

DS75462J-8 


SN75462P 

DS75462N 


SN75463JG 

DS75463J-8 


SN75463P 

DS75463N 


SN75464JG 

DS75464J-8 


SN75464P 

DS75464N 


SN75471 JG 


DS3611J-8 

SN75471P 


DS3611N 

SN75472JG 


DS3612J-8 

SN75472P 


DS3612N 

SN75473JG 


DS3613J-8 

SN75473P 


DS3613N 

SN75474JG 


DS3614J-8 

SN75474P 


DS3614N 

SN75477JG 


DS3612J-8 

SN75477P 


DS3612N 

SN75480N 

DS8880N 


SN75491AN 


DS75491N 

SN75491N 

DS75491 N 


SN75492AN 


DS75492N 

SN75492J 

DS75492J 


SN75492N 

DS75492N 


SN75494N 


DS75494N 

N8T13J 

DS75121 J 


N8T13N 

DS75121N 


N8T14J 

DS75122J 


N8T14N 

DS75122N 


N8T23J 

DS75123J 


N8T23N 

DS75123N 


N8T24J 

DS75124J 


N8T24N 

DS75124N 


N8T26AJ 

DS8T26AJ 


N8T26AN 

DS8T26AN ' 


DS8820AJ 

DS8820AJ 


DS8820AN 

DS8820AN 


DS8830J 

DS8830J 


DS8830N 

DS8830N 


DS8831J 

DS8831J 


DS8831N 

DS8831N 
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INTRODUCTION 

The short and long term reliability of National 
Semiconductor’s interface circuits, like any integrated cir- 
cuit, is very dependent on its environmental condition. 
Beyond the mechanical/environmental factors, nothing 
has a greater influence on this reliability than the elec- 
trical and thermal stress seen by the integrated circuit. 
Both of these stress issues are specifically addressed on 
every interface circuit data sheet, under the headings of 
Absolute Maximum Ratings and Recommended Operat- 
ing Conditions. 

However, through application calls, it has become clear 
that electrical stress conditions are generally more under- 
stood than the thermal stress conditions. Understanding 
the importance of electrical stress should never be re- 
duced, but clearly, a higher focus and understanding must 
be placed on thermal stress. Thermal stress and its appli- 
cation to interface circuits from National Semiconductor 
is the subject of this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub" curve plotting 
failure rate versus time. Similar to all system hardware 
(mechanical or electrical) the reliability of interface inte- 
grated circuits conform to this curve. The key issues asso- 
ciated with this curve are infant mortality, failure rate, and 
useful life. 



to II t2 

EARLY LIFE USEFUL LIFE WEAROUTTIME 

TL/F/521 

FIGURE 1. Failure Rate vs Time 


Infant mortality, the high failure rate from time to to tl 
(early life), is greatly influenced by system stress condi- 
tions other than temperature, and can vary widely from 
one application to another. The main stress factors that 
contribute to infant mortality are electrical transients and 
noise, mechanical maltreatment and excessive tempera- 
tures. Most of these failures are discovered in device test, 
burn-in, card assembly and handling, and initial system 
test and operation. Although important, much literature is 
available on the subject of infant mortality in integrated 
circuits and is beyond the scope of this application note. 


Failure rate is the number of devices that will be expected 
to fail in a given period of time (such as, per million hours). 
The mean time between failure (MTBF) is the average time 
(in hours) that will be expected to elapse after a unit has 
failed before the next unit failure will occur. These two 
primary “units of measure” for device reliability are in- 
versely related: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, ex- 
tends between tl and t2 or from the end of infant mortality 
to the onset of wearout. The useful life may be as short as 
several years but usually extends for decades if adequate 
design margins are used in the development of a system. 

Many factors influence useful life including: pressure, 
mechanical stress, thermal cycling, and electrical stress. 
However, die temperature during the device’s useful life 
plays an equally important role in triggering the onset of 
wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates 
and time and temperature is a well established fact. The 
occurrence of these failures is a function which can be 
represented by the Arrhenius Model. Well validated and 
predominantly used for accelerated life testing of inte- 
grated circuits, the Arrhenius Model assumes the degra- 
dation of a performance parameter is linear with time and 
that MTBF is a function of temperature stress. The tem- 
perature dependence is an exponential function that 
defines the probability of occurrence. This results in a for- 
mula for expressing the lifetime or MTBF at a given tem- 
perature stress in relation to another MTBF at a different 
temperature. The ratio of these two MTBFs is called the 
acceleration factor F and is defined by the following 
equation: 


F = — = exp 
X2 M 


Where: XI = Failure rateat junctiontemperatureTI 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 

(ev) 

K = Boltzman’s constant 


E 

(± 
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However, the dramatic acceleration effect of junction 
temperature (chip temperature) on failure rate is illus- 
trated in a plot of the above equation for three different 
activation energies in Figure 2. This graph clearly demon- 
strates the importance of the relationship of junction 
temperature to device failure rate. For example, using the 
0.99 ev line, a 30 degree rise in junction temperature, say 
from 130°C to 160°C, results in a 10 to 1 increase in failure 
rate. 



30 60 90 120 150 180 210 

.JUNCTION TEMPERATURE (°C) 


TUF/5280-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capabil- 
ity of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out 
of the integrated circuit package. This is illustrated by 
Figures 3 and 4. 

Figure 3 shows a cross-sectional view of an assembled in- 
tegrated circuit mounted into a printed circuit board. 


Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit, 
flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed cir- 
cuit board and then to the ambient. The second path is 
from the package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in 
device thermal characteristics. However, grouping all 
these characteristics into one equation determining the 
overall thermal capability of an integrated circuit/pack- 
age/environmental condition is possible. The equation 
that expresses this relationship is: 

Tj = T A + Pd (0ja) 

Where: Tj= Die junction temperature 

T A = Ambient temperature in the vicinity of the 
device 

Pd = Total power dissipation (in watts) 

0 JA = Thermal resistance junction-to-ambient 

0 JA , the thermal resistance from device junction-to-ambi- 
ent temperature, is measured and specified by the manu- 
facturers of integrated circuits. National Semiconductor 
utilizes special vehicles and methods to measure and 
monitor this parameter. All interface circuit data sheets 
specify the thermal characteristics and capabilities of the 
packages available for a given device under specific con- 
ditions— these package power ratings directly relate to 
thermal resistance junction-to-ambient or 0 JA . 

Although National provides these thermal ratings, it is 
critical that the end user understand how to use these 
numbers to improve thermal characteristics in the 
development of his system using interface components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/F/5280-4 


FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING JUNCTION 
TEMPERATURE 


From the above equation the method of determining ac- 
tual worst-case device operating junction temperature 
becomes straightforward. Given a package thermal char- 
acteristic, 0 JA , worst-case ambient operating tempera- 
ture, T A (max), the only unknown parameter is device power 
dissipation, Pd. In calculating this parameter, the dissipa- 
tion of the integrated circuit due to its own supply has to 
be considered, the dissipation within the package due to 
the external load must also be added. The power associ- 
ated with the load in a dynamic (switching) situation must 
also be considered. For example, the power associated 
with an inductor or a capacitor in a static versus dynamic 
(say, 1 MHz) condition is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal 
resistance of 63°C/W is 108°C: 

Tj = 70°C + (63°C/W) x (0.6W) = 108°C 
The next obvious question is, how safe is 108°C? 


MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction tem- 
perature is in itself somewhat of a difficult question to 
answer. Many companies have established their own 
standards based on corporate policy. However, the semi- 
conductor industry has developed some defacto stand- 
ards based on the device package type. These have been 
well accepted as numbers that relate to reasonable (ac- 
ceptable) device lifetimes, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, 
the maximum allowable junction temperature is 150°C. 
For these devices assembled in ceramic or cavity DIP 
packages, the maximum allowable junction temperature 
is 175°C. The numbers are different because of the dif- 
ferences in package types. The thermal strain associated 
with the die package interface in a cavity package is much 
less than that exhibited in a molded package where the in- 
tegrated circuit chip is in direct contact with the package 
material. 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is 
referred to as the derating factor. 

Derating Factor = - — ! — 

0ja 

As mentioned, Figure 5 is a plot of the safe thermal 
operating area for a device in a 16-pin molded DIP. As long 
as the intersection of a vertical line defining the maximum 
ambient temperature (70°C in our previous example) and 
maximum device package power (600 mW) remains below 
the maximum package thermal capability line the junction 
temperature will remain below 150°C— the limit for a 
molded package. If the intersection of ambient tempera- 
ture and package power fails on this line, the maximum 
junction temperature will be 150°C. Any intersection that 
occurs above this line will result in a junction temperature 
in excess of 150°C and is not an appropriate operating 
condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 
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FIGURE 5. Package Power Capability vs Temperature 

The thermal capabilities of all interface circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce 
the package power capability stated by the derating factor 
which is expressed in mW/°C. For our example— a 0 JA of 
63°C/W relates to a derating factor of 15.9 mW/°C. 

FACTORS INFLUENCING PACKAGE THERMAL 
RESISTANCE 


Let us use this new information and our thermal equation 
to construct a graph which displays the safe thermal 
(power) operating area for a given package type. Figure 5 is 
an example of such a graph. The end points of this graph 
are easily determined. For a 16-pin molded package, the 
maximum allowable temperature is 150°C; at this point no 
power dissipation is allowable. The power capability at 
25°C is 1.98W as given by the following calculation: 


Pd@25°C = 


Tj(max)-T A 

0JA 


150°C - 25°C 
63°C/W 


1.98W 


As discussed earlier, improving any portion of the two 
primary thermal flow paths will result in an improvement 
in overall thermal resistance junction-to-ambient. This 
section discusses those components of thermal resist- 
ance that can be influenced by the manufacturer of the 
integrated circuit. It also discusses those factors in the 
overall thermal resistance that can be impacted by the end 
user of the integrated circuit. Understanding these issues 
will go a long way in understanding chip power capabili- 
ties and what can be done to insure the best possible oper- 
ating conditions and, thus, best overall reliability. 
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Die Size 

F/gure6showsagraphofour16-pinDIPthermalresistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases— 
this relates directly to having a larger area with which to 
dissipate a given power. 

Lead Frame Material 

Figure 7 shows the Influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Al loy 42 type lead 
frame— these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the 
lead frame material has a significant impact in package 
power capability. Molded interface circuits from National 
Semiconductor use the copper lead frame exclusively. 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a 
result of this, the graph of Figure 8 comes as no surprise. 
This compares the thermal resistance of our 16-pin pack- 
age soldered into a printed circuit board (board mount) 
compared to the same package placed in a socket (socket 
mount). Adding a socket in the path between the PC board 
and the device adds another stage in the thermal flow 
path, thus increasing the overall thermal resistance. The 
thermal capabilities of National Semiconductor's inter- 
face circuits are specified assuming board mount condi- 
tions. If the devices are placed in a socket the thermal 
capabilities should be reduced by approximately 5% to 
10 %. 


Air Flow 

When a high power situation exists and the ambient tem- 
perature cannot be reduced, the next best thing is to pro- 
vide air flow in the vicinity of the package. The graph of 
Figure 9 illustrates the impact this has on thermal resist- 
ance. This graph plots the relative reduction in thermal 
resistance normalized to the still air condition for our 
16-pin molded DIP. The thermal ratings on National 
Semiconductor’s interface circuits data sheets relate to 
the still air environment. 


Other Factors 

A number of other factors influence thermal resistance. 
The most important of these is using thermal epoxy in 
mounting ICs to the PC board and heat sinks. Generally 
these techniques are required only in the very highest of 
power applications. 

Some confusion exists between the difference in thermal 
resistance junCtion-to-ambient (0ja) and thermal resist- 
ance junction-to-case (0 JC ). The best measure of actual 
junction temperature is the junction-to-ambient number 
since nearly all systems operate in an open air environ- 
ment. The only situation where thermal resistance junc- 
tion-to-case is important is when the entire system is im- 
mersed in a thermal bath and the environmental tempera- 
ture is indeed the case temperature. This is only used in 
extreme cases and is the exception to the rule and, for this 
reason, is not addressed in this application note. 
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FIGURE 6. Thermal Resistance vs Die Size 
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FIGURE 7. Thermal Resistance vs Lead Frame Material 
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FIGURE 8. Thermal Resistance vs Board or Socket Mount 
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FIGURE 9. Thermal Resistance vs Air Flow 
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NATIONAL SEMICONDUCTOR PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, 
thermal resistance trend will be noticed in these graphs. 
As the number of device pins increase in a DIP the thermal 
resistance decreases. Referring back to the thermal flow 
chart, this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Interface Prod- 
ucts define power dissipation (thermal) capability. This in- 
formation can be found in the Absolute Maximum Ratings 
section of the data sheet. The thermal information shown 
in this application note represents average data for char- 
acterization of the indicated package. Actual thermal 
resistance can vary from ± 10% to ± 15% due to fluctua- 
tions in assembly quality, die shape, die thickness, 
distribution of heat sources on the die, etc. The numbers 
quoted in the interface data sheets reflect a 15% safety 

Molded (N Package) DIP* 

Copper Leadframe — HTP 
Die Attach Board Mount— 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

* Packages from 8 to 20-pin 0.3 mil width 
22-pin 0.4 mil width 
24 to 40-pin 0.6 mil width 

TL/F/5280-10 

FIGURE 10. Thermal Resistance 
vs Die Size vs Package Type 
(Molded Package) 


margin from the average numbers found in this applica- 
tion note. Insuring that total package power remains under 
a specified level will guarantee that the maximum junction 
temperature will not exceed the package maximum. 

The package power ratings are specified as a maximum 
power at 25 °C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 
25°C. For example, in a given product data sheet the fol- 
lowing will be found: 

Maximum Power Dissipation* at 25°C 

Cavity Package 1509 mW 

Molded Package 1476 mW 

* Derate cavity package at 10 mW/°C above 25°C; derate 
molded package at 11.8 mW/°C above 25°C. 

if the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 

P D @ 70°C = 1476 mW - (1 1 .8 mW/°C) x (70°C - 25°C) 

= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

* Packages from 8 fo 20-pin 0.3 mil width 
22-pin 0.4 mil width 
24 to 48-pin 0.6 mil width 

TL/R5280-1 1 

FIGURE 11. Thermal Resistance 
vs Die Size vs Package Type 
(Cavity Package) 
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Introduction 

GENERAL 

This generic Schottky PROM family by National Semiconductor makes available to the industry one of the widest selec- 
tions in sizes and organizations. Four-bit wide PROMs are provided with 256 to 4096 words in pin compatible 16 and 18 pin 
dual-in-line packages. The 8-bit wide devices range from 32 to 4096 words in a variety of packages. Being ‘generic,’ all 
PROMs share a common programming algorithm. 

TITANIUM-TUNGSTEN FUSES 

National’s new Programmable Read-Only Memories (PROMs) feature titanium-tungsten (Ti:W) fuse links designed to 
program efficiently with only 10.5 Volts applied. The high performance and reliability of these PROMs are the result of 
fabrication by a Schottky bipolar process, of which the titanium-tungsten metalization is an integral part, and the use of an 
on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low programming voltage of the fuse links. At 10.5 Volts, 
this virtually eliminates the need for guard-ring devices and wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die and to reduce parasitics. The device is designed to ensure that 
worst-case fuse operating current is low enough for reliable long-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the, fuse links. The complete circuit design is optimized to 
provide high performance over the entire operating ranges of Vcc and temperature. 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable links for testing the programmability of each chip. 
These test fuses are placed at the worst-case chip locations to provide the highest possible confidence in the 
programming tests in the final product. A ROM pattern is also permanently fixed in the additional circuitry and coded to 
provide a parity check of input address levels. These and other test circuits are used to test for correct operation of the row 
and column-select circuits and functionality of input and enable gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and parametric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti:W PROMs are subjected to an on-going reliability evaluation by the Reliability 
Assurance Department. These evaluations employ accelerated life tests, including dynamic high-temperature operating 
life, temperature-humidity life, temperature cycling, and thermal shock. To date, nearly 7.4 million Schottky Ti:W PROM 
device hours have been logged, with samples in Epoxy B molded DIP (N-package) and CERDIP (J-package). Device 
performance in all package configurations is excellent. 
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Size 



DIP 

Part 

TAA 

TEA 

ICC 

Temperature 

(Bits) 

Organization 

(Pins) 

Number 

(Max) in nS 

(Max) in nS 

(Max) in mA 

Celsius 

256 

32 x 8 

OC 

16 

DM54S188 

45 

30 

110 

-55 to +125 


32 x 8 

OC 

16 

DM74S188 

35 

20 

110 

0 to +70 


32 x 8 

TS 

16 

DM54S288 

45 

30 

110 

-55 to +125 


32 x 8 

TS 

16 

DM74S288 

35 

20 

110 

0 to +70 

1024 

256 x 4 

OC 

16 

DM54S387 

60 

30 

130 

-55 to +125 


256 x 4 

OC 

16 

DM74S387 

50 

25 

130 

0 to +70 


256 x4 

TS 

16 

DM54S287 

60 

30 

130 

-55 to +125 


256 x4 

TS 

16 

DM74S287 

50 

25 

130 

0 to +70 

2048 

512 x 4 

OC 

16 

DM54S570 

65 

35 

130 

-55 to +125 


512 x 4 

OC 

16 

DM74S570 

55 

30 

130 

0 to +70 


512 x 4 

TS 

16 

DM54S571 

65 

35 

130 

-55 to +125 


512 x 4 

TS 

16 

DM74S571 

55 

30 

130 

0 to +70 


512 x 4 

OC 

16 

DM54S570A 

60 

35 

130 

-55 to +125 


512 x 4 

OC 

16 

DM74S570A 

45 

25 

130 

0 to +70 


512 x 4 

TS 

16 

DM54S571A 

60 

35 

130 

-55 to +125 


512 x 4 

TS 

16 

DM74S571A 

45 

25 

130 

0 to +70 


512x4 

TS 

16 

DM54S571 B 

50 

35 

130 

-55 to +125 


512 x 4 

TS 

16 

DM74S571B 

35 

25 • 

130 

0 to +70 


256 x 8 

TS 

20 

DM54LS471 

70 

35 

100 

-55 to +125 


256 x 8 

TS 

20 

DM74LS471 

60 

30 

100 

0 to +70 

4096 

512 x 8 

OC 

20 

DM54S473 

75 

35 

155 

-55 to +125 


512x8 

OC 

20 

DM74S473 

60 

30 

155 

0 to +70 


512x8 

TS 

20 

DM54S472 

75 

35 

155 

-55 to +125 


512 x 8 

TS 

20 

DM74S472 

60 

30 

155 

0 to +70 


512 x 8 

OC 

20 

DM54S473A 

60 

35 

155 

-55 to +125 


512 x 8 

OC 

20 

DM74S473A 

45 

25 

155 

0 to +70 


512 x 8 

TS 

20 

DM54S472A 

60 

35 

155 

-55 to +125 


512 x 8 

TS 

20 

DM74S472A 

45 

25 

155 

0 to +70 


512 X 8 

TS 

20 

DM54S472B 

50 

35 

155 

-55 to +125 


512 X 8 

TS 

20 

DM74S472B 

35 

25 

155 

0 to +70 


512 x 8 

OC 

24 

DM54S475 

75 

40 

170 

-55 to +125 


512 x 8 

OC 

24 

DM74S475 

65 

35 

170 

0 to +70 


512 x 8 

TS 

24 

DM54S474 

75 

40 

170 

-55 to +125 


512 x 8 

TS 

24 

DM74S474 

65 

35 

170 

0 to +70 


512 x 8 

OC 

24 

DM54S475A 

60 

35 

170 

-55 to +125 


512 x 8 

OC 

24 

DM74S475A 

45 

25 

170 

0 to +70 


512 x 8 

TS 

24 

DM54S474A 

60 

35 

170 

-55 to +125 


512 x 8 

TS 

24 

DM74S474A 

45 

25 

170 

0 to +70 


512 x 8 

TS 

24 

DM54S474B 

50 

35 

170 

-55 to +125 


512x8 

TS 

24 

DM74S474B 

35 

25 

170 

0 to +70 


512x8 

REG 

24* 

DM77SR474 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM87SR474 

35** 

25 

185 

0 to +70 


512x8 

REG 

24* 

DM77SR476 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM77SR25 

40** 

30 

185 

-55 to +125 


512x8 

REG 

24* 

DM87SR476 

35** 

25 

185 

0 to +70 


512x8 

REG 

24* 

DM87SR25 

35* * 

25 

185 

0 to +70 


1024 x 4 

OC 

18 

DM54S572 

75 

45 

140 

-55 to +125 


1024 x 4 

OC 

18 

DM74S572 

60 

35 

140 

0 to +70 


1024 x 4 

TS 

18 

DM54S573 

75 

45 

140 

-55 to +125 


1024 x 4 

TS 

18 

DM74S573 

60 

35 

140 

0 to +70 


1024 x 4 

OC 

18 

DM54S572A 

60 

35 

140 

-55 to +125 


1024 x 4 

OC 

18 

DM74S572A 

45 

25 

140 

0 to +70 


1024 x 4 

TS 

18 

DM54S573A 

60 

35 

140 

-55 to +125 


1024 x 4 

TS 

18 

DM74S573A 

45 

25 

140 

0 to +70 


1024 x 4 

TS 

18 

DM54S573B 

50 

35 

140 

-55 to +125 


1024 x 4 

TS 

18 

DM74S573B 

35 

25 

140 

0 to +70 


* - 24 Pin Narrow Dual Inline Package 
“ - Set up Time 
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Size 



DIP 

Part 

TAA TEA 

ICC 

Temperature 


(Bits) 

Organization 

(Pins) 

Number 

(Max) in nS (Max) in nS (Max) in mA 

Celsius 


8192 

1024 x 8 

oc 

24 

DM77S180 

75 

35 

170 

-55 to +125 



1024 x 8 

TS 

24* 

DM77S280 

75 

35 

170 

-55 to +125 



1024 x 8 

OC 

24 

DM87S180 

55 

30 

170 

0 to +70 



1024 x 8 

TS 

24* 

DM87S280 

55 

30 

170 

0 to +70 



1024 x 8 

oc 

24 

DM77S181 

75 

35 

170 

-55 to +125 



1024 x 8 

TS 

24* 

DM77S281 

75 

35 

170 

-55 to +70 



1024 x 8 

oc 

24 

DM87S181 

55 

30 

170 

0 to +70 



1024 x 8 

TS 

24* 

DM87S281 

55 

30 

170 

0 to +70 



1024 x 8 

TS 

24 

DM77LS181 

175 

70 

100 

-55 to +125 



1024 x 8 

TS 

24 

DM87LS181 

120 

50 

100 

0 to +70 



1024 x 8 

TS 

24 

DM77S181 A 

65 

35 

170 

-55 to +125 



1024 x 8 

TS 

24 

DM87S181 A 

45 

30 

170 

0 to +70 



1024 x 8 

REG. 

24* 

DM77SR181 

50** 

30 

175 

-55 to +125 



1024 x 8 

REG. 

24* 

DM87SR181 

40** 

25 

175 

0 to +70 



2048 x 4 

OC 

18 

DM77S184 

75 

35 

140 

-55 to +125 



2048 x 4 

OC 

18 

DM87S184 

55 

30 

140 

0 to +70 



2048 x 4 

TS 

18 

DM77S185 

75 

35 

140 

-55 to +125 



2048 x 4 

TS 

18 

DM87S185 

55 

30 

140 

0 to +70 



2048 x 4 

TS 

18 

DM77S185A 

60 

30 

140 

-55 to +125 



2048 x 4 

TS 

18 

DM87S185A 

45 

25 

140 

0 to +70 



2048 x 4 

TS 

18 

DM77S185B 

50 

30 

140 

-55 to +125 



2048 x 4 

TS 

18 

DM87S185B 

35 

25 

140 

0 to +70 


16384 

2048 X 8 

OC 

24 

DM77S190 

80 

40 

175 

-55 to +125 



2048 x 8 

TS 

24* 

DM77S290 

80 

40 

175 

-55 to +125 



2048 x 8 

OC 

24 

DM87S190 

65 

30 

175 

0 to +70 



2048 x 8 

TS 

24* 

DM87S290 

65 

30 

175 

0 to +70 



2048 x 8 

OC 

24 

DM77S191 

80 

40 

175 

-55 to +125 



2048 x 8 

TS 

24* 

DM77S291 

80 

40 

175 

-55 to +125 



2048 x 8 

OC 

24 

DM87S191 

65 

30 

175 

0 to +70 



2048 x 8 

TS 

24* 

DM87S291 

65 

30 

175 

0 to +70 



2048 x 8 

TS 

24 

DM77S191 A 

60 

35 

175 

-55 to +125 



2048 x 8 

TS 

24 

DM87S191 A 

45 

30 

175 

0 to +70 



2048 x 8 

TS 

24 

DM77S191 B 

50 

30 

175 

-55 to +125 



2048 x 8 

TS 

24 

DM87S191B 

35 

25 

175 

0 to +70 



4096 x 4 

TS 

20 

DM77S195A 

60 

30 

170 

-55 to + 125 



4096 X 4 

TS 

20 

DM87S195A 

45 

25 

170 

0 to +70 



4096 X 4 

TS 

20 

DM77S195B 

50 

30 

170 

-55 to +125 



4096 X 4 

TS 

20 

DM87S195B 

35 

25 

170 

0 to +70 


32768 

4096 X 8 

TS 

24 

DM77S321 

65 

35 

185 

-55 to +125 



4096 X 8 

TS 

24 

DM87S321 

55 

30 

185 

Oto +70 



4096 X 8 

TS 

24* 

DM77S421 

65 

35 

185 

-55 to +125 



4096 x 8 

TS 

24* 

DM87S421 

55 

30 

185 

0 to +70 


Absolute Maximum Ratings (Note d 

Operating Conditions 











Min Max 

Units 

Supply Voltage (Note 2) 



-0.5 to +7.0V 






Input Voltage (Note 2) 



-1.2 to +5.5V 

Supply Voltage (V cc ) 




Output Voltage (Note 2) 



-0.5 to +5.5V 

Military 



4.50 5.50 

V 

Storage Temperature 



-65 to +150C 

Commercial 


4.75 5.25 

V 

Lead Temperature (10 seconds) 


300C 

Ambient Temperature 0a) 








Military 



-55 +125 

°c 

* - 24 Pin Narrow Dual Inline Package 


Commercial 


0 +70 

°c 

** - Set ud Time 




Logical “0 

’ Input Voltage 

0 0.8 

V 






Logical “1 

’ Input Voltage 

2.0 5.5 

V 

Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at these values. 

Note 2: These limits do not apply during programming. For the programming ratings, refer to the programming instructions. 





21-5 


Bipolar PROM Selection Guide 





DM54/74S188, DM54/74S288 


National 
Semiconductor 

DM54/74S188, DM54/74S288 
(32 X 8) 256-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 32 
words by 8 bits configuration. A memory enable input is 
provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. , 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


Bipolar PROMs 


Features 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 22ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 




Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S188 


X 

X 


N,J 

DM74S288 


X 


X 

N,J 

DM54S188 

X 


X 


J 

DM54S288 

X 



X 

J 


Block and Connection Diagram 


El 



BUFFER 



Order Number; 

DM74S188 J, DM74S288 J, 
DM54S188 J, DM54S288 J 
See NS Package J16A 


Order Number; 

DM74S188 N or DM74S288 N 
See NS Package N16A 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

Conditions 

DM54S1 88/288 

DM74S1 88/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

— 

Input Load Current 

V C c = Max, V| N = 0.45V 


-80 

-250 


-80 

-250 

mA 

■ 

Input Leakage Current 

V C c = Max, V| N = 2.7V 



25 



25 

m a 

V C c = Max, V| N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc = Min, Iol = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 




V 

V| H 

High Level Input Voltage 


2.0 



2.0 



V 

•oz 

Output Leakage Current 
(Open-Collector Only) 

■Vcc = Max, Vqex = 2.4V 



50 



50 

MA 

Vcc = Max, Vqex = 5.5V 



100 



100 

MA 

V C 

Input Clamp Voltage 

V C c = Min, I|n = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

c. 

Input Capacitance 

V CC = 5.0, V| N = 2.0V 
T A = 25C, 1MHz 

■ 

4.0 

■ 

■ 

4.0 

■ 

PF 

Co 

Output Capacitance 

V C c = 5.0V, V 0 = 2.0 V 
T a = 25C, 1MHz, Outputs Off 

■ 

6.0 

■ 


6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 

■ 

70 

110 


70 

110 

mA 

TRI-STATE® Parameters 

•os 

Short Circuit 
Output Current 

V 0 = 0V, V C c = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

V C c = Max, V 0 = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

mA 



-50 



-50 

mA 

VoH 

Output Voltage High 

Ioh = -2.0mA 

2.4 

3.2 





V 

Iqh = — 6.5mA 




2.4 

3.2 


V 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Sym 

Parameter 

JEDEC Symbol 

DM54S1 88/288 

DM74S1 88/288 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 


22 

45 


22 

35 

ns 

TEA 

Enable Access Time 

TEVQV 


o 

Kfl 


mm 

mm 

ns 

TER 

Enable Recovery Time 

TEXQX 


mm 

H39 


mm 

mm 

ns 

TZX 

Output Enable Time 

TEVQX 


■Efl 

mm 


■a 

mm 

ns 

TXZ 

Output Disable Time 

TEXQZ 


ttfl 

Wtm 


mm 

mm 

ns 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and T A = 25C. 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S387, DM54/74S287 


National 
Semiconductor 

DM54/74S387, DM54/74S287 
(256 X 4) 1024-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
256 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


Bipolar PROMs 


Features 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 35ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 




Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S387 


X 

X 


N,J 

DM74S287 


X 


X 

■ 80 B 

DM54S387 

X 


X 


j 

DM54S287 

X 



X 

j 


Block and Connection Diagram 


A3 



GATE 


A6 — 


^v cc 

A5 - 


— A7 

3 


14 - 

A4 — 


— E2 

4 


13 - 

A3 — 


- El 

m± 


12 

- 01 

ul 


11 no 
- 02 

7 

A2 — 


10 

- 03 

GND — 


9 

- 04 


Order Number; 

DM74S387 J, DM74S287 J, 
DM54S387 J, DM54S287 J 
See NS Package J16A 


Order Number; 

DM74S387 N or DM74S287 N 
See NS Package N16A 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

Conditions 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

V C c = Max, V, N = 0.45V 


-80 

-250 


-80 

-250 

MA 

IlH 

Input Leakage Current 

V CC = Max, V| N = 2.7V 



25 



25 

mA 

V CC = Max, V| N = 5.5V 



1.0 



1.0 

mA 

_j 

O 

> 

Low Level Output Voltage 

Vcc = Min, Iol = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V,L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

bz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex = 2.4V 



50 



50 

ma 

Vcc = Max, Vcex = 5.5V 



100 



100 

mA 

V C 

Input Clamp Voltage 

Vcc = Min, l| N = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

H 

Input Capacitance 

V CC = 5.0, V|n = 2.0V 
T A = 25C, 1MHz 


4.0 

m 


4.0 


pF 

Co 

Output Capacitance 

V C c = 5.0V, V 0 = 2.0V 
T A = 25C, 1MHz, Outputs Off 


6.0 



6.0 


pF 

be 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


80 

130 


80 

130 

mA 


TRI-STATE® Parameters 


bs 

Short Circuit 
Output Current 

V 0 = 0V, V C c = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

bz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vo = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

MA 



-50 



-50 

ma 

< 

0 

1 

Output Voltage High 

Ioh = -2.0mA 

2.4 

3.2 





V 

Iqh = 6.5mA 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S387/287 

DM74S387/287 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 



60 


■CM 


ns 

TEA 

Enable Access Time 

TEVQV 


mm 



o 

mm 

ns 

TER 

Enable Recovery Time 

TEXQX 


mm 

El 


mm 

■ ^ 

ns 

TZX 

Output Enable Time 

TEVQX 


mm 

■cUM 


mm 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 


warn 

mum 


in 

mm 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V cc = 5.0V and T A = 25C. 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


DM54/74S387, DM54/74S287 

















































































































































DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571 A, DM54/74S571 B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S570, DM54/74S571; DM54/74S570A, 
DM54/74S571A; DM54/74S571B 
(512 x 4) 2048-Bit TTL PROMs 

General Description Features 


These Schottky memories are organized in the popular 
51 2 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 30ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S570 


X 

X 


N,J 

DM74S571 


X 


X 

N,J 

DM54S570 

X 


X 


J 

DM54S571 

X 



X 

J 


Block and Connection Diagram 



BUFFER 


04 03 02 01 


A6 — 


^v cc 

A5 — 


!*A7 

A4 — 


- AS 

A3 — 


15 El 

A0 — 


-01 

All 


11 no 
-02 

A2 — 


10 „„ 
-03 

GND 1 


-04 


Order Number; Order Number; 

DM74S570 J, DM74S571 J, DM74S570 N or DM74S571 N 

DM54S570 J. or DM54S571 J See NS Package N16A 

See NS Package J16A 


21-10 






















21 


21-11 


DM54/74S570, DM54/74S571, DM54/74S570A, 
DM54/74S571A, DM54/74S571B 



































































































































































































DM54/74LS471 


National 
Semiconductor 

DM54/74LS471 

(256 X 8) 2048-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
256 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


Bipolar PROMs 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 40ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 




Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 







DM74LS471 


X 


X 

N,J 







DM54LS471 

X 



X 

J 


Block and Connection Diagram 




BUFFER 


Order Number; 
DM74LS471 J, 
DM54LS471 J, 

See NS Package J20B 


Order Number; 
DM74LS471 N 
See NS Package N20A 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

Conditions 

DM54LS471 

DM74LS471 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

l|L 

Input Load Current 

Vcc = Max, V|iy — 0.45V 


-80 

-250 


-80 

-250 

mA 

1 IH 

Input Leakage Current 

V C c = Max, V| N = 2.7V 



25 



25 

mA 

V C c = Max, V| N = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc = Min, Iol = 16mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level input Voltage 




0.80 



0.80 

V 

V,H 

High Level Input Voltage 


2.0 



2.0 



V 

v c 

Input Clamp Voltage 

Vcc = Min, Iin = -18mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

V C C = 5.0, V|m - 2.0 V 
T A = 25C, 1MHz 

■ 

4.0 



4.0 


pF 

Co 

Output Capacitance 

V CC = 5.0V, V 0 = 2.0V 
T a = 25C, 1MHz, Outputs Off 

1 

6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 


75 

100 


75 

100 

mA 


TRI-STATE® Parameters 


los 

Short Circuit 
Output Current 

Vo = 0V, V C c = Max 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

loz 

Output Leakage 
(TRI-STATE) 

V C c = Max, V 0 = 0.45 to 2.4V 
Chip Disabled 



+50 



+50 

FA 



-50 



-50 

fA 

X 

o 

> 

Output Voltage High 

Ioh - -2.0mA 

mt 

3.2 





V 

Iqh = 6.5mA 




O 



V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54LS471 

DM74LS471 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 


Address Access Time 

TAVQV 


wsm 

70 


40 

60 

ns 

■H3 

Enable Access Time 

TEVQV 


mm 

mm 


mm 


ns 

TER 

Enable Recovery Time 

TEXQX 


mm 



mm 

Bl 

ns 

TZX 

Output Enable Time 

TEVQX 


mm 

mtvm 


mm 

■CUM 

ns 

TXZ 

Output Disable Time 

TEXQZ 


mm 

»MI 


mm 

■CM 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc ~ 5.0V and T A - 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM54/74S473, DM54/74S472, DM54/74S473A, 
DM54/74S472A, DM54/74S472B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S473, DM54/74S472; DM54/74S473A, 
DM54/74S472A; DM54/74S472B 
(512 x 8) 4096-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
51 2 words by 8 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF" or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE"* programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S473 


X 

X 


N,J 

DM74S472 


X 


X 

N.J 

DM54S473 

X 


X 


J 

DM54S472 

X 



X 

J 


Block and Connection Diagram 




BUFFER 


Order Number; 

DM74S473 J, DM74S472 J, 
DM54S473 J, or DM54S472 J 
See NS Package J20B 


Order Number, 

DM74S473 N or DM74S472 N 
See NS Package N20A 
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DM54/74S473, DM54/74S472, DM54/74S473A, 
DM54/74S472A, DM54/74S472B 




























































































































































































































DM54/74S475, DM54/74S474, DM54/74S475A, 
DM54/74S474A, DM54/74S474B 



National 

Semiconductor 


Bipolar PROMs 


DM54/74S475, DM54/74S474; DM54/74S475A, 
DM54/74S474A; DM54/74S474B 
(512 x 8) 4096-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
512 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 


PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S475 


X 

X 


N,J 

DM74S474 


X 


X 

N,J 

DM54S475 

X 


X 


J 

DM54S474 

X 



X 

J 


Block and Connection Diagram 



GATE 



Order Number: 

DM74S475 J, DM74S474 J, 
DM54S475 J, or DM54S474 J 
See NS Package J24A 


Order Number: 

DM74S475 N or DM74S474 N 
See NS Package N24A 
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DM54/74S475, DM54/74S474, DM54/74S475A, 
DM54/74S474A, DM54/74S474B 



















































































































































































































DM77/87SR474, DM77/87SR474B 


Bipolar PROMs 

PRELIMINARY 


DM77/87SR474, DM77/87SR474B (512 x 8) 4k-Bit 
Registered TTL PROM 


General Description 

The DM77/87SR474 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE® output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored in a 
register. The DM77/87SR474 also offers maximal flexibil- 
ity for memory expansion and data bus control by provid- 
ing both synchronous and asynchronous output ena- 
bles. All outputs will gojnto the “OFF” state if the syn- 
chronous chip enable (GS) is high before the rising edge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when GS is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the “OFF” 
state with the application of Vcc- 

Data is read from the PROM by first applying an address 
to inputs A0-A8. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output if the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM is a trademark of National Semiconductor Corp. 

Block and Connection Diagrams 


The DM77/87SR474 also features an initialize function, 
INIT. The initialize function provides the user with an 
extra word of programmable memory which is acce ssed 
with single pin control by applying a low on INIT. The 
initialize function is synchronous and is loaded into the 
output register on the next r ising edge of the clock. The 
unprog rammed state of the INIT is all lows, providing a 
CLEAR function when not programmed. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable synchronous register INITIALIZE 

■ 24-pin, 300 mil thin-dip package 

■ 35ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFE™ programming 

■ All parameters guaranteed over temperature 

■ Pinout compatible with DM77SR181 (1kx8) 
Registered PROM for future expansion 



A 7 — 

1* 

24 

*6 

2 

23 

*5 

3 

22 

A4 — 

4 

21 

A 3 

5 

20 

A 2 — 

6 DM77SR474 

19 

Al 

7 

18 

AO — 

8 

17 

QO — 

9 

16 

Ql — 

10 

15 

02 — 

11 

14 

GND — 

12 

13 


Order Number DM77SR474J, 
DM87SR474J, DM87SR474N, 
DM77SR474BJ, DM87SR474BJ 
or DM87SR474BN 
See NS Package J24F or N24C 


Qq Oi 02 03 04 05 05 O 7 TL/L5189 
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DM77SR474 


DM87SR474 





DC Electrical Characteristics (Note 3) 


Conditions 


Vcc = Max., V, N = 0.45V 


Vcc = Max., V| N = 2.7V 


V cc = Max., V| N = 5.5 V 


V C c = Min., l 0 L = 16mA 


V cc = Max., V C ex = 2.4V 


Vcc = Min., Iin =~18mA 


V cc = 5.0, Vim = 2.0V 
T A = 25°C, 1MHz 


V cc = 5.0 V, V 0 = 2.0V 

T a = 25°C, 1 MHz, Outputs Off 


V C c = Max., Inputs Grounded 
All Outputs Open 


V o = 0V, V cc = Max. 
(Note 4) 


V cc = Max., V 0 = 0.45 to 2.4V 
Chip Disabled 


oh = — 2.0mA 


Iqh = -6.5mA 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0 V and t a = 25“C 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Symbol 

Parameter 

1 1 L 

Input Load Current 

l|H 

Input Leakage Current 

V<DL 

Low Level Output Voltage 

V| L 

Low Level Input Voltage 

V,H 

High Level Input Voltage 

loz 

Output Leakage Current 

V c 

Input Clamp Voltage 

c i 

Input Capacitance 

Co 

Output Capacitance 

Icc 

Power Supply Current 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

■oz 

Output Leakage 
(TRI-STATE) 

Vdh 

Output Voltage High 


2.0 






50 




-1.2 



4.0 




6.0 




135 

185 



-20 


-70 

-20 ! 

-50 


+50 

-50 



Switching Characteristics 


Symbol 


l S(A) 














































































































































DM77/87SR476, DM77/87SR25, DM77/87SR476B, DM77/87SR25B 


National 

Semiconductor 


Bipolar PROMs 

PRELIMINARY 


DM77/87SR476, DM77/87SR25, DM77/87SR476B, 
DM77/87SR25B (512 x 8) 4k-Bit Registered TTL PROM 


General Description 


The DM77/87SR476 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers on-chip. This device is organized as 512 
words by 8-bits and is available in the TRI-STATE® output 
version. Designed to optimize system performance, this 
device also substantially reduces the cost and size of 
pipelined microprogrammed systems and other designs 
wherein accessed PROM data is temporarily stored in a 
register. The DM77/87SR476 also offers maximal flexibil- 
ity for memory expansion and data bus control by provid- 
ing both synchronous and asynchronous output ena- 
bles. All outputs will gojnto the “OFF” state if the syn- 
chronous chip enable (GS) is high before the rising edge 
of the clock, or if the asynchronous chip enable (G) is 
held high. The outputs are enabled when GS is brought 
low before the rising edge of the clock and G is held low. 
The GS flip-flop is designed to power up to the “OFF” 

state with the application of V C c- 

Data is read from the PROM by first applying an address 
to inputs A0-A8. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output if the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

The DM77SR476also features an initialize function, I NIT. 

TRI-STATE® Is a registered trademark of National Semiconductor Corp. 

TRI-SAFETM is a trademark of National Semiconductor Corp. 

Block and Connection Diagrams 


The initialize function provides the user with an extra 
word of programmable memory which is a ccessed with 
single pin control by applying a low on I NIT. The initialize 
function is asynchronous and is loaded into the output 
register whe n iN IT is brought low. The unprogrammed 
state of the INIT is all lows, which makes it compatible 
with the CLEAR function on the AM27S25. PS loads ones 
into the output registers when brought low. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 

■ Functionally compatible with AM27S25 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable asynchronous INITIALIZE (SR476 only) 

■ 24-pin, 300 mil thin-dip package 

■ 35ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE outputs 

■ Low voltage TRI-SAFE™ programming 

■ All parameters guaranteed over temperature 

■ Preset input 



A7 

1* 


24 

A6 

2 


23 

A5 

3 


22 

A 4 

4 


21 

A3 — 

5 


20 

A2 — 

6 

DM77SR476 

DM77SR25 

19 

Al 

7 


18 

Ao — 

8 


17 

00 — 

9 


16 

Ql — 

10 


15 

02 — 

11 


14 

GND — 

12 


13 


8-BIT EDGE-TRIGGERED REGISTER 


7 Jr j 


Qq Ql 02 03 04 05 06 0? 


*CLR only on DM77/87SR25 tl/lsi; 

Order Number DM77SR476J, 
DM77SR25J, DM77/87SR476N, 
DM77/87SR25N, DM77SR476BJ, 
DM77SR25BJ, DM77/87SR476BN 
or DM77/87SR25BN 
See NS Package J24F or N24C 


21-20 



DC Electrical Characteristics (Note 3) 

Symbol 

Parameter 

Conditions 

DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 

. __ 

IMI 

KB3 

Max. 


ms 

Max. 

■ mm 

Input Load Current 

V cc = Max., V| N = 0.45V 

■1 

E3 

-250 

warn 



pA 

15 

Input Leakage Current 

Vqc = Max., V| N = 2.7V 



25 



25 

mA 

V cc = Max., V, N = 5.5V 



1.0 



1.0 

mA 

V 0L 

Low Level Output Voltage 

V C c = Min., loL = 16mA 

| 


0.50 

wmtt 


0.45 

•V 

V,L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


m a 



esi§ 



V 

!oz 

Output Leakage Current 

Vcc = Max., Vcex = 2.4V 



50 



50 

ha 

V C 

Input Clamp Voltage 

Vcc = Min., I, N =-l8mA 

■■ 

ES 

-1.2 

■■ 

SO 

-1.2 

V 

c. 

Input Capacitance 

V cc = 5.0, V,n = 2.0V 
T a = 25°C, 1MHz 


4.0 



4.0 


pF 

C 0 

Output Capacitance 

V cc = 5.0V, V 0 = 2.0V 

T a = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

■cc 

Power Supply Current 

Vcc = Max., Inputs Grounded 
All Outputs Open 


135 

185 


135 

185 

mA 

, TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

V o = 0V, V C c = Max. 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

!oz 

Output Leakage 
(TRI -STATE) 

V cc = Max., V 0 = 0.45 to 2.4V 
Chip Disabled 

-50 


+50 

-50 


+50 

fuA 

V OH 

Output Voltage High 

Ioh =~2.0mA 

EH 

3.2 





V 

l 0H = -6.5mA 




ESI 

3.2 


V 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V CC = 5.0V and T A = 25°C. 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

Switching Characteristics 

Symbol 

Parameter 

DM77SR476, 476B 
DM77SR25, 25B 

DM87SR476, 476B 
DM87SR25, 25B 

Units 

Min. 

Typ. 

Max. 


Typ. 

Max. 

tS(A) 

Address to CLK (High) Setup Time 

SR476, SR25 

55 

20 

1 1 

1 

20 


ns 



20 

■ | 


20 


l H(A) 

Address to CLK (High) Hold Time 

0 

-5 


0 

-5 


ns 

tpHL(CLK) 

tpLH(CLK) 

Delay from CLK (High) to Output 
(High or Low) 

SR476, SR25 


mm 

mm 


15 

mm 

ns 

SR476B, SR25B 


15 

Ei 


15 

El 

twH(CLK) 

twL(CLK) 

CLK Width (High or Low) 

25 



25 

13 


ns 

tS(GS) 

GS to CLK (High) Setup Time 

10 

0 



0 


ns 

t|H(GS) 

GS to CLK (High) Hold Time 

5 

0 


5 

0 


ns 

tpLH(PS) 






20 

25 

ns 

t plh(TnTt) 
^phl(IKmt) 

Delay from INIT (Low) to Output (Low or High) 


20 

30 


20 

25 

ns 

*WL(PS) 

PS Pulse Width (Low) 

15 

■a 


m 

■a 


ns 

t wl(TnTt) 

INIT Pulse Width (Low) 

15 

■a 


: 

10 



*S(PS) 

PS Recovery (High) to CLK (High) 

25 



mm 

■a 

| H 

ns 

tstTW) 

INIT Recovery (High) to CLK (High) 

25 

10 


20 

10 


ns 

tpZL(CLK) 

tpZH(CLK) 

Delay from CLK (High) to Active Output (High or Low) 


20 

35 


20 

30 

ns 

tpZL<G) 

IPZH(G) 

Delay from G (Low) to Active Output (Low or High) 


15 

30 


15 

25 

ns 

tpLZ(CLK) 

IpHZ(CLK) 

Delay from CLK (High) to Inactive Output (TRI-STATE) 


20 

35 


20 

30 

ns 

tpLZ(G) 

tpHZ(G) 

Delay from G (High) to Inactive Output (TRI-STATE) 

■ 

a 

30 


15 

25 

ns 
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DM77/87SR476, DM77/87RS25, DM77/87SR476B, DM77/87SR25B 










































































































































































DM54/74S572, DM54/74S573, DM54/74S572A, 
DM54/74S573A, DM54/74S573B 


National Bipolar PROMs 

Semiconductor 

DM54/74S572, DM54/74S573; DM54/74S572A, 
DM54/74S573A; DM54/74S573B 
(1024 x 4) 4096-Bit TTL PROMs 

General Description 

These Schottky memories are organized in the popular 
1024 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the 
“OFF” or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 25ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 




Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM74S572 


X 

X 


N,J 

DM74S573 


X 


X 

N,J 

DM54S572 

X 


X 


J 

DM54S573 

X 



X 

J 


Block and Connection Diagram 


■ 

• 

■ 

■ 

■ 

1 

64 

R 

1 

4096-BIT ARRAY 
64x64 

MEMORY MATRIX 


El 


A 


A 


A 


u 


H 

■ 

■ 

■ 

y 

■ 

■ 

u 


■■■■■■ 

• 


■ 

■■ 

■ 

■■ 

■ 

■■ 

■ 

■■ 

1 

■ 

| 


I 


I 

■ 

I 

WM 

| 






■ 


■ 


1 

■ 

1 

mi 

I 

mi 

■ 


■ 

mu 


m “ n - 

GATE Q4 q3 02 01 


Order Number; 

DM74S572 J, DM74S573 J, 
DM54S572 J, or DM54S573 J 
See NS Package-J18A 



Order Number; 

DM74S572 N or DM74S573 N 
See NS Package N18A 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

Conditions 

IlL 

Input Load Current 

Vcc = Max, V| N = 0.45V 

l|H 

Input Leakage Current 

V C c = Max, Vin = 2.7 V 

V CC = Max, Vin = 5.5V 

VOL 

Low Level Output Voltage 

Vcc = Min, Iol = 16mA 

V|L 

Low Level Input Voltage 


V, H 

High Level Input Voltage 


bz 

Output Leakage Current 
(Open-Collector Only) 

V cc = Max, V CE x = 2.4V 

Vcc = Max, Vcex = 5.5V 

V C 

Input Clamp Voltage 

Vcc = Min, I|n = -18mA 

c. 

Input Capacitance 

V CC = 5.0, V,m = 2.0V 
T A = 25C, 1MHz 

Co 

Output Capacitance 

V C c = 5.0V, Vo = 2.0V 
T a = 25C, 1MHz, Outputs Off 

Icc 

Power Supply Current 

Vcc = Max, Inputs Grounded 
All Outputs Open 



TRI-STATE® Parameters 


tas 

Short Circuit 
Output Current 

Vo — 0V, Vcc — Max 
(Note 4) 

•oz 

Output Leakage 

V CC = Max, V 0 = 0.45 to 2.4V 


(TRI-STATE) 

Chip Disabled 

Vqh 

Output Voltage High 

Ioh = -2.0mA 



Iqh ~ 6.5mA 



AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S572/573 

DM74S572/573 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

Address Access Time 

TAVQV 



El 


mm 

mm 

ns 

TEA 

Enable Access Time 

TEVQV 


— 

mm 


HI 

El 

ns 

TER 


TEXQX 


mum 

mm 


wzw 

Hi 

ns 

TZX 

Output Enable Time 

TEVQX 


mem 

mm 


mum 

mtvm 

ns 

TXZ 

Output Disable Time 

TEXQZ 


Bl 

msm 


HI 

El 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Sym 

Parameter 

JEDEC Symbol 

DM54S572A/573A, B 

DM74S572A/573A, B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

MW 

Address Access Time 

TAVQV 

572A/573A 


25 

60 


25 

45 

ns 




573B 


25 

50 


25 

35 

ns 


Enable Access Time 

TEVQV 


15 

35 


15 

25 

ns 

ter 

Enable Recovery Time 

TEXQX 


15 

35 


15 

25 

ns 

TZX 

Output Enable Time 

TEVQX 


15 

35 


15 

25 

ns 

TXZ 

Output Disable Time 

TEXQZ 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and T A = 25C. 
Note 4: During l 0 s measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 



21-23 


DM54/74S572, DM54/74S573, DM54/74S572A, 
DM54/74S573A, DM54/74S573B 
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National 

Semiconductor 


Bipolar PROMs 


DM77/87S1 80/ DM77/87S181 ; DM77/87S1 81 A; 
DM77/87S280/ DM77/87S281; DM77/87S281 A 
(1024 x 8) 8192-Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. The memories are avail- 
able in both open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 35ns typ 
Enable access— 15ns typ 
Enable recovery— 15ns typ 

■ PNP inputs for reduced input loading 

■ Ali DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

24-Pin 

Standard 

24-Pin 

Narrow-Dip 

DM87S180 


X 

X 


N,J 

X 


DM87S181 


X 


X 

N,J 

X 


DM77S180 

X 


X 


J 

X 


DM77S181 

X 



X 

J 

X 


DM87S280 


X 

X 


N,J 


X 

DM87S281 


X 


X 

N,J 


X 

DM77S280 

X 


X 


J 


X 

DM77S281 

X 



X 

J 


X 


Block and Connection Diagram 




Q8 Q7 Q6 05 04 03 03 01 


Order Number, 

DM87S1S0 J, DM87S181 J, 
DM77S180 J, DM77S181 J 
See NS Package J24A 


Order Number. 

DM87S280 J, DM87S281 J, 
DM77S280 J, DM77S281 J 
See NS Package J24C 


Order Number; 

DM87S180 N or DM87S181 N 
See NS Package N24A 


Order Number v 

DM87S280 N, or DM87S281 N 
See NS Package N24C 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

IlL 

Input Load Current 

l|H 

Input Leakage Current 

_i 

O 

> 

Low Level Output Voltage 

V| L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

■oz 

Output Leakage Current 
(Open-Collector Only) 

Vc 

Input Clamp Voltage 

Ci 

Input Capacitance 

Co 

Output Capacitance 

■cc 

Power Supply Current 


Conditions 


V cc = Max, V|N = 0.45V 


V C c = Max, Vin = 2.7V 


V C c = Max, V| N = 5.5V 


Vqc — Min, Iql — 16mA 


Vcc = Max, V C ex = 2.4V 


V CC = Max, V C ex = 5.5V 


Vcc = Min, l|N = -18mA 


V CC = 5.0, Vin = 2.0V . 
T A = 25C, 1MHz 


V C c = 5.0V, V 0 = 2.0V 
Ta = 25C, 1MHz, Outputs Off 


Vcc = Max, Inputs Grounded 
All Outputs Open 


DM77S180/181 

DM77S280/281 


Min 


DM87S180/181 

DM87S280/281 





D O 


■Vj »Nl 

oo oo 

-Nl -vj 

(/) C/) 

N> -*> 
oo oo 
-*■ o 


hi 2 
2 00 


los Short Circuit 
Output Current 


loz Output Leakage 
(TRI-STATE) 


Vqh Output Voltage High 


V 0 = OV, V C c = Max 
(Note 4) 


V C c = Max, V 0 = 0.45 to 2.4V 
Chip Disabled 


Iqh = -2.0mA 


Iqh = 6.5mA 


-20 


-70 

-20 


-70 

mA 



+50 



+50 

mA 



-50 



-50 

mA 

\ma 

3.2 





V 




2.4 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 



TAAl Address Access Time 


Enable Access Time 


TER | Enable Recovery Time 


Output Enable Time 


TXZ 


DM77S180/181 DM87S180/181 

DM 77S280/281 DM87S280/281 Units 

Typ I Max Min I Typ I Max 



AC Electrical Characteristics (With Standard Load and Operating Conditions) 


DM77S181A 



DM87S181A 


JEDEC Symbol 


Min Typ Max Min Typ Max 


Parameter 


TAA Address Access Time 


Enable Access Time 


TER 


TZX Output Enable Time 


TXZ Output Disable Time 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5.0V and T A = 25C. 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87LS181 




National 

Semiconductor 


DM77/87LS181 

(1024 X 8) 8192-Bit TTL PROMs 


Bipolar PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
1024 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 8 outputs go to the 
“OFF’ or high impedance state. The memories are avail- 
able in TRI-STATE® versions. 

PROMs are shipped from the factory with lows in ail 
locations. A high may be programmed into any selected 
location by following the programming instructions. 


■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access— 100ns typ 
Enable access— 35ns typ 
Enable recovery— 35ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87LS181 


X 


X 

N,J 







DM77LS181 

X 



X 

J 


Block and Connection Diagram 



08 07 06 05 04 03 02 01 



Order Number; 
DM87LS181-J, 
or DM77LS181-J 
See NS Package J24A 


Order Number, 
DM87LS181-N 
See NS Package N24A 
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DC Electrical Characteristics (Note 3) 


Sym 

Parameter 

IlL 

Input Load Current 

1 IH 

Input Leakage Current 

VOL 

Low Level Output Voltage 

V|L 

Low Level Input Voltage 

V|H 

High Level Input Voltage 

V C 

Input Clamp Voltage 

H 

Input Capacitance 

Co 

Output Capacitance 

■cc 

Power Supply Current 


DM77LS181 


DM87LS181 


Conditions 


V C c = Max, Vim = 0.45V 


V C c = Max, V|n = 5.5V 


Vcc = Min, loL = 8mA 


Vcc = Min, I|n = -18mA 


V CC = 5.0, V, N = 2.0V 
T a = 25C, 1MHz 


V CC = 5.0V, V 0 = 2.0V 
Ta = 25C, 1MHz, Outputs Off 


Vcc = Max, inputs Grounded 
All Outputs Open 


Min Typ Max Min Typ Max 


-150 -100 



-100 m A 


50 m A 


0.45 V 


0.80 V 




tas 

Short Circuit 
Output Current 

Vq i = 0V, V C c = Max 
(Note 4) 

taz 

Output Leakage 
(TRI-STATE) 

V CC = Max, V 0 = 0.5 to 5.5V 
Chip Disabled 

X 

o 

> 

Output Voltage High 

Ioh = - 1 0mA 
Iqh = 16mA 

AC Electrical Characteristics (With specified Load* a 

Sym 

Parameter 

JEDEC Symbol 

TAA 

Address Access Time 

TAVQV 

■Q3S 

Enable Access Time 

TEVQV 

TER 

Enable Recovery Time 

TEXQX 

~^T7X 

Output Enable Time 

TEVQX 

TXZ 

Output Disable Time 

TEXQZ 


-10 


-70 

-10 


-85 

mA 



+50 



+40 

mA 



-50 



-40 

mA 


DM77LS181 


DM87LS181 


Min Typ Max Min Typ Max 





Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V cc = 5.0V and T A = 25C. 
Note 4: Ouring l 0 s measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

* O Vcc 


21-27 


DM77/87LS181 





























































































































DM77/87SR181 


National 
Semiconductor 

DM77/87SR181 

(1024 x 8) 8k-Bit Registered TTL PROM 



Bipolar PROMs 


General Description 

The DM77/87SR181 is an electrically programmable 
Schottky TTL read-only memory with D-type, master- 
slave registers on chip. This devices is organized as 
1024-words by 8-bits and is available in the tri-state out- 
put version. Designed to optimize system performance, 
this device also substantially reduces the cost and size 
of pipelined microprogrammed systems and other 
designs wherein accessed PROM data is temporarily 
stored in a register. The DM77/87SR181 also offers maxi- 
mal flexibility for memory expansion and data bus con- 
trol by providing both synchronous and asynchronous 
output enables. All outputs will gomto the “OFF” state if 
the synchronous chip enable (GS) is high before the 
rising edge of the clock, or if the asynchronous chip 
enable (G) is held high. The outputs are enabled whenGS 
is brought low before the rising edge of the clock and G is 
held low. The GS flip-flop is designed to power up to the 
“OFF” state with the application of V cc . 

Data is read from the PROM by first applying an address 
to inputs A0-A9. During the setup time the output of the 
array is loaded into the master flip-flop of the data regis- 
ter. During the rising edge (low to high transition) of the 
clock, the data is then transferred to the slave of the flip- 
flop and will appear on the output if the output is en- 
abled. Following the rising edge clock transition the ad- 
dresses and synchronous chip enable can be removed 
and the output data will remain stable. 

TRI-STATE* is a registered trademark of National Semiconductor Corp. 
TRI-SAFETM )s a trademark of National Semiconductor Corp. 


The DM77SR181 also features an initialize function INIT. 
The initialize function provides the user with an extra 
word of programmable memory whic h is a ccessed with 
single pin control by applying a lowon INIT. The initialize 
function is synchronous and is loaded into the output 
register on the next risin g ed ge of the clock. The 
unprogrammed state of the INIT is all lows. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. Once 
programmed, it is impossible to go back to a low. 

Features 

■ On-chip, edge-triggered registers 

■ Synchronous and asynchronous enables for word 
expansion 

■ Programmable register INITIALIZE 

■ 24-pin, 300 mil package 

■ 40ns address setup and 20ns clock to output for 
maximum system speed 

■ Highly reliable, titanium tungsten fuses 

■ TRI-STATE® outputs 

■ Low voltage TRI-SAFE™ programming 

■ All parameters guaranteed over temperature 


Block Diagram 


INIT 


GS 
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DC Electrical Characteristics (Note 3) 



Parameter 


Input Load Current 


Input Leakage Current 


Low Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Output Leakage Current 


Conditions 


V cc = Max., V| N = 0.45V 


V cc = Max., V|n = 2.7V 


V cc = Max., V| N = 5.5V 


Vcc = Min., Iql = 16mA 


Vcc = Max., Vcex : 2.4V 


DM77SR181 





DM87SR181 


Max. 


-250 


25 


1.0 





V C 

Input Clamp Voltage 

Vcc = Min., I| N = -18mA 


Biia 

-1.2 


ED 

-1.2 

V 

c. 

Input Capacitance 

V cc = 5.0, V|n = 2.0V 
T a = 25°C, 1MHz 


4.0 



4.0 


PF 

C 0 

Output Capacitance 



6.0 



6.0 


PF 

•cc 

Power Supply Current 

Vcc = Max., Inputs Grounded 
All Outputs Open 


115 

175 


115 

175 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current 

V 0 = 0 V, Vcc = Max. 
(Note 4) 

-20 


-70 

-20 


-70 

mA 

>oz 

Output Leakage 
(TRI-STATE) 

V cc = Max., V 0 = 0.45 to 2.4V 
Chip Disabled 

-50 





+50 

mA 

Voh 

Output Voltage High 

Ioh = —2.0mA 

MM 

3.2 





V 

l 0H = -6.5mA 




MM 



V 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for V CC = 5.0V and T A = 25°C. 
Note 4: During l os measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


Switching Characteristics 


Symbol 

Parameter 

t S(A) 

Address to CLK (High) Setup Time 

l H(A) 

Address to CLK (High) Hold Time 

ts(INIT) 

1 NIT to CLK (High) Setup Time 

Ih(init) 

IN IT to CLK (High) Hold Time 

tpHL(CLK) 

Delay from CLK (High) to Output 
(High or Low) 

twH(CLK) 

IWL(CLK) 

CLK Width (High or Low) 

ts(GS) 

GS to CLK (High) Setup Time 

iH(GS) ' 

GS to CLK (High) Hold Time 

tpZL(CLK) 

Delay from CLK (High) to Active 

tpZH(CLK) 

Output (High or Low) 

1pZL(G) 

Delay from G (Low) to Active 

tpZH(G) 

Output (High or Low) 

tpLZ(CLK) 

Delay from CLK (High) to Inactive 

tpHZ(CLK) 

Output (TRI-STATE) 

tpLZ(G) 

Delay from G (High) to Inactive 

tpHZ(G) 

Output (TRI-STATE) 


Conditions 


DM77SR181 


DM87SR181 



C L = 30pF 


C L = 5pF (Note 1) 


20 


IBS 

20 

25 

20 

30 


20 

25 

15 

30 


15 

25 

15 

30 


15 

25 

20 

30 


20 

25 

20 

30 


20 

25 

15 

30 


15 

25 

15 

30 


15 

25 
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DM77/87S184, DM77/87S185, DM77/87S185A, DM77/87S185B 



National 

Semiconductor 


Bipolar PROMs 


DM77/87S184, DM77/87S185, DM77/87S185A, 
DM77/87S185B (2048X4) 8192-Bit TTL PROMs 


General Description 

These Schottky memories are organized in the popular 
2048 words by 4 bits configuration. A memory enable input 
is provided to control the output states. When the device is 
enabled, the outputs represent the contents of the selected 
word. When disabled, the 4 outputs go to the "OFF” or high 
impedance state. The memories are available in both open- 
collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


Features 

■ Advanced titanium-tungsten (Ti-W) fuses 

■ Schottky-clamped for high speed 

Address access — 35 ns max (B Version) 
Enable access — 15 ns typ 
Enable recovery — 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

DM87S184 


X 

X 


N,J 

DM87S185 


X 


X 

N,J 

DM77S184 

X 


X 


J 

DM77S185 

X 



X 

J 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFEtm and STARPLEXtm are trademarks of National Semiconductor Corp. 

Block and Connection Diagram 


A10 

A3 

A2 

A1 

AO 



Q1 

TL/L/5279-1 


A6 

A5 

A4 

A3 

AO 

A1 

A2 

A10 

GND 


TOP VIEW 

TL/L/5279-2 


i 

TT 

18 

2 


17 

3 


16 

4 


15 

5 


14 

6 


13 

7 


12 

8 


11 

9 


10 
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DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

DM77S184/185 

DM87S184/185 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

IlL 

Input Load Current 

Vcc Max, V|n = 0.45V 


-80 

-250 


-80 

-250 

fiA 

>IH 

Input Leakage Current 

Vcc = Max, V| N = 2.7V 



25 



25 

fJL A 

V C c = Max, V|n = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

Vcc = Min, Iol 16 mA 


0.35 

0.50 


0.35 

0.45 

Si 

V| L 

Low Level Input Voltage 




0.80 



0.80 

■9 

V|H 

High Level Input Voltage 


2.0 



2.0 



wm 

loz 

Output Leakage Current 
(Open-Collector Only) 

Vcc = Max, Vcex - 2.4V 



50 



50 

fiA 

Vcc = Max, Vcex = 5.5V 



100 



100 

pA 

Vc 

Input Clamp Voltage 

Vcc = Min, I|n = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

V C c = 5.0, V| N = 2.0 V 
T a = 25C, 1 MHz 


4.0 



IB 


PF 

c 0 

Output Capacitance 

V C c = 5.0V, V 0 = 2.0V 
T a = 25C, 1 MHz, Outputs Off 


6.0 



6.0 


PF 

■cc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


100 

140 


100 

140 

mA 

TRI-STATE Parameters 

los 

Short Circuit 
Output Current : 

Vo = 0V, Vcc = Max 
(Note 4) 

-20 

■ 

-70 

-20 

IS 

-70 

a 

<oz 

Output Leakage 
(TRI-STATE) 

Vcc = Max, Vq = 0.45 to 2.4V 
Chip Disabled 

-50 

■ 

+ 50 

-50 

■ 

+ 50 

ji.A 

VOH 

Output Voltage High 

Ioh = — 2.0 mA 


3.2 





u 

Iqh = —6.5 mA 




■El 

3.2 


SB 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 


JEDEC Symbol 


Parameters 


DM77S184/185 


Min 


Typ 


Max 


DM87S184/185 


Min 


Typ 


Max 


Units 


TAA 


TAVQV 


Address Access Time 


40 


70 


40 


55 


TEA 


TEVQV 


Enable Access Time 


15 


30 


15 


25 


TER 


TEXQX 


Enable Recovery Time 


15 


30 


15 


25 


T2X 


TEVQX 


Output Enable Time 


15 


30 


15 


25 


TXZ 


TEXQZ 


Output Disable Time 


15 


30 


15 


25 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


Symbol 

JEDEC Symbol 

Parameters 

DM77S185A/B 

DM87S185A/B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

TAA 

TAVQV 

185A 

Address Access Time 


30 

60 


30 

45 

ns 

185B 


25 

50 


25 

35 

ns 

TEA 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

TER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

TZX 

TEVQX 

Output Enable Time 


15 

30 . 


15 

25 

ns 

TXZ 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless otherwise. All typical values are for Vcc = 5.0V and T* = 25C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S184, DM77/87S185, DM77/87S185A, DM77/87S185B 

























































































































































































































DM77/87S190, 190 A, 190B, 191, 191 A, 191B, 
290, 290 A, 290B, 291, 291 A; 291 B 



National 

Semiconductor 


Bipolar PROMs 


DM77/87S190, DM77/87S191; DM77/87S290, 
DM77/87S291; DM77/87S190A, DM77/87S191A; 
DM77/87S290A, DM77/87S291A; DM77/87S190B, 
DM77/87S191B; DM77/87S290B, DM77/87S291B 
(2048X8) 16,384-Bit TTL PROMs 

Features 

■ Advanced tungsten (W) fuses 

■ Schottky-clamped for high speed 
Address access — 35 ns max (B version) 
Enable access — 15 ns typ 
Enable recovery — 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFEtm programming 



Military 

Commercial 

Open- 

Collector 

TRI-STATE 

Package 

24-Pin 

Standard 

24-Pin 

Thln-Dip 

DM87S190 


X 

X 


N,J 

X 


DM87S191 


X 


X 

N,J 

X 


DM77S190 

X 


X 


J 

X 


DM77S191 

X 



X 

J 

X 


DM87S290 


X 

X 


N,J 


X 

DM87S291 


X 


X 

N,J 


X 

DM77S290 

X 


X 


J 


X 

DM77S291 

X 



X 

J 


X 


General Description 

These Schottky memories are organized in the popular 
2048 words by 8 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the select- 
ed word. When disabled, the 8 outputs go to the “OFF" or 
high impedance state. The memories are available in both 
open-collector and TRI-STATE® versions. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected location 
by following the programming instructions. 


TRI-STATE® Is a registered trademark of National Semiconductor Corporation 
TRI-SAFEtm and STARPLEXtm are trademarks of National Semiconductor Corporation 
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AC Electrical Characteristics (With Standard Load and Operating Conditions) 


JEDEC Symbol 

Sym 

Parameter 

DM77S190/191 

DM77S290/291 

DM87S190/191 

DM87S290/291 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


TAVQV 

1 91 A 

Ua 

Address Access Time 


35 

60 


35 

45 

ns 


191 B 




30 

30 


30 

35 

ns 

TEVQV 

*EA 

Enable Access Time 


15 

35 


15 

30 

ns 

TEXQX 

l ER 

Enable Recovery Time 


15 

35 


15 

30 

ns 

TEVQX 

WM 



15 

35 


15 

30 

ns 

TEXQZ 


Output Disable Time 


15 

35 


15 

30 

ns 


DC Electrical Characteristics (Note 3) 


Symbols 

Parameter 

Condition 

DM77S190/191 

DM77S290/291 

DM87S190/191 

DM87S290/291 

Units 




Min 

Typ 

Max 

Min 

Typ 

Max 


■iL 

Input Load Current 

V C c = Max, V|n = 0.45V 


-80 

-250 


-80 

-250 

jxA 

l|H 

Input Leakage Current 

V C c = Max, V| N = 2.7V 



25 



25 

jxA 



V C c = Max, V|n = 5.5V 



1.0 



1.0 

mA 

V OL 

Low Level Output Voltage 

V C c = Min, Iol =16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

loz 

Output Leakage Current 

Vcc = Max, Vcex = 2.4V 



50 



50 

fiA 


(Open-Collector Only) 

Vcc = Max, Vqex = 5.5V 



100 



100 

fiA 

Vc 

Input Clamp Voltage 

Vcc = Min, Iin = —18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C| 

Input Capacitance 

V CC = 5.0V, V, N = 2.0V 
T a = 25°C, 1 MHz 


4.0 



4.0 


PF 

Co 

Output Capacitance 

Vcc = 5,0V, V 0 = 2.0V 
T a = 25°C, 1 MHz, Outputs Off 


6.0 



6.0 


pF 

<cc 

Power Supply Current 

Vcc = Max, Input Grounded 
All Outputs Open 


120 

175 


120 

175 

mA 

TRI-STATE Parameters 

>os 

Short Circuit 
Output Current 

Vq = 0V, Vcc = Max 
(Note 4) 

-20 

■ 

-70 

-20 


-70 

mA 

•oz 

Output Leakage 
(TRI-STATE) 

V C c = Max, V 0 = 0.45V to 2.4V 
Chip Disabled 

-50 


50 

-50 


50 

fiA 

VOH 

Output Voltage High 

Ioh —2.0 mA 

Q 

3.2 





V 



Iqh = —6.5 mA 




El 

3.2 


V 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


JEDEC Symbol 

Sym 

Parameter 

DM77S191A/B 

DM77S291A/B 

DM87S191A/B 

DM87S291A/B 

Units 





Min 

Typ 

Max 

Min 

Typ 

Max 


TAVQV 

191A/291A 

m 

Address Access Time 


30 

60 


30 

45 

ns 


191B/291B 




30 

50 


— 

35 

ns 

TEVQV 

m 

Enable Access Time 


15 

35 


15 

25 

ns 

TEXQX 


Enable Recovery Time 


15 

35 


15 

25 

ns 

TEVQX 

S3 

Output Enable Time 


15 

35 


15 

25 

ns 

TEXQZ 

BS 

Output Disable Time 


15 

35 


15 

25 

ns 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5-0V arid T A = 25'C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S190, 190A, 190B, 191, 191 A, 191B 
290, 290A, 290B, 291, 291 A, 291 B 

























































































































































































































DM77/87S195A, DM77/87S195B 



National 

Semiconductor 


Bipolar PROMs 

PRELIMINARY 


DM77S195A/ DM87S1 95A, DM77S1 95B/ DM87S1 95B 
(4096 x 4) 16,384-Bit TTL PROM 


General Description 

These Schottky memories are organized in the popular 
4096 words by 4 bits configuration. Memory enable inputs 
are provided to control the output states. When the device 
is enabled, the outputs represent the contents of the 
selected word. When disabled, the 4 outputs go to the OFF 
or high impedance state. The memories are available in 
TRI-STATE® version only. 

PROMs are shipped from the factory with lows in all loca- 
tions. A high may be programmed into any selected loca- 
tion by following the programming instructions. 


Features 

■ Advanced tungsten (W) fuse technology 

■ Schottky-clamped for high speed 

Address access— 30 ns typ 
Enable access— 15 ns typ 
Enable recovery— 15 ns typ 

■ PNP inputs for reduced input loading 

■ All DC and ACparametersguaranteedovertemperature 

■ Low voltage TRI-SAFE™ programming 



Military 

Commercial 

TRI-STATE 

Package 

DM87S195A/B 



X 

N,J 

DM77S195A/B 

X 


X 

J 


Block and Connection Diagrams 



Q4 Q3 QZ Q1 


TL/L/5247-1 


Dual-In-Line Package 



TRI-STATE® is a registered trademark of National Semiconductor Corp. 
TRI-SAFE™ is a trademark of National Semiconductor Corp. 
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DC Electrical Characteristics (Note 3) 



Parameter 

Conditions 

DM77S195A/B 

DM87S195A/B 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

1 IL 

Input Load Current 

V cc = Max, V| N = 0.45V 


-80 

-250 


-80 

-250 

fiA 

IlH 

Input Leakage Current 

V cc = Max, V, N = 2.7V 



25 



25 

nA 

V cc = Max, V, N = 5.5V 



1.0 



1.0 

mA 

VoL 

Low Level Output Voltage 

V cc = Min, I 0 l= 16 mA 


0.35 

0.50 


0.35 

0.45 

V 

V|L 

Low Level Input Voltage 


1 


0.80 



0.80 

V 

V,H 

High Level Input Voltage 


2.0 



2.0 



V 

V C 

Input Clamp Voltage 

V cc = Min, l| N = - 18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

c, 

Input Capacitance 

V cc = 5.0V, V| N = 2.0 V 
T a = 25°C, 1 MHz 

■ 

4.0 

■ 

■ 

4.0 

■ 

pF 

Co 

Output Capacitance 

V cc = 5.0V, V 0 = 2.0V 

T a = 25°C, 1 MHz, Outputs Off 

■ 

6.0. 

■ 

■ 

6.0 

■ 

pF 

Icc 

Power Supply Current 

V C c = Max, Inputs Grounded 
All Outputs Open 

■ 


170 

■ 

■ 

170 

mA 


TRI-STATE PARAMETERS 


B 

Short Circuit 
Output Current 

V o = 0V, V cc = Max 
(Note 4) 

-20 

ii 

-70 

-20 

M 

-70 

mA 


Output Leakage 

V cc = Max, V 0 = 0.45V to 2.4V 



+ 50 



+ 50 

/xA 


(TRI-STATE) 

Chip Disabled 



-50 



-50 

fiA 

I 

o 

> 

Output Voltage High 

Iqh = — 2.0 mA 

KJ 

3.2 


■ 



V 



Iqh = 6-5 mA 

Bi 



n 

3.2 


V 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and T A = 25°C. 
Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 


AC Electrical Characteristics (with standard load and operating conditions) 


Symbol 

Parameter 

DM77S195A/195B 

DM87S195A/195B 

Units 

Alternate 

JEDEC 

Standard 

Min 

Typ 

Max 

Min 

Typ 

Max 

Iaa 

TAVQV 

Address Access Time 

195A 


30 

60 


30 

45 

ns 

195B 


30 

50 


25 

35 

ns 

{ ea 

TEVQV 

Enable Access Time 


15 

30 


15 

25 

ns 

*ER 

TEXQX 

Enable Recovery Time 


15 

30 


15 

25 

ns 

tzx 

TEVQX 

Output Enable Time 


15 

30 


15 

25 

ns 

txz 

TEXQZ 

Output Disable Time 


15 

30 


15 

25 

ns 


ns 


DM77/87S195A, DM77/87S195B 




























































































































































DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 



National 

Semiconductor 

\ 


Bipolar PROMs 

PRELIMINARY 


DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 
(4096 x 8) 32,768- Bit TTL PROMs 


General Description 


Features 


These Schottky memories are organized in the popular 
4,096 words by 8-bits configuration. Memory enable in- 
puts are provided to control the output states. When the 
device is enabled, the outputs represent the contents of 
the selected word. When disabled, the eight outputs go 
to the “OFF” or high impedance state. 

PROMs are shipped from the factory with lows in all 
locations. A high may be programmed into any selected 
location by following the programming instructions. 

The DM77/87S321 and DM77/87S421 program the same 
as all other nonregistered PROMs from National. 


■ Advanced fuse technology 

■ Schottky-clamped for high speed 

Address access— 35 ns typ. 

Enable access — 20ns typ. 

Enable recovery — 20ns typ. 

■ PNP inputs for reduced input loading 

■ All DC and AC parameters guaranteed over 
temperature 

■ Low voltage TRI-SAFE™ programming 

■ Generic programming. 


TRI-STATE® Is a registered trademark of National Semiconductor Corp. 
TRl-SAFETM is a trademark of National Semiconductor Corp. 



Military 

Commercial 

TRI-STATE® 

Package 

DM87S321, A 


X 

X 

N.J 

DM77S321, A 

X 


X 

J 

DM87S421, A 


X 

X 

N,J* 

DM77S421, A 

X 

1 

X 

J* 


‘Thin-Dip (0.3") package 


Block and Connection Diagrams 




TL7L5149 
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DC Electrical Characteristics (Note 3) 


Symbol 



Parameter 


Input Load Current 


Input Leakage Current 


Low Level Output Voltage 


Low Level Input Voltage 


High Level Input Voltage 


Input Clamp Voltage 


Input Capacitance 


Output Capacitance 




TRI-STATE Parameters 


DM77S321/421 


Conditions 


V cc = Max., V, N = 0.45V 


V CC = Max., V| N = 2.7V 


V cc = Max., V| N = 5.5V 


Vcc = Min., Iql = 12mA 



los 

Short Circuit 
Output Current 

!oz 

Output Leakage 
(TRI-STATE) 

V OH 

Output Voltage High 


Vcc = Min., I| N = -18mA 


V cc = 5.0, V| N = 2.0V 
T a = 25°C, 1MHz 


V cc = 5.0V, Vq = 2.0V 

T a = 25°C, 1MHz, Outputs Off 


V cc = Max., 

All Outputs Open 


V o = 0V, V cc = Max. ' 
(Note 4) 


V cc = Max., V 0 = 0.45 to 2.4V 
Chip Disabled 


oh = -2.0mA 


l 0H = -6.5mA 



Max. 

Min. 

-250 


25 


1.0 


0.50 


0.80 



2.0 

-1.2 






185 



-70 

-20 

+50 

-50 




E3 


DM87S321/421 


-80 -250 pA 


25 pA . 


1.0 mA 


0.35 0.45 V 


0.80 V 


V 


-0.8 -1.2 V 


135 185 




AC Electrical Characteristics (With Standard Load and Operating Conditions) 


DM77S321/421 


DM87S321/421 


Symbol 

Parameter 

JEDEC Symbol 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Taa 

Address Access Time 

TAVQV 


40 

65 


40 

55 

ns 

mm 

Enable Access Time 

TEVQV 


20 

35 


20 

30 

ns 

Ter 

Enable Recovery Time 

TEXQX 


20 

35 


20 

30 

ns 

Tzx 

Output Enable Time 

TEVQX 


20 

35 


20 

30 

ns 



TEXQZ 


20 

35 


20 

30 

ns 


AC Electrical Characteristics (With Standard Load and Operating Conditions) 


J AA Address Access Time 
Enable Access Time 
i Enable Recovery Time 

T Z x Output Enable Time 

Output Disable Time 


JEDEC Symbol 


TAVQV 

TEVQV 

TEXQX 

TEVQX 

TEXQZ 


DM77S321A/421A DM87S321A/421A 


Min. Typ. Max. Min. Typ. Max. 


Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5.0V and 
T a = 25°C. 

Note 4: During Iqs measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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DM77/87S321, DM77/87S421; DM77/87S321A, DM77/87S421A 































































































































































Non -Registered PROM Programming Procedure 


Non-Registered PROM Programming Procedure 

National Schottky PROMs are shipped from the factory with all fuses intact. As a result, the outputs will be low 

(logical “0”) for all addresses. To generate high (logical “1”) levels at the outputs, the device must be programmed. 

Information regarding commercially available programming equipment may be obtained from National. If it is 

desired to build your own programmer, the following conditions must be observed: 

1. Programming should be attempted only at ambient temperatures between 15 and 30 degrees Celsius. 

2. Address and enable inputs must be driven with TTL logic levels during programming and verification. 

3. Programming will occur at the selected address when Vcc is at 10.5 volts, and at the selected bit location when 
the output pin, representing that bit, is at 10.5 volts, and the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following procedure must be followed: 

a) Select the desired word by applying high or low levels to the appropriate address inputs. Disable the device by 
applying a high level to one or more “active low” chip enable inputs. 

b) Increase Vcc frarn nominal to 10.5 volts (plus or minus 0.5V) with a slew rate between 1.0 and 10.0V//*s. Since 
Vcc is the source of the current required to program the fuse as well as the Ice tor the device at the 
programming voltage, it must be capable of supplying 750mA at 11.0 volts. 

c) Select the output where a logical high is desired by raising that output voltage to 10.5 volts (plus or minus 0.5V). 
Limit the slew rate from 1 .0 to 10.0V//us. This voltage change may occur simultaneously with the increase in 
Vcc. but must not precede it. It is critical that only one output at a time be programmed since the internal 
circuits can only supply programming current to one bit at a time. Outputs not being programmed must be left 
open or connected to a high impedance source of 20kfl minimum (Remember that the outputs of the device 
are disabled at this time). 

d) Enable the device by taking the chip enable(s) to a low level. This is done with a pulse of 10ps. The lO^s 
duration refers to the time that the circuit (device) is enabled. Normal input levels are used and rise and fall 
times are not critical. 


e) Verify that the bit has been programmed by first removing the programming voltage from the output and then 
reducing Vcc to 4.0 volts (plus or minus 0.2V). Verification at a Vcc level of 4.0 volts will guarantee proper 
output states over the Vcc and temperature range of the programmed part. The device must be enabled to 
sense the state of the outputs. During verification, the loading of the output must be within specified Iql and 
Ioh limits. Steps b, c, and d must be repeated up to 10 times or until verification that the bit has been pro- 
grammed. 

f) Following verification, apply five additional programming pulses to the bit being programmed. The program- 
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be programmed to a high level. If the procedure is performed on an 
automatic programmer, the duty cycle of Vcc at fbe programming voltage must be limited to a maximum of 
25%. This is necessary to minimize device junction temperatures. After all selected bits are programmed, the 
entire contents of the memory should be verified. 

Note: Since only an enabled device is programmed, it is possible to program these parts at the board level if all 
programming parameters are complied with. 
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Programming Parameters Do not test or you may program the device 


Sym 

Parameters 

Conditions 

Min 

Recommended 

Value 

Max 

Units 

Vccp 

Required Vcc for Programming 


10.0 

10.5 

11.0 

V 

•ccp 

Ice During Programming 

V CC =11V 



750 

mA 

v OP 

Required Output Voltage for 
Programming 


10.0 

10.5 

11.0 

V 

•op 

Output Current while 
Programming 

< 

o 

c 

H 

II 

—L 

L 

< 



20 

mA 

•rr 

Rate of Voltage Change of 
Vcc or Output 


1.0 


10.0 

V//xS 

PwE 

Programming Pulse Width 
(Enabled) 


9 

10 

11 

MS 

Vccv 

Required Vcc for Verification 


3.8 

4.0 

4.2 

V 

Moc 

Maximum Duty Cycle for 
Vcc at Vccp 



25 

25 

% 


Programming Waveforms Non-Registered prom 


T1 = 100ns min. 

T2 = 5pis min. T2 may be > 0 
if Vccp rises at 
the same rate or faster 
than (V OP ) 

T3 = 100ns min. 

T4 = 100ns min. 

T5 = 100ns min. 

P we is repeated for 5 
additional pulses after 
verification of V D h 
indicates a bit has been 
programmed. 
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Non-Registered PROM Programming Procedure 
























































Registered PROM Programming Procedure 


Registered PROM Programming 
Procedure 

National Schottky PROMs are shipped from the factory 
with all fuses intact. As a result, the outputs will be low 
(logical ‘0’) for all addresses. To generate high (logical ‘1’) 
levels at the outputs, the device must be programmed. 
Information regarding commercially available program- 
ming equipment may be obtained from National. If it is 
desired to build your own programmer, the following 
conditions must be observed. 

1. Programming should be attempted only at ambient 
temperatures between 15°C and 30°C. 

2. Address and Enable inputs must be driven with TTL 
logic levels during programming and verification. 

3. Programming will occur at the selected address when 
V C c is at 10.5V, and at the selected bit location when 
the output pin, representing that bit, is at 10.5V, and 
the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following 
procedure must be followed: 

a) Select the desired word by applying high or low lev- 
els to the appropriate address inputs. Disable the 
device by applying a high level to asynchronous 
chip Enable input G. GS is held low during the en- 
tire programming time. 

b) Increase V C c from nominal to 10.5V (±0.5V) with a 
slew rate between 1.0 and lOV/^is. Since V c c is the 
source of the current required to program the fuse 
as well as the l C c for the device at the program- 
ming voltage, it must be capable of supplying 
750mA at 11V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5V (±0.5V). Limit 
the slew rate from 1.0 to 10V//iS. This voltage 
change may occur simultaneously with the in- 
crease in V cc , but must not precede it. It is critical 
that only one output at a time be programmed 
since the internal circuits can only supply pro- 
gramming current to one bit at a time. Outputs not 
being programmed must be left open or connected 
to a high impedance source of 20kQ minimum. 
(Remember that the outputs of the device are dis- 
abled at this time.) 


d) Enable the device by taking the chip enable (G) to a 
low level. This is done with a pulse of 10^s. The 
10/^s duration refers to the time that the circuit (de- 
vice) is enabled. Normal input levels are used and 
rise and fall times are not critical. 

e) Verify that the bit has been programmed by first re- 
moving the programming voltage from the output 
and then reducing V C c to 4.0V (± 0.2V). Verification 
at a V C c level of 4.0V will guarantee proper output 
states over the Vcc and temperature range of the 
programmed part. Each data verification must be 
preceded by a positive going (low to high) clock 
edge to load the data from the array into the output 
register. The device must be enabled to sense the 
state of the outputs. During verification, the 
loading of the output must be within specified Iol 
and Ioh limits. Steps b, c, and d must be repeated 
up to 10 times or until verification that the bit has 
been programmed. 

f) The initialize word is programmed by setting INIT 
input to a logic low and programming the initialize 
word output by output in the same manner as any 
other address. This can be accomplished by 
inverting the A9 address input from the PROM 
programmer and applying it to the INIT input. 
Using this method, the initialize word will program 
at address 512. 

g) Following verification, apply five additional pro- 
gramming pulses to the bit being programmed. The 

' programming procedure is now complete for the 
selected bit. 

h) Repeat steps a through f for each bit to be pro- 
grammed to a high level. If the procedure is per- 
formed on an automatic programmer, the duty 
cycle of V C c at the programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize device junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 
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Programming Parameters Do not test or you may program the device 


Sym 

Parameters 

Conditions 

Min 

Recommended 

Value 

Max 

Units 

Vccp 

Required Vcc for Programming 


10.0 

10.5 

11.0 

V 

•ccp 

Ice During Programming 

Vcc = 11V 



750 

mA 

Vop 

Required Output Voltage for 
Programming 


10.0 

10.5 

11.0 

V 

•op 

Output Current while 
Programming 

< 

o 

c 

H 

II 

< 



20 

mA 

•rr 

Rate of Voltage Change of 
Vcc or Output 


1.0 


10.0 

V//iS 

Pwe 

Programming Pulse Width 
(Enabled) 


9 

10 

11 

MS 

Vccv 

Required Vcc for Verification 


3.8 

4.0 

4.2 

V 

Mqc 

Maximum Duty Cycle for 
Vcc at Vccp 



25 

25 

% , 


Programming Waveforms Registered PROM 



Ti = 100ns MIN. 

T2 = 5^s MIN. 02 MAY BE > 0 IF VcCP RISES AT THE SAME RATE OR FASTER THAN Vop.) 
T 3 = 100ns MIN. 

T4=100ns MIN. 

T 5 = 100ns MIN. 

T6 = 50ns MIN. 
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Registered PROM Programming Procedure 

























































Standard Test Load 


v cc 



TEST 

POINT 


* Device input waveform characteristics are; 
Repetition rate - 1 MHz 

Source im pedance = 500 

Rise and Fall times = 2.5ns max. v 

(1.0 to 2.0 volt levels) 

‘ TAA is measured with stable enable inputs. 

' TEA and TER are measured from the 1.5 
volt level on inputs and outputs with all 
address and enable inputs stable at appli- 
cable levels. 

* For l 0L = 16mA, R1 = 300fl and R2 = 6000 
for l OL = 1 2mA, R1 = 4000 and R2 = 8000. 

* “C” includes scope and jig capacitance. 


Switching Time Waveforms Non-Registered PROM 


ADDRESS 


OUTPUT 


ENABLE 



Switching Waveforms Registered prom 


Ao-Ag 


tH(A) 


tS(GS) 


- t^tt-mxxxxxx 

tS(GS)[— — 

-tHiGS)- 

-1SIGSK 

— tH(GS) 


U 1 1 

i m 

i mnniL 


HH(GS). 


I, , 1 

'tWLlCP) 1 , 


1 \\r f ^ h\\\K l{ L J AWWW 


3V 

1.5V 



1— IPHLCCP)— j U tpHz( CP)^j 

— tPZH(CP)— J 

tPHUCP) -►[ 

|*- tPHZ(G) -►j 

•*— tPZH(G) — | 

Q 0 -O 7 

1 XT-^- 

— 

~n®c 


{«- 


-* — tpLH(CP)— *| |- — tPLZ(CP) — 

— IPIZ(CP) — | 

tPLH(CP)— J 

j— — tRLZ(G) — 

•» — tpzL(G) — ► | 


tS(INIT)- 


klH(INIT)* 


'~\S nl 


\ 


VOH 

1.5V 

VOL 

3V 

1.5V 

OV 

3V 

1.5V 


Key To Timing Diagram 


INPUTS 


OUTPUTS 


m 

m 


MUST BE 
STEADY 


MAY CHANGE 
FROM H TO L 


MAY CHANGE 
FROM L TO H 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TO L 


WILL BE 
CHANGING 
FROM L TO H 




2K5 


DON’T CARE: 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


CHANGING: 

STATE 

UNKNOWN 


CENTER LINE 
IS HIGH 
IMPEDANCE 
•'OFF” STATE 




Approved Programmers for NSC PROMs 


MANUFACTURER 

DATA I/O 

PRO-LOG 

KONTRON 

STAG 

AIM 

DIGELEC 

STARPLEX™ 


SYSTEM # 

5/17/19/29A 

M910, M980 

MPP80S 

PPX 

RP400 

UP803 


Quality Enhancement Programs For Bipolar Memory 


A+ PROGRAM* 


B+ PROGRAM 


Test 

Condition 

Guaranteed 
LOT AQL 5 

Test 

Condition 

Guaranteed 
LOT AQL 5 

D.C. 

Parametric 

And 

Functionality 

25° C 

0.05 

D.C. 

Parametric 

And 

Functionality 

25° C 

0.05 

Each 

Temperature 

Extreme 

0.05 

Each 

Temperature 

Extreme 

0.05 

A.C. 

Parametric 

25° C 

0.4 

A.C. 

Parametric’ 

25° C 

0.4 

Mechanical 

Critical 

0.01 

Mechanical 

Critical 

0.01 

Major 

0.28 

Major 

0.28 

Seal 

Tests 

Fine Leak 
(5 x 10 -^) 

0.4 

Seal 

Tests 

Fine Leak 
(5 x 10-*) 

0.4 

Hermetic 

Gross 

0.4 

Hermetic 

Gross 



0.4 


'Includes 160 hours of burn-in at 125°C. 


STARPLEX M Is a trademark of National Semiconductor Corp. 
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National Bipo 

SlA Semiconductor 

DM76S64/DM86S64 Bipolar Character Generator 

General Description 


Bipolar PROMs 


The DM76S64/DM86S64 is a 64-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S64/DM86S64 incor- 
porates several CRT system level functions, as well as a 
7 x 9 or 5 x 7 row scan character font. The DM76S64/ 
DM86S64 performs the system functions of parallel 
to serial shifting, character address latching, character 
spacing and character line spacing. These system func- 
tions have required extra packages in the past. 

Shifted characters can be generated by the on-chip 
subtractor. 

The c lear in put and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 64-character— row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typ clock rate 

■ On-chip input latches 

■ On-chip shift register 
* On-chip dot blanking 

■ On-chip row blanking 

■ TRI-STATE® output 






DM76S64CAE/DM86S64CAE 


DM76S64CAB/DM86S64CAB 


DM76S64CAH/DM86S64CAH 


DM76S64CTA/DM86S64CTA 


DM76S64CTB/DM86S64CTB 



Shifted Lower Case Block 


Upper Case Block Letters 


Shifted Lower Case Block 


ASCII Character Set 


ASCII Numerals and Control 


PACKAGE 


N, J 


N, J 


N, J 


N, J 


N, J 


N, J 




Block Diagram 


ADDRESS LATCH 
CONTROL 


Connection Diagram 

Dual-In-Line Package 


LATCH 

- 


0 

LATCH 

— ► 


• 

LATCH 

— 

CHARACTER 

ADDRESS 

• 

LATCH 

-► 

DECODER 

1/64 

• 

LATCH 

-► 


• 

LATCH 

— ► 


63 

TAG BIT 


ADDRESS LATCH A 
CONTROL 

Order Number clear — 

DM76S64XXX*/J t 

or DM86S64XXX*/J LINECl0CK ? 

See NS Package J16A clockcontrol — 

Order Number GND ~ 

DM86S64XXX*/N 
See NS Package N16A 



EDGE- 

TRIGGERED 

GENERATOR 


9-T0-1 MULTIPLEXER 


OUTPUT SHIFT REGISTER 


Logic Symbol 


alpha pattsrn designators 

TRI-STATE® Is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Note 1] 


Supply Voltage -0.5V to +7V 

Input Voltage -1 ,5V to +5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


Operating Conditions 


Supply Voltage (Vcc> 
DM76S64 
DM86S64 

Ambient Temperature (Ta) 
DM76S64 
DM86S64 

Logical "0" Voltage 
Logical "1" Voltage 


MIN MAX 


DC Electrical Characteristics (Note 2) 


SYM 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IlL 

Input Load Current 

VcC = Wax, V|[\j = 0.45V 



-800 

mA 

' IH 

Input Leakage Current 

V C C= Max, V|m = 2.4V 



40 

pA 

l| 

Input Leakage Current 

VcC = Max, V||vj = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 

VcC = Min, IOL = 16mA 


0.35 

0.45 

V 

VlL 

Low Level Input Voltage 

VcC = Min 



0.80 

V 

V|H 

High Level Input Voltage 

VcC = Min 

2.0 



V 

v c 

Input Clamp Voltage 

V cc = Min, l|j\j = — 12 mA 


-0.8 

-1.5 

V 

C|N 

Input Capacitance 

Vec = 5V, V | fvj = 2 V, Ta = 25°C, 
1 MHz 


4.0 


pF 

CO 

Output Capacitance 

V C C = 5V, V 0 = 2V, Ta = 25° C, 
1 MHz, Output "OFF" 


6.0 


pF 

'cc 

Power Supply Current 

VcC = Max. All Inputs Grounded, 
Output Open 


80 

140 

< 

E 

TRI-STATE PARAMETERS 

'SC 

Output Short-Circuit Current 

Vq = 0V, Vcc = Max 

-15 


-70 

mA 

'HZ 

Output Leakage 

VCC = Max, = 0.45 to 2.4V, 

Chip Disabled 



±40 

pA 

VOH 

Output Voltage High 

IOH = -2mA f 

2.4 

3.2 


V 


AC Electrical Characteristics (Note 2) 


Access Time 

Dot Clock to Output 
Output Enable 
Output Disable 

Set-Up Time 

Load to Dot Clock 
Address to Load 
Clear to Load 
Control to Line Clock 
Line Clock to Load 
Address to Address Latch 

Hold Time 

Load from Dot Clock 
Address from Load 
Control from Line Clock 
Address from Address Latch 


See 

Switching 

Time 

Waveforms 



TYP 

MAX 

25 

50 

10 

35 

13 

35 

7 


54 


14 


-10 


156 


6 


-6 


-14- 


23 


3 
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AC Electrical Characteristics (Continued) (Note 2) 


DM76S64 DM86S64 

PARAMETER CONDITIONS r 1 , 

MIN TYP MAX MIN TYP 


Pulse Width 

Line Clock 50 12 40 12 

Clear 50 6 40 6 

Dot Clock 25 12 20 12 

Load 40 8 30 8 

Address Latch 50 22 . 40 22 

Clock Frequency 18 35 22 35 


Note 1 : Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for = 5V and Ta “ 25°C. 



MIN 

TYP 

50 

12 

50 

6 

25 

12 

40 

8 

50 

22 

18 

35 



Standard Test Load 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZoUT = 50 £2, t r < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 

TqO is measured with output enable at a steady low 
level. 


Switching Time Waveforms 


3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 


CLOCK CONTROL 



LOAD ENABLE 
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Truth Tables 


A) ADDRESS LATCH 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


B) OUTPUT 


OUTPUT 

ENABLE 

STATE OF 
THE OUTPUT 

1 

0 

Output Hi-Z 
Data Out 


C) 4-BIT LINE COUNTER 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_r 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 


H 

No change on high-to- 
low clock edge 


X = Don't care 


Definitions 


AO— A5: Character address. A 6-bit code which selects 
1 of the 64 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. ^ 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. 

Output Enable: An active low output enable. When high 
the output is in the Hi-Z state. 

Output: A TTL TRI-STATE output buffer. 
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Functional Description 


To select a character, a 6-bit binary word must be 
present at the address inputs AO— A5 when the address 
latch control is high. This address can be latched by 
bringing the address latch c ontro l signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ns) after the character is addressed. 
Data, representing 1 horizontal line of the addressed 
charact er, is available at the output when the load 
enable input is brought low. As shown in Figure 1 , 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out 1 line of the 


character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 
Detailed system application infomation is contained in 
application note AN-167 available from National. 


■“V* 


Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new 
parallel data is loaded into the shift register. 

FIGURE 1. Character Cycle 


CHI Y CH2 X CHN ¥ 1 Y 2 Y N * 1 


DISPLAY 
FIRST LINE 
OF N CHARACTERS 


DISPLAY 

- SECOND LINE - 
OF N CHARACTERS 


DISPLAY 
- THIRD LINE 
OF N CHARACTERS 


FIGURE 2. Line Cycle 
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Functional Description (Continued) 


A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. 

A chip select input is provided for expansion of the 
character font. The various standard fonts are shown in 
Figures 5, 6, 7, 8, 9 and 10. Descending characters 
in the 5x7 fonts are shifted by virtue of their place- 
ment in the matrix. Descending characters in the 7x9 
fonts are shifted (by the on-chip line shifter/ 
counter) the number of lines indicated by the number 
in the upper left hand corner of the character drawings 
in the figures. 

Character Cycle — ROM data corresponding to 1 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 


the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 


Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


-TWO CHARACTER CYCLE - 


ASCII A2 
CODED 
ADDRESS 
INPUTS A3 


ruinjinjinjumnniuinjinruiiL 



CLOCK LINE OUTPUT 

CONTROL CLOCK CLEAR ENABLE 


ADDITIONAL 
LINE COUNTS 
FOR VERTICAL 
SPACE 


FIGURE 3. Example of Two Characters Display Timing 
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(22 MHz DOT RATE) 25 JTT 


3 \ / < V / * \ / 6\ / 7 \ / 8 \ / 9 \ / 10 \ /I 


'Shown here for operation with dynamic memory. For static memory operation the address latch control would be tied high and the character 
addresses would be stable between each address change occurring 280 ns before the high-to-low transition of Load enable. 


FIGURE 4. Typical System Timing Waveform 


Functional Description (Continued) 
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Functional Description (continued) 
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National Bipolar PROMs 

Semiconductor 

DM76S128/DM86S128 Bipolar Character Generator 

General Description 

The DM76S128/DM86S128 is a 128-character bipolar 
character generator with serial output designed primarily 
for the CRT display marketplace, and packaged in a 
standard 16-pin DIP. The DM76S1 28/D M86S 128 
incorporates several CRT system level functions, as 
well as a 7 x 9 or 5 x 7 row scan character font. The 
DM76S128/DM86S128 performs the system functions 
of parallel to serial shifting, character address latching, 
character spacing and character line spacing. These 
system functions have required extra packages in the 
past. 

Shifted characters can be generated by the on-chip 
adder/subtracter. 


The clear input and the load enable input are active low. 
Load enable is synchronous with the dot clock. Both 
the line clock and the dot clock are positive edge- 
triggered. When the address latch control signal is high. 



7x9 

5x7 

FONT 

PACKAGE 

DM76S128CNC/DM86S128CNC 

X 


Upper and Shifted Lower Case Block 

N. J 

DM76S128CND/DM86S128CND 


X 

Upper and Lower Case Block 

N, J 

DM76S128COH/DM86S128CQH 

X 


ASCII CHARACTER SET 

N, J 

DM76S1 28CQJ/DM86S1 28CQJ 


X 

ASCII CHARACTER SET 

N, J 


the character addresses "fall through" the latch. And 
when the address latch control signal goes low, the 
character addresses are latched. 

Features 

■ 128 character-row scan 

■ 5x7 or 7x9 font 

■ Custom fonts available with shift options 

■ Serial output 

■ 16-pin package 

■ 35 MHz typical clock rate 

■ On-chip input latches 

■ On-chip shift register 

■ On-chip dot blanking 

■ On-chip row blanking 

■ Low power— 400 mW typical 



Block Diagram 


Connection Diagram 

Dual-ln-Line Package 




Logic Symbol 


alpha pattern designators 
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Absolute Maximum Ratings (Notei) 

Supply Voltage -0.5V to +7V 

Input Voltage -1 ,5V to +5.5V 

Output Voltage -0.5V to +5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Note 2 ) 


Operating Conditions 

. 

Supply Voltage (V^q) 

DM76S128 

DM86S128 

Ambient Temperature (Ta) 
DM76S128 
DM86S128 

Logical "0” Input Voltage (Low) 
Logical “1" Input Voltage (High) 

MIN MAX UNITS 

4.5 5.5 V 

4.75 5.25 V 

55 +125 °C 

0 +70 °C 

0 0.8 V 

2.0 5.5 V 

SYM 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IlL 

Input Load Current 


Vcc = M ax . V||\| = 0.45V 



-800 

/jA 

IlH 

Input Leakage Current 


Vcc = Max, V|[\| = 2.4V 



40 

p A 

l| 

Input Leakage Current 


Vcc = Max, V|N = 5.5V 



1 

mA 

VOL 

Low Level Output Voltage 


Vcc ' Min, Iql = 16 mA 


0.35 

0.45 

V 

VOH 

Output Voltage High 


Iqh = ~2 mA 


2.4 

3.2 


V 

V|L 

Low Levjl Input Voltage 


Vcc = Min 





0.80 

V 

V|H 

High Level Input Voltage 


Vcc = Min 



2.0 



V 

v c 

Input Clamp Voltage 


VCC = Min, l|N = -12 mA 


-0.8 

-1.5 

V 

C|N 

Input Capacitance 


VCC = 5V, V|N = 2V, Ta = 25°C, 


4.0 


pF : 




1 MHz 







c 0 

Output Capacitance 


Vcc = 5V, Vq = 2V, Ta = 25°C, 


6.0 


pF 




1 MHz 







•cc 

Power Supply Current 


Vcc = Max, All Inputs Grounded, 


100 

140 

mA 




Output Open 







•sc 

Output Short-Circuit Current 


Vq = 0V, Vcc = Max 


-15 


-70 

mA 

AC Electrical Characteristics 









DM76S128: Ta = -55°C to +125°C, Vqc = 4.5V to 5.5V. Cl = 50 pF 






DM86S128: Ta = 0°C to +70°C, Vqc = 4.75V to 5.25V. CL= 50 pF. 










DM76S128 



DM86S128 



SYM 

PARAMETER 








UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Access Time 









t DO 

Dot Clock to Output 



25 

50 


25 

40 

ns 


Set Up Time 









TSI 

Load to Dot Clock 


25 

7 


20 

7 


ns 

TS2 

Address to Load 


335 

54 


280 

54 


ns 

TS3 

Clear to Load 


335 

14 


280 

14 


ns 

TS4 

Control to Line Clock 


50 

-10 


40 

-10 


ns 

TS5 

Line Clock to Load 


1140 

156 


950 

156 


ns 

TS6 

Address to Address Latch 


50 

6 


40 

6 


ns 


Hold Time 









thi 

Load from Dot Clock 


5 

-6 


0 

-6 


ns 

TH2 

Address from Load 


0 

-14 


0 

-14 


ns 

TH3 

Control from Line Clock 


120 

23 


100 

23 


ns 

TH4 

Address from Address Latch 


50 

3 


40 

3 


ns 
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AC Electrical Characteristics (Continued) (With standard load) (Note 2) 



Line Clock 
Clear 

Dot Clock 
Load 

Address Latch 
Clock Frequency 


DM76S128 

MIN 

TYP 

50 

12 

50 

6 

25 

12 

40 

8 

50 

22 

18 

35 


DM86S128 





Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqq = 5V and T/\ = 25°C. 


Standard Test Load 



Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZoUT = 50 fi, t r < 5 ns and tf < 5 ns (between 
1.0V and 2.0V). 


Truth Tables 


A) ADDRESS LATCH 


B) 4-BIT LINE COUNTER 


ADDRESS LATCH 
CONTROL 

FUNCTION 

PERFORMED 

0 

1 

Latched 
Fall Through 


CLOCK CONTROL 

LINE CLOCK 

CLEAR 

LINE COUNTER 

H 

_r 

H 

Increment line counter 

X 

X 

L 

Asynchronous clear 
resets counter 

L 

X 

H 

Clock inhibited 

H 

” v - 

H 

No change on high-to- 
low clock edge 


X = Don't care 
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Switching Time Waveforms 



3V 

ADDRESS INPUT 
OV 

ADDRESS 
LATCH CONTROL 

LINE CLOCK 

CLOCK CONTROL 

CLEAR 

LOAD ENABLE 


DOT CLOCK 
OUTPUT 



Definitions 


AO— A6: Character address. A 7-bit code which selects 
1 of the 128 characters in the font. 

Clear: Active low clear for mod 16 row counter, (can be 
used to truncate mod 16 counter). 

Line Clock: Clock that advances the line counter. 
Advances counter on the low-to-high transition. 

Clock Control: Enables line clock when high and 
disables line clock when low. 


Load Enable: Active low load command which routes 
data from the character ROM to the "D" inputs of the 
7-bit shift register. 

Dot Clock: A low-to-high transition of the dot clock 
loads the shift register if load enable is low or shifts 
data if load enable is high. . • 

Output: A TTL BI-STATE output buffer. 
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Functional Description 

To select a character, a 7-bit binary word must be 
present at the address inputs AO— A6 when the address 
latch control is high. This address can be latched by 
bringing the address latch control signal low after a 
40 ns set-up time. When the clear input receives a low 
pulse, the counter is reset to zero. The shift register can 
be loaded (Ts2 ns ) after the character is addressed. 
Data, representing one horizontal line of the addressed 
character, is available at the output when the load 
enable input is brought low. As shown in Figure 1, 
valid data arrives serially at the output. Dot clock 
pulses beyond that required to shift out one line of the 
character will add lows to the end of character. This 
provides a horizontal spacing between characters. 

Figure 2 shows how the counter sequences through the 
rows of addressed lines with the application of clock 
pulses at the line clock input. Any additional line 
clocks beyond that required to display the character 
will put a vertical space between characters. This spacing 
can be truncated by bringing the clear input low. 

A two character display example is shown in Figure 3 
and a typical system timing waveform is shown in 
Figure 4. The standard fonts are shown in Figures 5, 
6, 7 and 8. Descending characters in the 5x7 fonts are 


shifted by virtue of their placement in the matrix. 
Descending characters in the 7x9 fonts are shifted (by 
th on-chip line shifter/counter) the number of lines 
indicated by the number in the upper left hand corner 
of the character drawings in the figures. 

Character Cycle — ROM data corresponding to one 
line of characters is loaded into the shift register Ts2 
after the ROM is addressed. When load enable goes low, 
ROM data is allowed to be present at the D input of 
the shift register via the MUX. The first bit of the ROM 
data is transferred to the output at the next low-to-high 
transition of the dot clock. After load enable goes back 
high, the second to seventh clock pulses shift out the 
rest of the selected row of the addressed character. 
Additional clock pulses will shift out low data used 
for spacing. 

Line Cycle — The line counter is a mod 16 counter. 
A low-to-high transition of the line clock advances the 
line counter to the next count. If, for any reason, the 
counts need to be truncated, a low signal at the clear 
input resets the counter to zero. The clock control may 
be used as a line clock disable. A high signal at the line 
clock control terminal enables the counter and a low 
signal disables the line clock. 


1 \ / 2 \ / 3 \ / 4 \ / 5 \ / 6 \ / 7 


OUTPUT 

LOW 

(SEE NOTE) 


Note. Output goes and stays low following the leading edge of the eighth Dot-Clock pulse until Load enable is enabled again and new parallel data 
is loaded into the shift register. 


FIGURE 1. Character Cycle 


DISPLAY 
FIRST LINE 
OF N CHARACTERS 


DISPLAY 

- SECOND LINE - 
OF N CHARACTERS 


DISPLAY 
- THIRD LINE 
OF N CHARACTERS 


FIGURE 2. Line Cycle 
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Functional Description (Continued) 
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Functional Description (Continued) 
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□□bddobod 

BBoaaaoBi 

□□□□□□□□a 
□□□□□□□□□ 
BCCuCGDGB 
□ BGG C □□BG 

□□BBBBBOG 

□□□□□□□□a 

□□□□□□□□□ 

□BBDaGBBC 

BGGBGBGDB 

BGDDBDCOB 

BDGDBGCOB 

BGGGBCDCB 

BGGBGBGDB 

□BBGDOBBO 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□GB 

■□□□■□□□■ 

■■□□□□□■■ 

■□■□□□BOB 

■□□■□■□□■ 

■□□□■□□□■ 

■□□■□■□□■ 

■□■□□□■□■ 

■■□□□□□■■ 

□□□□□□□□□ 

□□□□■■■■■ 

□□□■□□□□a 

□□□■□□□□a 

□□□■□□□no 

□□□□■□□□a 

□□□□□□□□a 

□□□■□□□□■ 

□□□□■□□■□ 

□□□□□■■□a 

□□□□□■■□a 

□□□□■□□■□ 

□□□■□□□□■ 

- 

□ LlBBBBQ 

□BQDODB 
■□□□□□□ 
■□□□□□□ 
B □□□ □□ □ 

B □□□ B B B 

B □□□□□ B 
n b □ □ □ b ■ 

□GBBBGB 

□□□□□□□□b 

□□□□□□□■a 

□□□□BBBCG 

□□□□□□□BD 

□□□□□□□□B 

□□□□□□□□a 

□□□□□□□□a 

BBODoonna 

■■■□□□□□□ 

□□dbodgcg 

□□□□□□□□a 

□□□□□□□□a 

BBBGCCGCG 
BODBaODDO 
BDG □ B □□□□ 
BGGGDBGCa 
■GDanainn 

BCC □□□□ an 
BGCDGGCCB 

□□□□□■■BB 

□□□□■□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□□■□□□■ 

□□□□□■■■■ 

□□■■■■■GO 

□■□□□□□■□ 

■□□□□□□□■ 

■□□□■□□□■ 

■□□□□□□□■ 

□■□□□□□■□ 

□□■■■■BOG 

□□□□□□□□a 

■■■■■■■■□ 

□■□■□□□□■ 
■□□□■□□□■ 
■□□□■□□□■ 
■□□□■□□□■ 
o- □■■■□□□■□ 

■ 

to 

■□□□□□□□a 

■□□□□□□□□ 

■□□□■□□□a 

■□□□■□□□□ 

■□□□■□□□□ 

BBBGGGOCG 

□GGBBBGDG 

□□□□□□■>□ 

□□□□□□□□B 

□□□□PGBBG 

□GGIBBC3C 

BBBGCGGGG 

□□□□□□□□B 

□□□□□BBBG 

□□□□□□BOB 

□BBPDBDOB 

BDGBBDDDB 

BGCBBGCGB 

CBBGCBBBG 

GBDGOBBBG 

BOQOBCGDB 

BGGCBDGDB 

■□□□■□GGB 

BGGGBGGGB 

□BOQGBGOB 

BBGOGDDDD 

□□■■□□□GO 

□□□□■■□□□ 

□□□□□□■■a 

□□□□□□□□■ 

□□□□□□□■□ 

□□□□□□■□□ 

piiii 

□□□□□□□□a 

□■□□□□□□a 

■□□□■□□□□ 

■□□□■□□□□ 

□■■■■■■■■ 

□□□□■□□□a 

□□□□■□□□a 

□□□□□□□□a 

□□□■■■■DO 

□□□□□□□■□ 

□□□□□□□□■ 

□□□□□□□■a 

□□□■■■■□a 

□□□□□□□□□ 

- 

■□□□□□□□■ 
■□□□□□□□■ 
B □ □□ B □ □ C B 
BQQDBDQDB 
BO □□ B G □ □ B 
■□□□■□□□■ 

□□□□□□□BO 

□□□□□□□□B 

□□□□□□□□B 

□□□□□□□□B 

□□□□□□□BD 

GBCDOGGBG 
CGBCGCBGB 
□GGBGDGBG 
□□□□■□□□□ 
□BCGGBGGG 
BG BCGGBCG 
GB □□□ C CBG 

BGGGGBBBO 
BGGGB □ GOB 
BGGGBGGGB 
■□□□■□□□■ 
BGCGBGGCB 
BOOGBDDGB 

pm 

ifi 

□□□□□□□□a 

□□□□■■□□a 

□□□■□■□□■ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□□■■■■a 

□□□□□□□□a 

□□□■■■■■■ 

□□□□□□□■□ 

□□□□□□□□■ 

□□□□□□□□■ 

□□□□□□□□■ 

□□□■■■■■□ 


□GBIBBBDG 

□■□□□□□■□ 

■□□□□□□□■ 

■□□□□□□PB 

■□□□□□□OB 

■■■■BBBII 

■□□□□□□□■ 

■■□□□□□□□ 
■□□□□□□□□ 
BCC □ C □□□□ 

BBBBBBBBB 

■□□□□□□oo 

■□□□□oood 

■■□□□□□□□ 

□BGOGBBCG 

□BGDBGGBG 

GBCCBCOBG 

□■□□■□□■□ 

GGBBGGCBG 

□□□□□□BOD 

□□□□□□BDD 

BBBBBBBBB 

□BGGGGBGG 
□□BGCCBGG 
□GGBOGBGO 
GGGG BBBGD 


□■■□□■□□□ 

□□□■□□■□□ 

□□□■□□■□□ 

■■■■■■■■■ 

□□□■□□■□□ 

□□□■□□■□□ 

□■■□□■□□a 

□□□□□□□□□ 

□□□□■□□■a 

□□□■□□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□□■■■■a 

□□□□□□□□□ 

□□□□□□□■□ 

□□□■□□□□■ 

□□□■□□□□■ 

□■■■■■■■a 

□□□■□□□□a 

□□□■□□□□□ 


□BooaaoBn 
BnpoapoaB 
■□□□□□ODB 
BGOGGGGG B 
BGGGG C □□ B 
□■□□□□□■□ 
□□BBBBBOn 

□BGnCQBGC 
■□□□□■□■□ 
BGGGBnGGB 
bgggbgggb 
■□□□■□□□■ 
□BOBODDGB 
□ DBG DGnBC 

□□BCDCB3D 

□GBGGGBCG 

BBBBBBBBB 

□□BDDDBDD 

BBBBBBBBB 

□□■□□□■□□ 

□□BOODBOD 

□BBBGBBBG 

BGODBGaDB 
BGDG B □ GDB 
BGGCB □ GDB 
BnCGGGGGB 
■OOCOODDB 
□BGaGOOBG 

□□□□□□□GB 

□□□□□□□□■ 

□□□□□□□□■ 

□□□□□□GOB 

□□□□□□□□■ 

□□□□□QGGB 

□□□□□□■□a 

□□□□□□□■a 

■■■■■■■■■ 

□□□□□□□■a 

□□□□□□■□□ 

■■■■■■□□a 

□□□□□□□□□ 

□□□□■□□■□ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□□■■■■a 

□□□□□□□□□ 

□□□□■□□■a 

□□□■□□■□■ 

□□□■□□■□■ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□□■□□■a 

N 

□□■□□□■□□ 

□■□■□■□■□ 

■□□□□□□□■ 

GBBBGOGGB 
■□□□■□□■□ 
BDDGBGBGC 
BDQDBBODD 
■□□□■□□□□ 
BOOOB □□□□ 

□□□□□□□□□ 

□□□□□□□□a 

■BBBGGGGC 

□□□□□□□□□ 

□□□□□□□□a 

BBBBGGGGG 

□□□□□□□□a 

□ BB □□ G GO B 
BODBQOOOB 

bgggbgggb 

■□□□■□□□■ 

■□□□■□□□■ 

BOODDBDDB 

□BGGGGBBB 

□□□□□□□□■ 

□□□□□□□□■ 

□□□□□□□□■ 

. ■■■■■■■■■ 

□□□□□□□□■ 

□□□□□□□□■ 

□□□□□□□□■ 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□□a 

■□□□■□□□■ 

■□□□■□□□a 

□□□□□□□□a 

□□□□■■■■□ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□■□□□□■ 

□□□□■□□■a 

□□□□□□□□□ 

□□□□■□□□□ 

□□□■□□□□□ 

□□□■□□□□□ 

□□□■□□□□□ 

□□□□■□□□a 

- 

□□□BBBBBB 

□□■□□■□□□ 

□■□□□■□□□ 

BPODDBDDP 

□BOOPBPDP 

□□■□□■OOD 

□□BBBBBB 

□BOODDOBa 

■□□□□□■□■ 

BOGOOBOGB 

■□□□□□□□■ 

□BaanaoBa 

□□BBBBBOG 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□a 

BBBBBBGB 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□a 

I is 

mm 

□□□□■□□□□ 

□□□■■■ODD 

□□■□■□■□□ 

□■□□■□□■□ 

■□□□■□□□■ 

■□□□■□□□■ 

■□□□■□□□a 

□□□□□□□□■ 

□□□□■■■■□ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□■□■□□■ 

□□□□□□■■□ 

■ 


□BBBBBOBO 

■□□□□■□□■ 

BQBBBBOGB 

BOBOOBOOB 

boobbbgob 

□■□□□□□■□ 

□DBBBBIOD 

□ BB B □□□ □□ 

BaDDBODDD 
BDoaBoano 
■□□□■□□□a 
■□□□■□□□□ 
BOG □■ □□□□ 

□□□□□□□□□ 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□a 

□□□□□□□GO 

□□□□□□□□a 

□GBBBBBGG 

□BBDDDDBQ 

■□OBGDDGB 

BDDDBDDDB 

BDGGOBOCB 

□BOOOOBBO 


□□□□□□□□■ 

□□□□□□■■a 

□□□□□■□□n 

□□□■■□□□o 

■□■□□□□□□ 

■■□□□□□□□ 

■■■□□□□□a 

□□□□□□□□□ 

□□□□□□□□a 

□□□■□□□□a 

■■■□□□□□a 

■■□□□□□□a 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□□ 

□■■■□□□□a 

■□□□■□□□a 

■□□□■□□□a 

■□□□■□□□□ 

□■□■□□□□□ 

\ A0-A3 
A4-A6 \ 


- 

- 

- 

- 


CO 

- 


21-62 
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Functional Description (Continued) 


- 

□□□□□no 

□□□□□□□ 

□■□□□□□ 

□■□□□□□ 

□■□□□□□ 

□■■■■■a 

□■□□□□a 

□■□□□□a 

□■□□□□a 

□■□■■■□ 

□■□□□■a 

□■□□□■a 

□□□□□□a 

□□□□□□a 

□□□□□□□□a 

□■□GGGGGG 

□□■□□□□□□ 

□□□■□□□□□ 

□□□□■□□□□ 

□□□□□■□□□ 

□□□□□□□□□ 

□□□□□□□□a 

□■■□□□□□a 

■□□■□□□□a 

■□□■■□■□□ 

■□□□□□□□□ 

□■□□□□□□□ 

OGGGGGGGG 

□□□□□□□□□ 

□■■■■■□□□ 

■□□□□□■□□ 

■□□□□□■□a 

■□□□□□■□□ 

□■■■■■□□□ 

□□□□□□□□a 

□GGGGGG 

□□□□□□a 

□□□□□□a 

□□□□□□a 

□□□□□□□ 

□□□□□□□ 

□■■■■■□ 

□GGGGGG 

□GGGGGG 

□□□□□□□ 

□GGGGGG 

□□■■■□□ 

□■□□□■a 

□■□□□■a 

□■□□□■□ 

□□■■■□□ 

□GGGGGG 

□GGGGGG 

M 

- 

□□□□□□□□a 

□□□□□□■no 

■■■■■■■□□ 

■□□□□□□□a 

■■■■■■■□a 

□□□□□□■□a 

□□□□□□□□□ 

□□□□□□□□□ 

■■■■■■■□a 

■□□■□□■□a 

■□□■■■■□□ 

■□□□□□■□a 

■■■■■■■GO 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□GG 

□□□□□□□□□ 

□□□□□□■□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□□□□□□□ 

□□□GGGGGG 

□□□■□□□□□ 

□□■□■□□□□ 

□■□□□■□□□ 

■GDGGGBGG 

□□□□□□□□a 

□□□□□□□□□ 

□□□□□□□□a 

■■■■■■■□a 

□□□□■□□□a 

□□□■□□□□a 

□□■□□□□□a 

■■■■■■■□a 

□□□□□□□□a 

□□□□□□□□□ 

□□□□■□□□□ 

□□□■□□□□□ 

□□□■□□□□□ 

□□□■□□□□□ 

□□□□■□□□□ 

□□□□□□□□□ 


□□□□□□□an 

■□□□□□□□a 

□■□GGGGGG 

□■□□□□□□□ 

□■□□□□□□□ 

□□■□□□□GO 

□□□□□□□□□ 

o 

□□□□□□□□□ 

■■□■□□□□a 

□□■■□□□□a 

□□□□□□■□a 

oaooBBoaa 

□□□□□□□□a 

□□□□□□□DO 

■■■■■■■DO 

■□□□□□■GO 

■□□■■■■GO 

■□□■□□■□□ 

■■■■■■■□a 

□□□□□□□□□ 

□□□□□□□□□ 
□□□■□□ □ □□ 
□□□■□□□□□ 
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DEVICE 

DESCRIPTION 

PAGE 

NUMBER 

DM54S189/DM74S189 

64-Bit (16x4) TRI-STATE RAM 

22-3 

DM54S289/DM74S289 

64-Bit Open-Collector RAM 

22-3 

DM54S1 89A/ DM74S1 89A 

High Speed 64-Bit TRI-STATE RAM 

22-3 

DM75S06/DM85S06 

Open-Collector 64-Bit (16 x 4) RAM 

22-10 

DM75S07/DM85S07 

TRI-STATE 64-Bit (16x4) RAM 

22-10 

DM75S07A/DM85S07A 

High Speed TRI-STATE Non-Inverting 64-Bit (16 x 4) RAM 

22-10 

DM77S401/DM87S401, 

DM77S402/DM87S402 

First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 

22-16 

DM77S401A/DM87S401A, 

DM77S402A/DM87S402A 

First-In, First-Out (FiFo) 64 x 4, 64 x 5 Serial Memories 

22-20 

DM75S68/DM85S68 

16x4 Edge Triggered Registers 

22-24 

IDM29705/29705A 

16-Word by 4-Bit Two-Port RAM/Register File 

22-27 

DM10414, DM10414A 

256 x 1 ECL Random Access Memory 

22-32 

DM10415, DM10415A 

1024 x 1 ECL Random Access Memory 

22-37 

DM10422 

1024-Bit (256x4) ECL RAM 

22-42 

DM10422A 

1024-Bit (256x4) ECL RAM 

22-45 

DM10470 

Standard 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10470A 

High Speed 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10470L 

Low Power 4096-Bit (4096 x 1) ECL RAM 

22-48 

DM10474/DM10474A 

(1024 x 4) 4096-Bit, 10k ECL RAM 

22-53 





National 

Semiconductor 


Bipolar and ECL RAMs 


DM54S189/DM74S189 64-Bit (16 x 4) TRI-STATE® RAM 
DM54S289/ DM74S289 64-Bit Open-Collector RAM 
DM54S189A/DM74S189A High Speed 64-Bit TRI-STATE RAM 


General Description 

These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully de- 
coded and feature a chip-enable input to simplify decod- 
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54S/DM74S stand- 
ard load factor. The chip-enable circuitry is implemented 
with minimal delay times to compensate for added system 
decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus connected to other similar outputs; yet it re- 
tains the fast rise time characteristics of the TTL totem- 
pole output. Systems utilizing data bus lines with a de- 
fined pull-up impedance can employ the open-collector 
DM54S289. 


Write Cycle: The complement of the information at the 
data input is written into the selected location when both 
the chip-enable input and the read/write input are low. 
While the read/write input is low, the outputs are in the 
high-impedance. state. When a number of the DM54S189 
outputs are bus connected, this high-impedance state will 
neither load nor drive the bus line, but it will allow the bus 
line to be driven by another active output or a passive pull- 
up if desired. 


Read Cycle: The stored information (complement of infor- 
mation applied at the data inputs during the write cycle) is 
available at the outputs when the read/write input is high 
and the chip-enable is low. When the chip-enable is high, 
the outputs will be in the high-impedance state. 

The fast access time of the DM54S189A makes it par- 
ticularly attractive for implementing high-performance 
memory functions requiring access times less than 25 ns. 
The high capacitive drive capability of the outputs permits 
expansion without additional output buffering. The 
unique functional capability of the DM54S189A outputs 
being at a high-impedance during writing, combined with 
the data inputs being inhibited during reading, means that 
both data inputs and outputs can be connected to the data 
lines of a bus-organized system without the need for inter- 
face circuits. 

Features 

■ Schottky-clamped for high speed applications (S189A) 

access from chip-enable input 17 ns max 

access from address inputs 25 ns max 

■ TRI-STATE outputs drive bus-organized systems and/or 
high capacitive loads (S189, S189A) 

■ DM54S289/DM74S289 are functionally equivalent and 
have open-collector outputs 

■ DM54SXXX is guaranteed for operation over the full 
military temperature range of ~55°Cto +125°C 

■ Compatible with most TTL circuits 

■ Chip-enable input simplifies system decoding 


Connection Diagram 

Dual-ln-Line Package 

SELECT INPUTS DATA OATA 

* * INPUT OUTPUT INPUT OUTPUT 



1 2 

TOP VIEW TUL/5197-1 


Truth Table 


Function 

Inputs 

Output 

Chip- 

Enable 

Read / 
Write 

Write 

(Store Complement of Data) 

L 

L 

High-Impedance 

Read 

L 

H 

Stored Data 

inhibit 

H 

X 

High-Impedance 


H = High Level 
L = Low Level 
X = Don’t Care 


Order Number DM54S189J, DM54S189AJ, DM74S189J, 
DM74S189AJ, DMS4S289J or DM74S289J 
See NS Package J16A 

Order Number DM74S189N, DM74S189AN or DM74S289N 
See NS Package N16E 


TRI-STATE® Is a registered trademark of National Semiconductor Corp. 
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DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 












DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 


Absolute Maximum Ratings (Note d 


Operating Conditions 


Supply Voltage, V cc 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage (V cc ) 
DM54S189, DM54S289 
DM74S189, DM74S289 
Temperature (T A ) 

DM54S189, DM54S289 
DM74S189, DM74S289 


DM54S189/DM74S189, DM54S289/DM74S289 Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


I 


Symbol I Parameter 


V|H High Level Input Voltage 


V| L Low Level Input Voltage 


Vqh High Level Output Voltage 


High Level Output Current 
Open Collector Only 


Low Level Output Voltage 


High Level Input Current 


High Level Input Current at 
Maximum Voltage 


Low Level Input Current 


Short Circuit Output 
Current (Note 4) 


Supply Current (Note 5) 


Input Clamp Voltage 


TRI-STATE Output Current, 
High Level Voltage Applied 


ozl TRI-STATE Output Current, 
Low Level Voltage Applied 


Input Capacitance 


Output Capacitance 



Conditions 



Vcc = Min 


Vcc = Min, Jql = 16 mA 


l 0H = -2.0 mA, DM54S189 


oh = -6.5 mA, DM74S189 


V 0H = 2.4V 


V OH = 5.5V 


DM54S189, DM54S289 


DM74S189, DM74S289 


V cc = Max, V| = 2.7V 


V cc = Max, V, = 5.5V 


V cc = Max, V, = 0.45V 


V cc = Max, V 0 = 0V 


DM54S189, DM74S189 - 


V cc = Max 


V C c = Min, l|= - 18 mA 


V cc = Max, V 0 = 2.4V DM54S189, DM74S189 


V cc = Max, V 0 = 0.45V DM54S189, DM74S189 


V C c = 5V, V, N = 2V, T a = 25°C, 1 MHz 


V cc = 5V, V 0 = 2V, T a = 25°C, 1 MHz, 
Output "OFF” 



DM54S189/DM74S189 Switching Characteristics 

over recommended operating ranges of T A and V C c unless otherwise noted 






DM54S189 

DM74S189 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

Units 

*AA 

Access Times from Address 



25 

50 


25 

35 

ns 

l CZH 

Output Enable Time to 
High Level 

Access Times from 



12 

25 


12 

17 

ns 

l CZL 

Output Enable Time to 
Low Level 

Chip-Enable 

C l = 30 pF, 
R l = 280Q 


12 

25 


12 

17 

ns 

IWZH 

Output Enable Time to 
High Level 

Sense Recovery Times 

(Figure 4) 


13 

35 


13 

25 

, ns 

*WZL 

Output Enable Time to 
Low Level 

from Read/Write 



13 

35 


13 

25 

ns 
















































































































































DM54S189/DM74S189 Switching Characteristics (Continued) 

over recommended operating ranges of T A and Vcc unless otherwise noted 






DM54S189 

DM74S189 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

Units 

f CHZ 

Output Disable Time 
from High Level 

Disable Times from 



12 

25 


12 

17 

ns 

tcLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

C L = 5 pF, 
R L = 28012 
(Figure 4) 


12 

25 


12 

17 

ns 

f WHZ 

Output Disable Time 
from High Level 

Disable Times from 


15 

35 


15 

25 

ns 

l WLZ 

Output Disable Time 
from Low Level 

Read/Write 



15 

35 


15 

25 

ns 

t W P 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

f ASW 

Set-Up Time (Figure 1) 

Address to Read/Write 


0 



0 



ns 

f DSW 


Data to Read/Write 


25 



25 



ns 

l CSW 


Chip-Enable to 
Read/Write 


0 



0 



ns 

UhW 

Hold Time (Figure 1) 

Address from Read/Write 

i 

0 



0 



ns 

Idhw 


Data from Read/Write 


0 



0 



ns 

f CHW 


Chip-Enable from 
Read/Write 


0 



0 



ns 


DM54S289/DM74S289 Switching Characteristics 

over recommended operating ranges of T A and V cc unless otherwise noted 






DM54S289 

DM74S289 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

Units 

Iaa 

Access Times from Address 



25 

50 


25 

35 

ns 

tCHL 

Enable Time from 
Chip-Enable 


C l = 30 pF, 
Rli = 300fi, 
R|_2 — 60012 
(Figure 4) 


12 

25 


12 

17 

ns 

twHL 

Enable Time from 
Read/Write 

Sense Recovery Time 
from Read/Write 


13 

35 


13 

25 

ns 

tcLH 

Disable Time from 
Chip-Enable 



12 

25 


12 

20 

ns 

tWLH 

Disable Time from 
Read/Write 




13 

35 


13 

25 

ns 

t W p 

Width of Write Enable Pulse (Read/Write Low) 


25 



25 



ns 

*ASW 

Set-Up Time (Figure 2) 

Address to Read/Write 


0 



0 



ns 

*DSW 


Data to Read/Write 


25 



25 



ns 

tcsw 


Chip-Enable to 
Read/Write 


0 



0 



ns 

Uhw 

Hold Time (Figure 2) 

Address from Read/Write 


0 



0 



ns 

*DHW 


Data from Read/Write 


0 



0 



ns 

tcHW 


Chip-Enable from 
Read/Write 


0 



0 



ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°Cto +125°C temperature range for the DM54S189/289 and across the 0°C to +70°C 
range for the DM74S189/289. All typicals are given for Vcc = 5.0V and T A = 25”C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 1 

Note 4: Only one output at a time should be shorted. 

Note 5: Ice is measured with all Inputs grounded; and the outputs open. 
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DM54S189/DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 














































































































































DM54S189/ DM74S189, DM54S289/DM74S289, DM54S189A/DM74S189A 


Absolute Maximum Ratings (Note d 


Supply Voltage, V cc 
Input Voltage 
Output Voltage 
Storage Temperature Range 


7.0V 

5.5V 

5.5V 

-65°Cto + 150°C 


Lead Temperature (Soldering, 10 seconds) 


Operating Conditions 


Supply Voltage (V cc ) 
DM54S189(A)/DM54S289 
DM74S189(A)/DM74S289 
Temperature (T A ) 

DM54S189(A)/DM54S289 

DM74S189(A)/DM74S289 


Min Max Units 


-55 +125 

0 +70 


DM54S189A/DM74S189A Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Symbol 



Parameter 


High Level Input Voltage 


Low Level Input Voltage 


High Level Output Voltage 


Low Level Output Voltage 


High Level Input Current 


High Level Input Current at 
Maximum Voltage 


Low Level Input Current 


Short Circuit Output 
Current (Note 4) 


Supply Current (Note 5) 


Input Clamp Voltage 


TRI-STATE Output Current, 
High Level Voltage Applied 


TRI-STATE Output Current, 
Low Level Voltage Applied 


Input Capacitance 


Output Capacitance 


Conditions 


Min Typ Max 



Vcc = Min 


l 0H = -2.0 mA DM54S189A 


V C c = Min 


OH = -6.5 mA DM74S189A 


I 0 l = 1 6 mA 


ol = 20 mA 


V cc = Max, V, = 2.4V 


V cc = Max, V, = 5.5V 


V cc = Max, V, = 0.40V 


V C c= Max, V Q = 0V 


Vcc — Max 


V C c = Min, 1| = — 1 8 mA 


V cc = Max, V 0 = 2.4V 


V cc = Max, V 0 = 0.4V 


V C c = 5V, V|n = 2V, T a = 25°C, 1 MHz 


V cc = 5V, V 0 = 2V, T a = 25 °C, 1 M Hz, 
Output “OFF” 
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DM54S189A/DM74S189A Switching Characteristics 

over recommended operating ranges of T A and V cc unless otherwise noted 


Symbol 

Parameter 

Conditions 

DM54S189A 

DM74S189A 

Units 

Min 

Typ 

(Note 2) 

Max 

Min 

Typ 

(Note 2) 

Max 

l AA 

Access Times from Address 

C L = 30 pF, 
R u = 2800 
(Figure 4) 


20 

30 


20 

25 

ns 

l CZH 

Output Enable Time to 
High Level 

Access Times from 
Chip-Enable 


11 

25 


11 

17 

ns 

tcZL 

Output Enable Time to 
Low Level 


11 

25 


11 

17 

ns 

twZH 

Output Enable Time to 
High Level 

Sense Recovery Times 
from Read/Write 


13 

35 


13 

25 

ns 

*WZL 

Output Enable Time to 
Low Level 


13 

35 


13 

25 

ns 

*CHZ 

Output Disable Time 
from High Level 

Disable Times from 
Chip-Enable 

C L = 5 pF, 
R L = 2800 
(Figure 4) 


12 

25 


12 

17 

ns 

l CLZ 

Output Disable Time 
from Low Level 


12 

25 


12 

17 

ns 

l WHZ 

Output Disable Time 
from High Level 

Disable Times from 
Read/Write 


15 

35 


. 15 

25 

ns 

l WLZ 

Output Disable Time 
from Low Level 


15 

35 


15 

25 

ns 

t w p 

Width of Write Enable Pulse (Read/Write Low) 


m 



20 



ns 

l ASW 

l DSW 

l CSW 

Set-Up Time (Figure 1) 

Address to Read/Write 


0 



0 



ns 

Data to Read/Write 


25 



20 



ns 

Chip-Enable to 
Read/Write 


0 



0 



ns 

l AHW 

l DHW 

tCHW 

Hold Time (Figure 1) 

Address from Read/Write 


0 



0 



ns 

Data from Read/Write 


0 



0 



ns 

Chip-Enable from 
Read/Write 


0 



0 



ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the - 55°C to + 125°C temperature range for the DM54S189(A) and across the O'C to + 70°C 
range for the DM74S189(A). All typicals are given for Vcc = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Ice is measured with all inputs grounded; and the outputs open. 
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DM54S189(A)/DM74S189(A) Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 


Write Cycle 



Access Time from Address Inputs 




WAVE FORM 2 V 0H 
(SI OPEN, 

S2 CLOSED) 

(NOTE 1) M.5V 


FIGURE 1 

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal con- 
ditions such that the output is high except when disabled. 

Note2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t r <2.5 ns, tf<2.5 ns, PRRsI MHz and ZouT = 50n - 


DM54S289/ D M 74S289 Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 


Write Cycle 


CHIP ENABLE 
INPUT 
(NOTE 3) 



Access Time from Address Inputs 


eiBis 





FIGURE 2 

Note 1: Waveform 1 is for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t r s2.5 ns, tf<2.5 ns, PRRsI MHz and ZouT^SOQ. 
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Block Diagram 


ADDRESS 

INPUTS 



Y1 Y2 Y3 Y4 
v - 


OUTPUTS 


TL; L/S197-8 


FIGURE 3 


AC Test Circuits 


D M 54S1 89(A)/ D M 74S1 89(A) 


DM54S289/DM74S289 



C|_ includes probe and jig capacitance. 
All diodes are 1N3064. 


FIGURE 4 


22 
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DM75S06/ DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 


National 

Semiconductor 


Bipolar and ECL RAMs 


DM75S06/ DM85S06 Open-Collector 
DM75S07/ DM85S07 TRI-STATE 
DM75S07A/DM85S07A High Speed TRI-STATE 
Non-Inverting, 64-Bit (16 x 4) RAMs 


General Description 


These 64-bit active-element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) arrays 
organized as 16 words of 4 bits each. They are fully de- 
coded and feature a chip-enable input to simplify decod- 
ing required to achieve the desired system organization. 
The memories feature PNP input transistors that reduce 
the low level input current requirement to a maximum of 
- 0.25 mA, only one-eighth that of a DM54S/DM74S stand- 
ard load factor. The chip-enable circuitry is implemented 
with minimal delay times to compensate for added system 
decoding. 

The TRI-STATE output combines the convenience of an 
open-collector with the speed of a totem-pole output; it 
can be bus-connected to other similar outputs; yet it re- 
tains the fast rise time characteristics of the TTL totem- 
pole output. Systems utilizing data bus lines with a de- 
fined pull-up impedance can employ the open-collector 
DM75S06. 

Write Cycle: The information at the data input is written 
into the selected location when both the chip-enable input 
and the read/write input are low. While the read/write input 
is low, the outputs are in the high-impedance state. When 
a number of the DM85S07 outputs are bus-connected, this 
high-impedance state will neither load nor drive the bus 
line, but it will allow the bus line to be driven by another ac- 
tive output or a passive pull-up if desired. 

Read Cycle: The stored information is available at the 
outputs when the read/write input is high and the chip- 

Connection Diagram 

Dual-ln-Line Package 

SELECT INPUTS DATA DATA 

, * s INPUT OUTPUT INPUT OUTPUT 




SELECT CHIP READ/ DATA OUTPUT DATA OUTPUT GNO 

INPUT A ENABLE WRITE INPUT Yt INPUT Y2 

1 2 

TnPVIFW TL/U5169-1 


enable is low. When the chip-enable is high, the outputs 
will be in the high-impedance state. 

The fast access time of the DM75S07A makes it particu- 
larly attractive for implementing high-performance mem- 
ory functions requiring access times less than 25 ns. The 
high capacitive drive capability of the outputs permits ex- 
pansion without additional output buffering. The unique 
functional capability of the DM75S07 outputs being at a 
high-impedance during writing, combined with the data in- 
puts being inhibited during reading, means that both data 
inputs and outputs can be connected to the data lines of a 
bus-organized system without the need for interface 
circuits. 


Features 

■ Schottky-clamped for high speed applications (75S07 A) 

access from chip-enable input 17nsmax 

access from address inputs 25 ns max 

■ TRI-STATE outputs drive bus-organized systems and/or 
high capacitive loads 

B DM75S06, DM85S06 are functionally equivalent and 
have open-collector outputs 

B DM75SXX is guaranteed for operation over the full 
military temperature range of -55°Cto + 125°C 

B Compatible with most TTL logic circuits 

fl Chip-enable input simplifies system decoding 


Truth Table 


Function 



Read / 
Write 

Output 

L 

High-Impedance 

H 

Stored Data 

X 

High-Impedance 


H= High Level 
L = Low Level 
X = Don’t Care 

Order Number DM75S06J, DM75S07J, DM75S07AJ, 
DM85S06J, DM85S07J or DM85S07AJ 
See NS Package J16A 

Order Number DM85S06N, DM85S07N or DM85S07AN 
See NS Package N16E 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Note d 

SupplyVoltage,V cc 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

StorageTemperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V,H 

High Level Input Voltage 


2 



V 

— 

Low Level Input Voltage 




0.8 


V OH 

High Level Output Voltage 

Vcc- Min 

l QH = - 2.0 mA, DM75S07(A) 

mm 

mm 


mm 

l 0H = -5.2 mA, DM85S07(A) 

mm 

3.2 


V 

•cEX 

High Level Output Current 
Open-Collector Only 

V cc = Min 

V 0H = 2.4V 



40 

/‘A 

V OH = 5.5V 



100 

/‘A 

V OL 

Low Level Output Voltage 

Vcc = Min 

lo L = 16 mA 



0.45 

V 

Iq L = 20 mA 



0.5 

V 

l>H 

High Level Input Current 

V cc = Max, V, = 2.4V 



10 

fiA 

l| 

High Level Input Current at Maximum 
Voltage 

V cc = Max, V, = 5.5V 

|j§f 

■ 

1.0 

mA 

IlL 

Low Level Input Current 

V cc = Max, V, = 0.40V 



-250 

/*A 

•os 

Short Circuit Output Current (Note 4) 

V cc = Max, V o = 0V 
DM75S07(A), DM85S07(A) 

-30 

■ 

-90 

mA 

•cc 

Supply Current (Note 5) 

V cc = Max 


75 

100 

mA 

V IC 

Input Clamp Voltage 

V C c = Min, l| = - 18 mA 



-1.2 

V 

B 

TRI-STATE Output Current, High Level 
Voltage Applied 

V cc = Max, V 0 = 2.4V 
DM75S07(A), DM85S07(A) 


■ 

40 

n A 


TRI-STATE Output Current, Low Level 
Voltage Applied 

V cc -Max, V 0 = 0.4V 
DM75S07(A), DM85S07(A) 

-40 

■ 

■ 

f*A 

C IN 

Input Capacitance 

V cc = 5V, V, N = 2 V, T a = 25°C, 1 MHz 


4 


PF 

H 

Output Capacitance 

V C c = 5V, V 0 = 2V, T a = 25°C, 1 M Hz 
Output “Off” 

■ 

6 

■ 

PF 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (V cc ) 

DM75S06/DM75S07(A) 

4.5 

5.5 

V 

DM85S06/DM85S07(A) 

4.75 

5.25 

V 

Temperature (T A ) 

DM75S06/DM75S07(A) 

-55 

+ 125 

°c 

DM85S06/DM85S07(A) 

0 

+ 70 

°c 


22 


22-11 


DM75S06/ DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 






















































































DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 


DM75S07/DM85S07 Switching Characteristics 

over recommended operating ranges of T A and V C c unless otherwise noted 

Symbol 

Parameter 

Conditions. 

DM75S07 

DM85S07 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

*AA 

Access Times from Address 

C L = 30 pF, 
R L = 2800 
(Figure 4) 


25 

50 


25 

35 

ns 

*CZH 

Output Enable Time to 
High Level 

Access Times from 
Chip-Enable 


12 

25 


12 

17 

ns 

fcZL 

Output Enable Time to 
Low Level 


12 

25 


12 

17 

ns 

twZH 

Output' Enable Time to 
High Level 

Sense Recovery Times 
from Read/Write 


13 

35 


13 

25 

ns 

twZL 

Output Enable Time to 
Low Level 


13 

35 


13 

25 

ns 

tCHZ 

Output Disable Time 
from High Level 

Disable Times from 
Chip-Enable 

C L = 5 pF, 
R L = 2800 
(Figure 4) 


12 

25 


12 

17 

ns |* 
ji 

f CLZ 

Output Disable Time 
from Low Level 


12 

25 


12 

17 

ns 1 

fWHZ 

Output Disable Time 
from High Level 

Disable Times from 
Read/Write 


15 

35 


15 

25 

ns 

twLZ 

Output Disable Time 
from Low Level 


15 

35 


15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


m 



25 



ns 

Usw 

f DSW 

tcsw 

Set-Up Time (Figure 1 ) 

Address to Read/Write 

■ 

m 



0 



ns 

Data to Read/Write 

m 



25 



ns 

Chip-Enable to 
Read/Write 




0 

■ 


ns 

UtHW 
f DHW 
<CHW 

Hold Time ( Figure 1) 

Address from Read/Write 


0 



0 



ns 

Data from Read/Write 

0 



0 



ns 

Chip-Enable from 
Read/Write 

0 



0 



ns 

DM75S07A/DM85S07A Switching Characteristics 

over recommended operating ranges of T A and Vcc unless otherwise noted 

Symbol 

Parameter 


DM75S07A 

DM85S07A 

Units 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

t AA 

Access Times from Address 



20 

30 


20 

25 

ns 

tcZH 

Output Enable Time to 
High Level 

Access Times from 
Chip-Enable 



12 

25 


12 

17 

ns 

f CZL 

Output Enable Time to 
Low Level 

C l = 30 pF, 
R L = 2800 


12 

25 


12 

17 

ns 

twZH 

Output Enable Time to 
High Level 

Sense Recovery Times 
from Read/Write 

(Figure 4) 


13 

35 


13 

25 

ns 

fwZL 

Output Enable Time to 
Low Level 



13 

35 


13 

25 

ns 
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...«vuy / a Switching Characteristics (Continued) 

v/»cr recommended operating ranges of T A and V<x unless otherwise noted 



i 



DM75S07A 

DM85S07A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

tCHZ 

Output Disable Time 
from High Level 

Disable Times from 



12 

25 


12 

17 

ns 

f CLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

C|_ = 5 pF, 
R l = 280Q 
(Figure 4) 


12 

25 


12 

17 

ns 

*WHZ 

Output Disable Time 
from High Level 

Disable Times from 


15 

35 


15 

25 

ns 

twLZ 

Output Disable Time 
from Low Level 

Read/Write 



15 

35 


15 

25 

ns 

twp 

Width of Write Enable Pulse (Read/Write Low) 


0 



20 



ns 

Usw 

Set-Up Time ( Figure 1) 

Address to Read/Write 


0 



0 



ns 

*DSW 


Data to Read/Write 


0 



20 



ns 

*CSW 


Chip-Enable to 
Read/Write 


0 

■ 


0 

■ 


ns 

Uhw 

Hold Time (Figure 1) 

Address from Read/Write 


0 



0 



ns 

f DHW 


Data from Read/Write 


0 



0 



ns 

l CHW 


Chip-Enable from 
Read/ Write 


0 

■ 


0 

pm 


ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Tomporuturo 
Range” they are not meant to Imply that the devices should be operated at these limits.The tableof "Electrical Characteristics” provldos conditions for actual 
device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the - 55*C to + 125*C temperature range for the DM75S07(A) and across the O'C to + 70"C 
range for the DM85S07(A), All typicals are given for Wqq = 5.0V and T A = 25“C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Ice I s measured with all inputs grounded; and the outputs open. 


DM75S07(A)/DM85S07(A) Switching Time Waveforms 


Enable and Disable Time from Chip-Enable Write Cycle 



»te 1: Waveform 1 1s for the output with internal conditions such that the output Is low except when disabled. Waveform 2 is for the output with internal con- 
ions such that the output Is high except when disabled. 

te 2: When measuring delay times from address inputs, the chip-enable input Is low and the read/write input is high. 

te 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

e 4: Input waveforms are supplied by pulse generators having the following characteristics: t r s2.5 ns, t(s2.5 ns, PRRsI MHz and ZoUT~ 50!5 - 
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DM75S06/DM85S06 Switching Characteristics 

over recommended operating ranges of T A and V cc unless otherwise noted 



Sense Recovery Time 
from Read/Write 



Access Times from Address 


Enable Time from 
Chip-Enable 


Enable Time from 
Read/Write 


Disable Time from 
Chip-Enable 


Disable Time from 
Read/Write 


Width of Write Enable Pulse (Read/Write Low) 


Set-Up Time ( Figure 2) Address to Read/Write 
Data to Read/Write 

Chip-Enable to 
Read/Write 


Address from Read/Write 


Data from Read/Write 


Chip-Enable from 
Read/Write 


C L = 30 pF, 
R|_i — . 3000, 
R L2 = 6000 
(Figure 4) 



*ahw Hold Time ( Figure 2) 

l DHW 


DM75S06 

DM85S06 


Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 


25 

50 


25 

35 

ns 


12 

25 


12 

17 

ns 


13 

35 


13 

25 

ns 


12 

25 


12 

20 

ns 


13 

35 


13 

25 

ns 




DM75S06/DM85S06 Switching Time Waveforms 

Enable and Disable Time from Chip-Enable 



Access Time from Address Inputs 


OV -/ 

Vqh ■ ■ 


Write Cycle 



WAVEFORM 1 
(NOTE 1) 


FIGURE 2 

Note 1: Waveform 1 1s for the output with internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address Inputs, the chip-enable Input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t r s2.5 ns, tfs2.5 ns, PRRsI MHz and Zqut® 500 - 
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DM75S07A/DM85S07A Switching Characteristics (Continued) 

over recommended operating ranges of T A and Vcc unless otherwise noted 






DM75S07A 

DM85S07A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

tCHZ 

Output Disable Time 
from High Leve! 

Disable Times from 



12 

25 


12 

17 

ns 

f CLZ 

Output Disable Time 
from Low Level 

Chip-Enable 

C[, = 5 pF, 
R L = 280fi 
(Figure 4) 


12 

25 


12 

17 

ns 

l WHZ 

Output Disable Time 
from High Level 

Disable Times from 


15 

35 


15 

25 

ns 

f WLZ 

Output Disable Time 
from Low Level 

Read/Write 



15 

35 


15 

25 

ns 

t W p 

Width of Write Enable Pulse (Read/Write Low) 


m 



20 



ns 

*ASW 

Set-Up Time (Figure 1) 

Address to Read/Write 


0 



0 



ns 

tosw 


Data to Read/Write 


Q 



20 



ns 

tesw 


Chip-Enable to 
Read/Write 


0 



0 

■ 


ns 

l AHW 

Hold Time (Figure 1) 

Address from Read/Write 


0 



0 



ns 

Idhw 


Data from Read/Write 


0 



0 



ns 

tCHW 


Chip-Enable from 
Read/Write 


0 



0 



ns 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature 
Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the - 55"C to + 125*C temperature range for the DM75S07(A) and across the 0°C to + 70°C 
range for the DM85S07(A). All typicals are given for Vcc = 5.0V and T A = 25°C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Ice Is measured with all Inputs grounded; and the outputs open. 


DM75S07(A)/DM85S07(A) Switching Time Waveforms 


Enable and Disable Time from Chip-Enable Write Cycle 



ditions such that the output Is high except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address Inputs are steady-state and the read/write input is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t r s2.5 ns, tfs2.5 ns, PRR<1 MHz and Zout~50Q. 
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DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 


DM75S06/DM85S06 Switching Characteristics 

over recommended operating ranges of T A and V cc unless otherwise noted 



DM75S06 


Sense Recovery Time 
from Read/Write 



Access Times from Address 


Enable Time from 
Chip-Enable 


Enable Time from 
Read/Write 


Disable Time from 
Chip-Enable 


Disable Time from 
Read/Write 


Width of Write Enable Pulse {Read/Write Low) 


Set-Up Time (Figure 2) Address to Read/Write 
Data to Read/Write 


C l = 30 pF, 
R L1 == 300Q, 
Rl 2 = 600f] 
(Figure 4) 



t ahw Hold Time (Figure 2) 

l DHW 


Chip-Enable to 
Read/Write 


Address from Read/Write 


Data from Read/Write 


Chip-Enable from 
Read/Write 


Typ 

(Note 1) 

Max 

25 

50 

12 

25 

13 

35 

12 

25 

13 

35 




DM75S06/DM85S06 Switching Time Waveforms 


Enable and Disable Time from Chip-Enable 



Access Time from Address Inputs 



Write Cycle 



WAVEFORM 1 
(NOTE 1) 


FIGURE 2 

Note 1: Waveform 1 Is for the output with Internal conditions such that the output is low except when disabled. 

Note 2: When measuring delay times from address inputs, the chip-enable Input is low and the read/write input is high. 

Note 3: When measuring delay times from chip-enable input, the address inputs are steady-state and the read/write Input Is high. 

Note 4: Input waveforms are supplied by pulse generators having the following characteristics: t r s2.5 ns, tf<2.5 ns, PRRsI MHz and ZouT= 50tJ - 
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Block Diagram 


ADDRESS I ADDRESS 

INPUTS | 14 I BUFFERS 


1 OF 16 
DECODERS 


64-BIT MEMORY 
MATRIX 
ORGANIZED 
16x4 


_ 2 

CHIP ENABLE (CE) 


READ/WRITE (R/W) — 


WRITE AND SENSE 
AMPLIFIER CONTROL 


DATA INPUTS- , 10 

D3 

12 

D4 


AC Test Circuits 


FIGURE 3 


Y1 Y2 Y3 Y4 


DM75S06/DM85S06 


DM75S07(A)/DM85S07(A) 



C L > r l2 



C[_ Includes probe and jig capacitance. 
All diodes are 1N3064. 


FIGURE 4 



22-15 


DM75S06/DM85S06, DM75S07/DM85S07, DM75S07A/DM85S07A 






DM77S401/DM87S401,DM77S402/DM87S402 


National 

Semiconductor 


Bipolar and ECL RAMs 


DM77S401 /DM87S401 , DM77S402/DM87S402 
Rrst-ln, Rrst-Out (FiFo) 

64 x 4, 64 x 5 Serial Memories 

General Description Features 


The DM77S401 is an expandable “fall-through” type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 10 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 


10 MHz shift in, shift out 
TTL inputs and outputs 

Inputs and outputs are symmetrically placed on 
package 

Easily expandable word and bit dimensions 
Either synchronous or asynchronous operation 
Fairchild F3341 MOS FiFo pin compatible but 
many times faster! 

Choice of 4-bit or 5-bit data width 


Block Diagrams 


DM77/DM87S401 

64x4 



MASTER RESET 


DM77/DM87S402 

64x5 


62 x 5-BIT 
REGISTER 




MASTER RESET 
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Absolute Maximum Ratings 


Supply Voltage, Vcc 7 Volts 

Input Voltage 7 Volts 

Off-State Output Voltage 5.5 Volts 

Storage Temperature - 65° to +150° C 

Electrical Characteristics Over Operating Conditions DM77/DM87S401; DM77/DM87S402 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Low-Level Input Voltage 




0.8 

V 

V|H 

High-Level Input Voltage 


2 



V 

Vic 

Input Clamp Voltage 

< 

0 

0 

11 

£ 

p 

li = -18mA 



-1.5 

V 

l|L 

Low-Level D0-D4, MR 

Input Current 

Vcc — Max, 

V, = 0.45V 


■ 

-0.4 

mA 

1 IH 

High-Level Input Current 

Vcc = Max, 

V| = 2.4V 



50 

MA 

l| 

Maximum Input Current 

Vcc = Max. 

V| = 5.5V 



1.0 

mA 



Vcc - Min 


mm 

■ 



VOL 

Low-Level Output Voltage 

Vil = 0.8V 
V,H =2V 

Iol = 8mA 

■ 

■ 

0.5 

V 



Vcc = Min 



■ ■ 



VOH 

High-Level Output Voltage 

V| L = 0.8V 
V| H =2V 

Iqh = -0.9mA 

2.4 

■ 

m 

V 

los 

Output Short-Circuit Current 
(Note 1) 

Vcc = Max, 

> 

0 

11 

>° 

-20 

■ 

-90 

mA 



Vcc = Max 

DM77S401 

■ 


190 


Icc 

Supply Current 

Inputs Low, 

DM87S401 



160 

mA 



Outputs Open 

DM77S402 

■ 

■ 

210 





DM87S402 


1 

180 



Operating Conditions 


Symbol 

Parameter 

i DM77S401/402 | 

DM87S401/402 i 

Units 

Min 

1 Nom 

Max 

Min 

Nom 

Max 

Vcc 

Supply Voltage 


5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating Free-Air Temperature (Note 2) 

-55 


+125 

0 


+75 

°C 

tsiH 

Shift In HIGH Time 

45 

15 


35 

15 


ns 

tsiL 

Shift In LOW Time 

45 

22 


35 

22 


ns 

f|DS 

Input Data Setup 

10 

-9 


0 

-9 


ns 

1|DH 

Input Data Hold Time 

55 

30 


45 

30 


ns 

tS0H 

Shift Out HIGH Time 

45 

15 


35 

15 


ns 

*SOL 

Shift Out LOW Time 

45 

15 


35 

15 


ns 

Imrw 

Master Reset Pulse (Note 3) 

40 

15 


35 

15 


ns 

Wrs 

Master Reset to SI 

45 

15 


35 

15 


ns 


Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 

Note 3: Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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Switching Characteristics Over Operating Conditions 


Symbol 

Parameter 

DM77S401/402 

i DM87S401/402 j 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

f|N 

Shift In Rate 

7 

16 


10 

16 


MHz 

t|RL 

Shift In to Input Ready LOW 


30 

60 


30 

45 

ns 

t|RH* 

Shift In to Input Ready HIGH 


33 

60 


33 

45 

ns 

f0UT 

Shift Out Rate 

7 

16 


10 

16 


MHz 

tORL 

Shift Out to Output Ready LOW 


40 

65 


40 

55 

ns 

k)RH**' 

Shift Out to Output Ready HIGH 


45 

70 


45 

60 

ns 

toD** 

Output Data Delay 


38 

65 


38 

55 

ns 

tpT 

Data Throughput or “Fall Through" 


1.8 

4 


1.8 

3 

MS 

tMRORL 

Master Reset to OR LOW 


30 

65 


30 

60 

ns 

tMRIRH 

Master Reset to IR HIGH 


30 

65 


30 

60 

ns 

t|PH 

Input Ready Pulse HIGH 

15 

22 


15 

22 


ns 

tOPH 

Output Ready Pulse HIGH 

15 

22 


15 

22 


ns 


‘This delay is dependent upon positive pulse width of SI Input. 
"These delays are dependent upon positive pulse width of SO Input. 


Functional Description 

DATA INPUT 

Data is entered in the FiFo on D 0 -D 3 (D 0 -D 4 on the 402) 
inputs. If the first location is ready to accept data, the 
Input Ready (IR) pin will be high. Data then present on 
the four input pins will be entered to the first location 
when the Shift In (SI) pin goes high. A high on the SI pin 
will cause the IR pin to go low. The old data will remain 
on the first location until SI is brought low again and 
IR goes low. If SI is brought low before IR goes low, 
data transfer will not take place until IR goes low. If 
the FiFo is not full (i.e., all locations contain data), 
IR will go high, indicating that the first location can 
accept more data from the four input pins. Simul- 
taneously with IR going high, data will shift to the 


second location and so forth until it either reaches 
the output stage or a full location. When the mem- 
ory is full, IR will remain low and the FiFo will accept 
no more data. 


DATA TRANSFER 

Once data is entered into the second location, the j 
transfer of any full location to the downstream adjacent 
empty location is automatically activated by an on-chip 
control. Thus data will stack up at the end of the FiFo 
while empty locations fill to the front. The time required 
for the first data to travel from input to output locations is 
called Data Throughput Time or tpj. 


Connection Diagrams 

DM77/DM87S401 
Dual-ln-Line Package 



DM77/DM87S402 
Dual-ln-Line Package 



OUTPUTS 


L- MASTER RESET 


Order Number DM77S401 J, DM87S401 J, 
DM77S402J, DM87S402J, DM77S401N, 
DM87S401N, DM77S402N or DM87S402N 
See NS Package J16A or N16A 
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DATA OUTPUT 

Data is output from Pins O 0 -O 3 (O 0 -O 4 on the 402). cause OR to go high unless the output stage is 

When data is shifted into the output stage, Output Ready empty (all data shifted out), in which case OR stays 

(OR) goes high to indicate the presence of valid data. low. 

When the OR is high, data may be shifted out of O 0 -O 3 

by pulling Shift Out (SO) high. A high signal on the SO Input Ready (IR) and Output Ready (OR) may also be 

pin will cause the OR pin to go low. When the SO pin is used as status signals since IR will stay low for at least 

brought low again, and OR is low, any valid data at tpjiftheFiFoisfullandORwillstaylowforatleasttpjif 

the next upstream stage is shifted to the output. the FiFo is empty. 

Then all valid upstream data moves down one loca- 
tion. New valid data on the output stage will again 


Standard Test Load 



J LI 000-3 
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DM77S401 A/ DM87S401 A, DM77S402A/DM87S402A 



National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM77S401 A/ DM87S401 A, DM77S402A/ DM87S402A 
First-In, First-Out (FiFo) 


64 x 4, 64 x 5 Serial Memories 

General Description 

The DM77S401A is an expandable “fall-through” type 
high-speed First-in, First-out (FiFo) memory organized 
in 64-word by 4-bit, and 64-word by 5-bit structures 
respectively. A 15 MHz data rate allows usage in 
high-speed disc or tape controllers as well as PCM 
and communications buffer applications. 


Features 

■ 15 MHz shift in, shift out 

■ TTL inputs and outputs 

■ Inputs and outputs are symmetrically placed on 
package 

■ Easily expandable word and bit dimensions 

■ Either synchronous or asynchronous operation 

■ Fairchild F3341 MOS FiFo pin compatible but 
many times faster! 

■ Choice of 4-bit or 5-bit data width 


Block Diagrams DM 77 /DM 87 S 401 A 

64x4 



MASTER RESET 


JL1000-1 


DM77/DM87S402A 


64x5 


°o 

“l 

d 2 

°3 

°4 


INPUT 

READY 

SHIFT 

IN 



MASTER RESET 


JL1000-2 
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Absolute Maximum Ratings 


Supply Voltage, Vcc 7 Volts 

Input Voltage 7 Volts 

Off-State Output Voltage 5.5 Volts 

Storage Temperature - 65° to +150° C 

Electrical Characteristics Over Operating Conditions DM77/DM87S401A, DM77/DM87S402A 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V,L 

Low-Level Input Voltage 




0.8 

V 

V|H 

High-Level Input Voltage 


2 



V 

V|C 

Input Clamp Voltage 

< 

0 

0 

11 

p 

!i - -18mA 



-1.5 

V 

IlL 

Low-Level D0-D4, MR 

Input Current 

Vcc — Max, 

V| = 0.45V 

■ 

■ 

-0.4 

mA 

IlH 

High-Level Input Current 

V C c = Max, 

V, = 2.4V 



50 

mA 

l| 

Maximum Input Current 

Vcc = Max, 

V t = 5.5V 



1.0 

mA 



Vcc = Min 


mm 

I 



V OL 

Low-Level Output Voltage 

Vil = 0.8V 
V, H =2 V 

lot = 8mA 


A 

0.5 

V 



Vr.o = Min 



■ 



V OH 

High-Level Output Voltage 

V, L = 0.8V 
V 1H =2 V 

•oh = -0.9mA 

2.4 

■ 

■ 

V 

los 

Output Short-Circuit Current 
(Note 1) 

V C c = Max, 

> 

0 

II 

-20 

■ 

-90 

mA 



Vcc = Max 

DM77S401A 

■ 


HI 


lee 

Supply Current 

Inputs Low, 

DM87S401A 

1 H 

■ 

■39 

mA 



Outputs Open 

DM77S402A 

H 

■ ■ 

ill 





DM87S402A 

■ 


HI 



Operating Conditions 


Symbol 

Parameter 

DM77S401A/402A | 

DM87S401 A/402A | 

Units 

Min 

Nom 

Max 

Min 

Nom 

Max 

v cc 

Supply Voltage 


5 

5.5 

4.75 

5 

5.25 

V 

Ta 

Operating Free-Air Temperature (Note 2) 

-55 


+125 

0 


+75 

°C 

tSIH 

Shift In HIGH Time 

35 

10 


25 

10 


ns 

tsiL 

Shift In LOW Time 

40 

21 


33 

21 


ns 

t|DS 

Input Data Setup 

5 

-9 


0 

-9 


ns 

t|DH 

Input Data Hold Time 

45 

24 


40 

24 


ns 

tS0H 

Shift Out HIGH Time 

35 

10 


25 

10 


ns 

tsOL 

Shift Out LOW Time 

35 

10 


25 

10 


ns 

tMRW 

Master Reset Pulse (Note 3) 

30 

10 


20 

10 


ns 

tMRS 

Master Reset to SI 

45 

10 


20 

10 


ns 


Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Note 2: Case temperature. 

Note 3: Master reset clears all the cells to the empty state, and the data outputs to a LOW state. 
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DM77S401A/DM87S401A, DM77S402A/DM87S402A 


Switching Characteristics Over Operating Conditions 


Symbol 

Parameter 

f|N 

Shift In Rate 

t|RL 

Shift In to Input Ready LOW 

t|RH* 

Shift In to Input Ready HIGH 

f OUT 

Shift Out Rate 

tORL 

Shift Out to Output Ready LOW 

tORH** 

Shift Out to Output Ready HIGH 

toD ** 

Output Data Delay 

tpT 

Data Throughput or “Fall Through" 

tMRORL 

Master Reset to OR LOW 

tMRIRH 

Master Reset to IR HIGH 

t|PH 

Input Ready Pulse HIGH 

t 0 PH 

Output Ready Pulse HIGH 


DM77S401A/402A 


Min I Typ 


DM87S401A/402A 





'This delay is dependent upon positive pulse width of SI input. 
'These delays are dependent upon positive pulse width of SO input. 


Functional Description 


DATA INPUT 

Data is entered in the FiFo on D 0 -D 3 (D 0 -D 4 on the 402) 
inputs. If the first location is ready to accept data, the 
Input Ready (IR) pin will be high. Data then present on 
the four input pins will be entered to the first location 
when the Shift In (SI) pin goes high. A high on the SI pin 
will cause the IR pin to go low. The old data will remain 
on the first location until SI is brought low again and 
IR goes low. If SI is brought low before IR goes low, 
data transfer will not take place until IR goes low. If 
the FiFo is not full (i.e., all locations contain data), 
IR will go high, indicating that the first location can 
accept more data from the four input pins. Simul- 
taneously with IR going high, data will shift to the 


second location and so forth until it either reaches 
the output stage or a full location. When the mem- 
ory is full, IR will remain low and the FiFo will accept 
no more data. 


DATA TRANSFER 

Once data is entered into the second location, the 
transfer of any full location to the downstream adjacent 
empty location is automatically activated by an on-chip 
control. Thus data will stack up at the end of the FiFo 
while empty locations fill to the front. The time required 
for the first data to travel from input to output locations is 
called Data Throughput Time or tpy. 


Connection Diagrams 


DM77/DM87S401A 
Dual-ln-Line Package 


INPUT READY - 
SHIFTIN' 

ro 0 . 

Ol- 


ios -4 T 

GND — I 8 


16 — V CC 
15 -SHIFT OUT 
14 -OUTPUT READY 
13 -Oo' 

5 :5 - ° utputs 

10 — 03 . 

9 -MASTER RESET 


DM77/DM87S402A 
Dual-ln-Line Package 


INPUT READY . 
SHIFT IN . 
f Do. 


DATA IN 4 02 — 16 
I O 3 — 1 7 


18 — Vcc 
17 _ SHIFT OUT 
16 - OUTPUT READY 
15 - OoT 
14-0] 

13 - 0 2 \ OUTPUTS 


10 U MASTER RESET 


Order Number DM77S401AJ, DM87S401AJ, 
DM77S402AJ, DM87S402AJ, DM77S401AN, 
DM87S401 AN, DM77S402AN or DM87S402AN 
See NS Package J16A or N16A 
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DATA OUTPUT 

Data is output from Pins O0-O3 {O0-O4 on the 402). 
When data is shifted into the output stage, Output Ready 
(OR) goes high to indicate the presence of valid data. 
When the OR is high, data may be shifted out of O0-O3 
by pulling Shift Out (SO) high. A high signal on the SO 
pin will cause the OR pin to go low. When the SO pin is 
brought low again, and OR is low, any valid data at 
the next upstream stage is shifted to the output. 
Then all valid upstream data moves down one loca- 
tion. New valid data on the output stage will again 


cause OR to go high unless the output stage is 
empty (all data shifted out), in which case OR stays 
low. 

Input Ready (IR) and Output Ready (OR) may also be 
used as status signals since IR will stay low for at least 
tpj if the FiFo is full and OR will stay low for at least tpj if 
the FiFo is empty. 


Standard Test Load 



TEST POINT 
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DM75S68/ DM85S68 



National 

Semiconductor 


Bipolar and ECL RAMs 


DM75S68/DM85S68 16 x 4 Edge Triggered Registers 


General Description 


Features 


These Schottky memories are addressable “D” register 
files. Any of its 16 four-bit words may be asynchronously 
read or may be written into on the next clock transition. 
An input terminal is provided to enable or disable the syn- 
chronous writing of the input data into the location 
specified by the address terminals. An output disable ter- 
minal operates only as a TRI-STATE® output control ter- 
minal. The addressable register data may be latched at 
the outputs and retained as long as the output store ter- 
minal is held in a low state. This memory storage condi- 
tion is independent of the state of the output disable ter- 
minal. 


■ On-chip output register 

■ PNP inputs reduce input loading 

■ Edge triggered write 

■ High speed— 30 ns typ 

■ All parameters guaranteed over temperature 

■ TRI-STATE output 

■ Schottky-clamped for high speed 

■ Optimized for register stack applications 

■ Typical power dissipation— 350 mW 


All input terminals are high impedance at all times, and 
all outputs have low impedance active drive logic states 
and the high impedance TRI-STATE condition. 


Logic and Block Diagram 


(WRITE CLOCK INPUT) 
CLK 


Connection Diagram 

Dual-In-Line Package 




Order Number DM75S68J or DM85S68J 
See NS Package J18A 

Order Number DM75S68N or DM85S68N 
See NS Package N18A 
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Absolute Maximum Ratings (Note d 

Supply Voltage 7.0V 

InputVoltage 5.5V 

Output Voltage 5.5V 

StorageTemperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

High Level Input Voltage 


2 



mm 

V |L 

Low Level Input Voltage 




0.8 

mm. 

X 

o 

> 

High Level Output Voltage 

V C c=Min 

l 0H = - 2.0 mA, DM75S68 

2.4 



wm 



l 0H = -5.2 mA, DM85S68 

2.4 



V 

VOL 

Low Level Output Voltage 

Vqc = Min, Iql = I® mA 

DM75S68 


| 

0.5 

S9 



DM85S68 



0.45 

SB 

wm 

High Level Input Current 

V C c = Max, 

Clock Input 


1 

50 

f*A 



V| H = 2.4V 

All Others 



25 

/*A 

I| High Level Input Current at 

Maximum Voltage 

V cc = Max, V, H = 5.5V 


■ 

1.0 

mA 

l|L 

Low Level Input Current 

V C c = Max, 

Clock Input 



-500 

mA 



V||_ = 0.5V 

All Others 



-250 

mA 

•os 

Short Circuit Output Current (4) 

Vcc= Max, ' 

> 

O 

II 

■ _1 
o 


-20 


-55 

mA 

•cc 

Supply Current 

Vcc= Max 


70 

100 

mA 

V,c 

Input Clamp Voltage 

V cc =Min, l| N = -18 mA 



-1.2 

V 

•oz 

TRI-STATE Output Current 

V C c = Max 

V 0 = 2.4V 



+ 40 

f*A 



V 0 = 0.5V 



-40 

mA 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range” they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DM75S68 and across theO°C to +70° C 
range for the DM85S68. All typicals are given for Vcc = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values 
shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage, V C c 

DM85S68 

4.75 

5.25 

V 

DM75S68 

4.5 

5.5 

V 

Temperature, T A 

DM85S68 

0 

70 

°c 

DM75S68 

-55 

+ 125 

°c 
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Switching Characteristics over recommended operating range of T A and V cc unless otherwise noted 



DM75S68 


i 


Output Enable to High Level 


Output Enable to Low Level 


Output Disable Time from High Level 


Output Disable Time from Low Level 


Access Time Address to Output 

Output Store to Output 
Clock to Output 

Set-Up Time Address to Clock 
Data to Clock 
Address to Output Store 
Write Enable Set-Up Time 
Store Before Write 


Address from Clock 


Data from Clock 


Address from Output Store 


Write Enable Hold Time 



Typ 

Max 

20 

40 

14 

30 

10 

18 

12 

22 

30 

55 

20 

35 

25 

50 




DM85S68 


Typ 


20 


14 


10 


12 


30 


20 


25 


5 


0 


15 


0 


0 


AC Test Circuit and Switching Time Waveforms 



Write Cycle 

Clock Set-Up and Hold Time 


Cj_ = 5.0 pF for tHZ- f LZ 
Cl = 30 pF for all others 
Cl includes probe and jig capacitance 
All diodes are 1 N3064 

Read Cycle 

Address to Output Access Time 


tr 

— -\ 

fUV 

1 ' 


r ,0MC ^ 



— 



( 

-1 



-a 




Output Store Access, Set-Up and Hold Time 

,ddbess “V£ 

wuts --A _Al!. 


Lr — 

t«sos-<-" — »-! r" — < osa — -I 


Output Disable and Enable Time 


Clock to Output Access 





Note: Input waveforms supplied by pulse generator having the following characteristics: V = 3.0V, tp£2.5 ns, PRRsl.O MHz and Zout = 50M - 
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yjWX National 
jlA Semiconductor 


Bipolar and ECL RAMs 


IDM29705/29705A 16-Word by 4-Bit Two-Port 
RAM/Register File 


Genera! Description 

The IDM29705 and 1DM29705A are 16-word by 4-bit 
RAM/Register File chips housed in a standard 28-pin 
dual-in-line package. The IDM29705 and the 
IDM29705A feature TRI-STATE® outputs. These 
RAMs, which are fabricated using SCL® (Schottky 
ECL Technology) feature two separate output ports 
that enable any two 4-bit words to be read from these 
outputs simultaneously. Each output port contains a 
four-bit latch. A common Latch Enable (LE) input is 
used to control all eight latches. The device, which 
has two Write Enable (WE) inputs, is designed so that 
either Write Enable (WE-, or 2 ) and Latch Enable (LE) 
inputs can be wired together to make the operation 
of the RAM appear edge-triggered. 

The device, which has fully decoded A-address and 
B-address fields, can address any of the 16 memory 
words for the A-output port and, simultaneously, 
select any of the 16 words for presentation at the 
B-output port. Incoming data is written into the four- 
bit RAM word selected by the B-address. The D 
inputs are used to load the new data into the device. 

Several of these devices can be cascaded to increase 
the to tal nu mber of memory words in the system. 
When OE-A is high, the A -output port is in the high- 
impedance mode. OE-B, when high, forces the 
B-output port to the high-impedance state. 

TRI-STATE® and SCL® are registered trademarks of National Semiconductor Corp. 


The writing of new data into the RAM is controlled by 
the Write Enable inputs. With both Write Enable 
inputs low, data is written into the word selected by 
the B-address field. The memory outputs follow the 
data inputs during writing if the Latch Enable (LE) is 
high. With either Write Enable high, no data is written 
into the RAM. 

Features and Benefits 

■ 16-Word by 4-Blt, 2-Port RAM/Register Files 

■ Two Output Ports, Each with Separate Output 
Control 

■ 4-Bit Latches on Each Output Port 

■ Non-lnverted Data Output with Respect to Data 
Input 

■ Output Enable and Write Enable Inputs Provide 
Ease in Cascading 

■ SCL Technology (Schottky ECL) Provides ECL 
Speeds While Keeping Low Power Schottky Input/ 
Output Voltage and Power Consumption 
Compatibility 

■ 100% Reliability Testing in Compliance with 
MIL-STD-883 


IDM29705/29705A Block Diagram 
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Absolute Maximum Ratings 

Storage Temperature -65°Cto + 150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 
Supply Voltage to Ground Potential - 0.5V to + 6.3V 

DC Voltage Applied to Outputs for 
High Output State - 0.5V to + V cc max 

DC Input Voltage - 0.5V to + 5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current - 30mA to + 5.0mA 


Operating Range 

Ambient 

P/N Temperature 

IDM29705JC 0°Cto +70°C 

IDM29705JM, JM/883 -55°C to + 125°C 

IDM29705AJC, NC 0Xto+70X 

IDM29705AJM, JM/883 -55X to +125X 


V CC 

4.75V to 5.25V 
4.50V to 5.50V 
4.75V to 5.25V 
4.50V to 5.50V 


Standard Screening (conforms to MIL-STD-883 for Class C parts) 


Step 

MIL-STD-883 

Method 

Pre-Seal Visual Inspection 

2010 

Stabilization Bake 

1008 

Temperature Cycle 

1010 

Centrifuge 

2001 

Fine Leak 

1014 

Gross Leak 

1014 

, Electrical Test 

Subgroups 1 and 7 and 9 

5004 


Conditions 


C: 24-hour 150°C 


C: - 65 °C to + 150°C 
10 cycles 


B: 10,000 G 


A: 5xl0 -8 atm-cc/cm 3 


C2: Fluorocarbon 


See below for 
definitions of subgroups 


Insert Additional Screening Here for Class B Parts 


Level 

DC, PC 

DM, FM 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 


Group A Sample Tests 




Subgroup 1 



LTPD =5 

Subgroup 2 



LTPD =7 

Subgroup 3 

5005 

See below for 

LTPD =7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

Subgroup 8 



LTPD =7 

Subgroup 9 



LTPD =7 



Additional Screening for Class B Parts 


Step 

MILSTD-883 

Method 

Burn-In 

1015 

Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 

5004 


Conditions 


D: 125”C, 160 hours min 


Return to Group A Tests In Standard Screening 



Group A Subgroups 

(as defined In MIL-STD-883, method 5005) 




































































Electrical Characteristics (over operating temperature range, unless otherwise noted) 


Symbol 

Parameter 

Test Conditions (Note 1) 

Min. 

Typ 

(Note 2) 

Max. 

Units 

X 

o 

> 

Output HIGH Voltage 
(IDM29705 only) 

V C c = min 
Vin = V| H or V, L 

Mil, l 0H = -2.0mA 

Kia 



Volts 

Com’l, Iqh = -4.0mA 

EM 



1 

Output LOW Voltage 

V C c = min 
V| N = V| H or V| L 

Iql = 4.0mA 




Volts 

Iol = 8.0mA 



0.45 

Iol = 12mA 



0.5 

Iol = 16 mA (Note 4) 



0.5 

1 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all 
inputs 

2.0 

■ 


Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all 
inputs 



0.8 

Volts 

v. 

Input Clamp Voltage 

Vcc = min, l| N = -18mA 




Volts 

■ 

Input LOW Current 

V C c = max, V| N = 0.4V 

A if B, 



&TE5 

mA 

Others 



-0.36 


Input HIGH Current 

V cc = max, V| N = 2.7V 



20 


n 

Input HIGH Current 

Vcc = max, V (N = 5.5V 



0.1 

mA 

B 

Off State (High Impedance) 
Output Current 

V C c = max 
V|N = V,H or V, L 

V 0 = 2.7 V 



20 

mA 

V 0 = 0.4V 




B 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

29705A 

-30 


EM 

mA 

29705 

-25 


-85 

■cc 

Power Supply Current 

V cc = max 



120 

175 

mA 


AJC 

V cc = 5.25V, T = 70 °C 



155 

mA 

AjM 

V CC = 5.5V, T = 125°C 



145 

mA 


Note 1: For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Note 2: Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: 29705A commercial temperature range only. 


Switching Characteristics (input Levels = 0V and 3.0V, Transitions measured at 1.5V) 
Combinational Delays (in nanoseconds) (C L = 50pF) 






Comm’l 

Mil 





Max. 


Max. 





(Note 1) 

(Note 2) 

Parameters 

From 

To 

Conditions 

705 

705A 

705 

705A 

Access Time 

A Address Stable 

YA Stable 

LE = HIGH 

40 

30 

55 


35 

B Address Stable 

YB Stable 

40 

30 

55 


35 


Both WE LOW 

> 

il 

o 

LE = HIGH, A= B 

45 

45 

48 

45 


-< 

CD 

II 

O 

LE = HIGH 

45 

45 

48 

45 

Turn-On Time 

OE-AorOE-BLOW 



25 

20 

25 

25 

Turn-Off Time 

OE-AorOE-BHlGH 

YA or YB Off 

C L = 5pF (Note 3) 

20 

20 

20 

20 

Reset Time 

A-LO LOW 

YA LOW 


20 

20 

30 

25 

Enable Time 

LE HIGH 

YA and YB Stable 


25 

20 

25 

25 


Data In 

YA or YB = D 

LE = HIGH, WE 
both LOW, A = B 

45 

45 

45 

45 


22-29 


IDM29705/29705A 



















































































































































I DM29705/29705A 


Switching Characteristics (cont d) 

Minimum Setup and Hold Times (in nanoseconds) 


Parameters 

From 

To 

Conditions 

Comm’l 

Mil 

Max. 
(Note 1) 

Max. 
(Note 2) 

705 

705A 

705 


Data Setup Time 

D Stable 

Either WE HIGH 


20 

15 

25 

20 

Data Hold Time 

Either WE HIGH 

D Changing 


0 

0 

0 

0 

Address Setup Time 

B Stable 

Both WE LOW 


3 

0 

5 

3 

Address Hold Time 

Either WE HIGH 

B Changing 


0 

0 

0 

0 

Latch Close 
Before Write Begins 

LE LOW 

WE, LOW 

we 2 low 

0 

0 

0 

0 

LE LOW 

we 2 low 

WEt low 

0 

0 

0 

0 

Address Setup 
Before Latch Closes 

A or B Stable 

LE LOW 


20 

15 

40 

20 


Minimum Pulse Widths (in nanoseconds) 






Comm’l 

Mil 





Max. 

Max. 





(Note 1) 

(Note 2) 

Parameters 

From 

To 

Conditions 

705 

705A 

705 

705A 

Write Pulse Width 

WEt 

HIGH-LOW-HIGH 

we 2 low 

25 

20 

25 

20 


we 2 

HIGH-LOW-HIGH 

WE 1 LOW 

20 

20 

20 

■ 

A Latch Reset Pulse 

A-LO 

HIGH-LOW-HIGH 


20 

15 

20 

wm 

Latch Data Capture 

LE 

LOW-HIGH-LOW 

Address Stable 

20 

15 

20 

15 


Note 1: T a = 0"C to +70°C, V cc = 5.0V ±5%. 

Note 2: -55°Cto + 125°C, V cc = 5.0V ±10% 

Note 3: Measured from 1.5V at the Input to 0.5V change in the output level. 


Function Tables 


Write Control 


WEi 

WE 2 

Function 

RAM Outputs at Latch Inputs 

A-Port 

B-Port 

L 

L 

Write D into B 

A data (A # B) 

D input data 

X 

H 

No write 

A data 

B data 

H 

X 

No write 

A data 

B data 


YA Read 


Inputs 

YA Output 

Function 

OE-A 

A-LO 

LE 

H 

X 

X 

Z 

High impedance 

L 

L 

X 

L 

Force YA LOW 

L 

H 

H 

A-Port RAM data 

Latches transparent 

L 

H 

L 

NC 

Latches retain data 
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Function Tables (continued) 


YB Read 


Inputs 

YB Output 

Function 

OE-B 

LE 

H 

X 

Z 

High impedance 

L 

H 

B-Port RAM data 

Latches transparent 

L 

L 

NC 

Latches retain data 

H = HIGH 

z = 

High impedance 


L = LOW 

NC 

= No change 



X = Don't care 


Pinout Descriptions of the 
I DM29705/29705A 

D 3 - D 0 : Through these inputs new data can be written 
in the location specified by the B-address inputs. 

A 3 -A 0 : The 4-bit address presented at the A inputs 
selects one of the 16 memory words for presentation 
at the A-data latch outputs. 

B 3 -B 0 : The 4-bit address presented at the B inputs 
selects one of the 16 memory words for presentation 
at the B-data latch outputs. This address also selects 
the location into which data is written. 

YA 3 - YA 0 : The four A-data latch outputs. 

YB 3 -YB 0 :The four B-data latch outputs. 

WE 1 ,WE 2 : Write enable inputs. When both are low, 
enables data to be written into the RAM location 
selected by the B-address field. When either Write 
Enable input is high, no data can be written into 
memory. 

OE-A: A-port output enable. When low, data in the 
A-data latch is present at the YAj outputs. When high, 
the YAj outputs are in the high-impedance mode. 


OE-B: B-port output enable. When low, data in the 
B-data latch is presented at the YB, outputs. When 
high, the YB| outputs are in the high-impedance 
mode. 


LE: Latch enable. The LE input acts as control for 
both the RAM-A and RAM-B output ports. When high 
the latches are transparent and data from the RAM, 
as selected by the A and B address inputs, is 
presented at the outputs. When low, the latches 
retain the last data read from the RAM regardless of 
the current A and B address inputs. 


A-LO: Force A to zero. This input operates to force 
the A-port latch outputs low independent of the LE 
input or A address inputs. The A-output bus c an be 
forced low using this control input. With A-LO high, 
the A latches operate in their normal manner. Once 
forc ed lo w, the A latches remain low independent of 
the A-LO input if the Latch Enable (LE) is low. 


IDM29705/29705A Connection Diagram and Test Load 


D1 — 

1 


28 

— Vcc 

DO — 

2 


27 

— D2 

WEI — 

3 


26 

— D3 

BO — 

4 


25 

— WE2 

B1 — 

5 


24 

— AO 

B2 — 

6 


23 

— A1 

B3 — 

7 

1 DM29705/ 

22 

— A2 

A-LO — 

8 

29705A 

21 

— A3 

LE — 

g 


20 

— OLA 

YBO — 

10 


19 

— OFB 

VAO — 

ii 


18 

— YA3 

YB1 — 

12 


17 

— YB3 

YA1 — 

13 


16 

— YA2 

GND — 

14 


15 

— YB2 



H4- 

y 

X s 

:>* y_ 

' 1 

y 

o . 


t 


Note 1: Cl= 50 pF Includes scope probe, wiring and stray 
capacitances without device in test fixture. 

Note 2: SI, S2, S3 are closed during function tests and all 
AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for tpzn test. 

SI and S2 are closed while S3 is open for tp/|_ test. 
Note 4: C|_= 5 pF for output disable tests. 
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DM10414, DM10414A 


National 
Semiconductor 

DM10414, DM1 041 4A 256 x 1 

General Description 

The DM10414, DM 104 14 A is a 256-word by 1-bit 
ECL random access memory. The fully static memory is 
designed with active low chip selects and separate I/O 
pins. The 8 address bits (A0 through A7) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10k ECL families. 


Bipolar and ECL RAMs 


ECL Random Access Memory 

Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°C to +75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing tem- 


perature 

■ Typical address access 

DM10414 10 ns 

DM1 041 4A 7 ns 

■ Typical chip select access 

DM10414 4 ns 

DM10414A 3 ns 



Block and Connection Diagrams 



°0UT 


■ C5I 

■ CSZ 
■CSI 


din 


A4 A5 A6 A7 


Dual-ln-Line Package 



Order Number DM10414J 
or DM10414AJ 
See NS Package J16A 


Logic Symbol 


Truth Table 



E5T E5J E53 


Pin Names 

Address Inputs 
Data Input 
Data Output 
Chip Select Inputs 
Write Enable 


cs 

WE 

Din 

DoUT 

MODE 

H 

X 

X 

L 

Not Selected 

L 

L 

H 

l 

Write 1 

L 

L 

L 

L 

Write 0 

L 

H 

X 

°OUT 

Read 


A0-A7 

din 

pout 

CS1, CS2, CS3 
WE 


L = low (-1.7V nominal) 
H = high (-0.9V nominal) 
X = don't care 
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Absolute Maximum Ratings Operating Conditions 

MIN MAX UNITS 

Temperature Under Bias (Ambient) -55°C to +1 25°C Supply Voltage (Vee) -5.46 -4.94 V 

Storage Temperature Range -65°C to +150° C Ambient Temperature (Ta) 0 +75 °C 

Vee Relative to Vqq —7.0V to +0.5V 

Any Input Relative to V^c V££to+0.5V 

Output Current (Output High) -30 mA to +0.1 mA 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 

Vee = -5.2V, Output Load = 50fi and 30 pF to -2.0V, T A = 0°C to +75°C (Notes 1-4) 

SYMBOL 

PARAMETER 

CONDITIONS 

Ta 

B 

LIMIT 

A 

LIMIT 

UNITS 

VOH 

Output Voltage High 

V|N = V|HA or V|LB 

o°c 

+25°C 

+75°C 


-840 

-810 

-720 

mV 

VOL 

Output Voltage Low 

V|N = V|HA or V|LB 

0°C 

+25°C 

+75 c ’C 

i 

m 

mV 

VOHC 

Output Voltage High 

v in = vihb or Vila 

Performed on one input 
at a time 

0°C 

+25°C 

+75°C 

-1020 

-980 

-920 


mV 

VOLC 

Output Voltage Low 

vin = vihb or Vila 

Performed on one input 
at a time 

0°C 

+25°C 

+75°C 


1 

mV 

V|H 

Input Voltage High 

Guaranteed Input Voltage High 
for All Inputs 

0°C 

+25°C 

+75°C 


-840 

-810 

-720 

mV 

V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

+25°C 

+75°C 

■ 

■ 

mV 

IlH 

Input Current High 

V|N = V|HA 

Performed on one input 
at a time 

0°C 

to 

+75°C 


220 

liA 

IlL 

Input Current Low, CS 
All Others 

V|N = V|LB 
Performed on one input 
at a time 

0°C 

to 

+75°C 

0.5 

-50 

170 

MA 

• EE 

Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs Open 

0°C 

to 

+75°C 

-150 


mA 

Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case" conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M, and 2-minute warm-up period. Typical resistance values of the package 
are: 0 ja, (Junction to Ambient) = 90°C/W (still air); 6 ja (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 0 jc (Juction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at Vee = -5.2V: Ta = 0°C, Iee = -105 mA; Ta = 75°C, Iee = “90 mA. 
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DM10414, DM10414A 


Functional Description 

Addressing the DM10414, DM10414A is achieved by 
means of the 8 address lines AO— A7. Each of the 2^ 
one-zero combinations of the address lines corresponds 
to a bit location in the memory. The active low Chip 
Selects together with the unterminated emitter-follower 
output allows for wire-ORing. A 5012 resistor to —2 V 
(or an equivalent network) is required to provide a low 
at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 


Th e device is selected with CS low and deselected with 
CS high. The operating mode is controlled by the active 
low Write Enable (WE). WE low causes the data at the 
Data Input (D||\j) to be stored at the selected address. 
WE low also causes the output to be disabled (low due 
to the 5012 pull-down resistor). WE high causes the data 
stored at the selected address to be present at the Data 
Out (DouT) P in - 


AC Electrical Characteristics 

VEE = -5.2V ±5%, Output Load = 5012, 30 pF to -2.0V, = 0°C to 75° C, 400 LFM 


SYMBOL 

PARAMETER 

CONDITIONS 

| READ MODE 

tACS 

Chip Select Access 
Time 

Measured Between 

tRCS 

Chip Select Recovery 

50% Points 

Time 

(Note 7) 

tAA 

Address Access Time 


| WRITE MODE 

tw 

Write Pulse Width 
(to Guarantee 
Writing) 


tWSD 

Data Set-Up Time 
Prior to Write 


tWHD 

Data Hold Time 

Measured Between 


After Write 

50% Points 

'WSA 

Address Set-Up Time 
Prior to Write 


tWHA 

Address Hold Time 



After Write 


n/vscs 

Chip Select Set-Up 
Time Prior to Write 


tWHCS 

Chip Select Hold Time 
After Write 


»WS 

•Write Disable Time 


tWR 

Write Recovery Time 



TYP 

MIN MAX 

(NOTE 6) 


RISE TIME AND FALL TIME 


Output Rise Time 

Measured Between 

Output Fall Time 

50% Points 



Capacitance 


SYMBOL 

PARAMETER 

CONDITIONS 

C|N 

COUT 

Input Pin Capacitance 
Output Pin 
Capacitance 

Measure With a Pulse 
Technique 


| DM10414A 

DM10414 | 

MIN 

TYP 

(NOTE 6) 

MAX 

MIN 

TYP 

(NOTE 6) 

MAX 


Note 6: Typical values are at V^e = -5.2V, Ta = 25°C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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Switching Time Waveforms 


Chip Select Access Time 



ADDRESS INPUTS 


DATA OUTPUT 


Address Access Time 



Read Mode 
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National 
Semiconductor 

DM10415, DM10415A 1024 x 1 
Access Memory 

General Description 

The DM10415, DM10415A is a 1024-word by 1-bit ECL 
random access memory. This fully static memory is 
designed with an active low chip select and separate 
I/O pins. The 10 address bits (AO through A9) are fully 
decoded on the chip. Applications such as scratch pad, 
cache, and buffer memories are ideal for this high speed 
RAM. 

An unterminated emitter-follower output is provided 
to allow the outputs to be wire-ORed. Separate Data 
In and non-inverted Data Out pins are provided. These 
RAMs are compatible with compensated and uncom- 
pensated 10k ECL families. 


Bipolar and ECL RAMs 


ECL Random 


Features 

■ Fully compatible with standard and voltage compen- 
sated 10k series ECL 

■ Temperature range 0°Cto+75°C 

■ Unterminated emitter-follower output for wire-ORing 

■ Power dissipation decreases with increasing temp- 


erature 

■ Typical address access 

DM10415 25 ns 

DM10415A 12 ns 

■ Typical chip select access 

DM10415 7 ns 

DM10415A 4 ns 



Block and Connection Diagrams 



A5 AS A7 A8 A9 


Dual-In-Line Package 



TOP VIEW 


Order Number DM10415J 
or DM10415AJ 
See NS Package J16A 


Logic Symbol 


Truth Table 



Pin Names 

A0— A9 Address Inputs 
D|f\| Data Input 

PpUT Data Output 

CS Chip Select 

WE Write Enable 
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DM10415, DM10415A 


Absolute Maximum Ratings 


Temperature Under Bias (Ambient) 
Storage Temperature Range 
Relative to V^c 
Any Input Relative to Vqc 
O utput Current (Output High) 

Lead Temperature (Soldering, 10 seconds) 


-55° C to +1 25° C 
-65° C to +150°C 
-7.0V to +0.5V 
Vgg to +0.5V 
—30 mA to +0.1 mA 
300° C 


Operating Conditions 

MIN 

Supply Voltage ( V^ e> -5.46 

Ambient Temperature (T/^) 0 


DC Electrical Characteristics 

Vee = “5.2V, Output Load = 50f2 and 30 pF to -2.0V, T/\ = 0°C to +75°C (Notes 1—4) 


SYMBOL 

PARAMETER 

CONDITIONS 

ta 

VOH 

Output Voltage High 

V|N = V|HA or V||_B 

o°c 

+25°C 

+75°C. 

VOL 

Output Voltage Low 

V|N = V|HAorV|LB 

0°C 
+25° C 
+75°C 

VOHC 

Output Voltage High 

V|N = V|HB or Vila 

0°C 

+25°C - 
+75°C 

VOLC 

Output Voltage Low 

V|N = V|HBorV|LA 

0°C 

+25°C 

+75°C 

V|H 

Input Voltage High 

Guaranteed Input Voltage High 
for All Inputs 

0°C 
+25° C 
+75°C 

VlL 

Input Voltage Low 

Guaranteed Input Voltage Low 
for All Inputs 

0°C 

+25°C 

+75°C 

l|H 

Input Current High 

V|N = V|HA 

0°C 

to 

+75°C 

IlL 

Input Current Low, CS 
All Others 

V|N = V|LB 

0°C 

to 

+75°C 

1 EE 

Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs Open 

0°C 

to 

+75°C 



Note 1 : Conditions for testing not shown in the tables are chosen to guarantee operation under "worst case” conditions. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 400 linear F.P.M. and 2-minute warm-up period. Typical resistance values of the package 
are: 6 j/\, (Junction to Ambient) = 90°C/W (still air); 6 ja (Junction to Ambient) = 50°C/W (at 400 F.P.M. air flow); 6 jq (Juction to Case) = 
25°C/W. 

Note 4: "A" indicates the most positive value, "B" indicates the most negative value. 

Note 5: Typical values at V{=£ = -5.2V: T^ = 0°C, Iee = -105 mA; T^ = 75°C, Igg = -90 mA. 
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Functional Description 

Addressing the DM10415/DM10415A is achieved by The device is selected with CS low and deselected with 

means of the 10 address lines AO— A9. Each of the 2^0 CS high. The operating mode is controlled by the active 

one-zero combinations of the address lines corresponds low Write Enable (WE). WE low causes the data at the 

to a bit location in the memory. The active low Chip Data Input (D|f\|) to be stored at the selected address. 

Select (CS) together with the unterminated emitter- WE low also causes the output to be disabled (low due 

follower output allows for memory array expansion to to the 50fZ pull-down resistor). WE high causes the data 

2048 words without additional decoding. This emitter- stored at the selected address to be present at the Data 

follower output allows for wire-ORing. A 50fi resistor Out (Dout) pin. 

to -2V (or an equivalent network) is required to provide 
a low at the output when the device is off. This ter- 
mination is required for both single device or wire- 
ORed operation. 

AC Electrical Characteristics 

Vee = -5.2V, ±5%, Output Load = 50£2, 30 pF to -2.0V, Ta = 0°C to +75°C, 400 LFM 

SYMBOL 

PARAMETER 

CONDITIONS 

DM10415A 

DM10415 

UNITS 

MIN 

TYP 

(NOTE 6) 

MAX 

MIN 

TYP 

(NOTE 6) 

MAX 

READ MODE 

tACS 

Chip Select Access 





8 



10 

ns 


Time 

Measured at 50% of 



I R 


mu 




tRCS 

Chip Select Recovery 

Input to Valid Output 


mu 


8 

i 


10 

ns 


Time 

(Note 7) 


mm 







tAA 

Address Access Time 



1 

12 

20 


m ■ 

35 

ns 

WRITE MODE 

tw 

Write Pulse Width 











(to Guarantee 











Writing) 











DM10415A 

tWSA = 8 ns 


12 

10 


25 

20 


ns 


DM10415 

tWSA = 20 ns 









«WSD 

Data Set-Up Time 



4 

0 


5 

0 


ns 


Prior to Write 










tWHD 

Data Hold Time 



4 

0 


5 

0 


ns 


After Write 










tWSA 

Address Set-Up Time 











Prior to Write 











DM10415A 

t w = 1 2 ns 










DM10415 

tyy = 25 ns 









tWHA 

Address Hold Time 



3 

0 


4 

1 


ns 


After Write 










twscs 

Chip Select Set-Up 



4 

0 


5 

0 


ns 


Time Prior to Write 





. 





tWHCS 

Chip Select Hold Time 



4 

0 


5 

0 


ns 


After Write 










tws 

Write Disable Time 




4 

10 


7 

10 

ns 

tWR 

Write Recovery Time 




4 

10 


7 

10 

ns 

RISE TIME AND FALL TIME | 

tr 

Output Rise Time 

Measured Between 20% 


■ 

5 



5 


ns 

tf 

Output Fall Time 

and 80% Points 


■ 

5 


# 

5 


ns 

Capaci 

ance 




DM10415A 

DM10415 


SYMBOL 

PARAMETER 

CONDITIONS 



TYP 



TYP 


UNITS 





MIN 


MAX 

MIN 


MAX 







(NOTE 6) 



(NOTE 6) 



C|N 

Input Pin Capacitance 




4 

5 

■■■■ 

4 

5 

P.F 



Measure With a Pulse 





m^m 




COUT 

Output Pin 

Technique 



7 

8 


7 

8 

pF 


Capacitance 










Note 6: Typical values are at Vgg = -5.2V, Ta = 25°C and maxumum loading. 






Note 7: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern. 
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DM10415, DM10415A 




























































DM10415, DM10415A 


Switching Time Waveforms 


Chip Select Access Time 



Address Access Time 



Read Mode 
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Bipolar and ECL RAMs 

PRELIMINARY 


DM10422 1024-Bit (256 x 4) ECL RAM 


General Description 


The DM10422 is normally a 256-word by 4-bit random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with all 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 


Features 

■ 4 separate Block Select inputs for configurations from 
256x4 to 1024x1 

■ Maximum address access time— 12 ns 

■ Typical Block Select access time— 3.5 ns 

■ 10k logic compatible 


Block and Connection Diagrams 


oil 

cc 

> 

cc 

oil 

oil 

cc 

oil 

a 

o 

nil 

a 


1 

X 

_ 8 



Y- DECODER/DRIVER 


256x4 BIT CELL ARRAY 


- SA/WA 1 

. 1 

— — i 

SA/WA | 

■ ■ ■ 1 

i 1 

1 SA/WA 1 

i 1 

SA/WA 

imT 

A* A’ V 

A” A" A 

A” A" A” 

Oj D1 BS1 

0 2 D2 BS2 

0 3 03 BS3 

0 4 D4 BS4 



Pin Names 




BS1-BS4 Block Selects 


Logic Symbol 


AO 


At 

A2 

0l 

A3 


A4 

A5 

°2 

A6 

A7 

03 

DO 


01 

D2 

0 4 

03 

WE 

BS1 BS2 BS3 BS4 


Address Inputs 
Write Enable 
Data Inputs 
Data Outputs 


Dual-In-Line Package 



Order Number DM10422J 
See NS Package J24E 


Truth Table (Positive Logic) 


Input 

BS 

WE 

Dl 

H 

X 

X 

L 

L 

L 

L 

L 

H 

L 

H 

X 


Disable 
Write "0” 
Write “1” 
Read 
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Absolute Maximum Ratings 

Supply Voltage, V EE to Vcc 
Input Voltage, V 1N 
Output Current ' 

StorageTemperature,T stg 

Storage Temperature Under Bias, T stg (Bias) 


-+ 0.5V to -7.0V 
+ 0.5VtoV E E 
-30 mA 
-65°Cto +150°C 
-55°Cto + 125°C 


DC Electrical Characteristics v EE = -5.2V, R L =5onto -2.ov,t a = 


Parameter 


Symbol 


V 0H Output Voltage 


Conditions 



Vohc Output Threshold Voltage 



V| H Input Voltage 



ih Input Current 

IL 


EE Supply Current 


v in- V|HA 


BS 


Other 


All Inputs and Outputs 
Open, Test Pin 12 


AC Electrical Characteristics 

V EE = -5.2V ±5%, R L = 50fi to -2.0 V, T A = 0°C to + 75°C, air flow exceeding 500 LFM 


Symbol 

Parameter 

READ MODE 

l ABS 

Block Select Access Time 

l RBS 

Block Select Recovery Time 

l AA 

Address Access Time 


WRITE MODE 


t w 

Write Pulse Width 

l WSD 

Data Set-Up Time 

twHD 

Data Hold Time 

*WSA 

Address Set-Up Time 

^WHA 

Address Hold Time 

*WSBS 

Block Select Set-Up Time 

l WHBS 

Block Select Hold Time 

l WS 

Write Disable Time 

{ WR 

Write Recovery Time 



Vin = Viha 

or V| LB 


V|n = Vihb 
orV 1LA 


Guaranteed Input Voltage 
High for All Inputs 


Guaranteed Input Voltage 
Low for All Inputs 


V|N = V|LB 












































































































































Electrical Characteristics (Continued) 

V EE = —5.2V ±5%, R L = 500to - 2.0V, T A = 0°C to + 75°C, air flow exceeding 500 LFM 

Symbol Parameter Conditions Min Typ Max Units 

RISE/FALL TIME 



3 


Output Rise Time 


t, 


3 


Output Fall Time 


CAPACITANCE 


C IN 


Input Capacitance 


Gout 


Output Capacitance 


Test Circuit and Input Waveform 



Switching Time Waveforms 

Block Select Access 

f 


BLOCK SELECT 


DATA OUTPUT 


-tABS 




"tfiBS 


Address Access Time 


ADDRESS INPUTS 


X 


-tAA—i 


DATA OUTPUT 


X 


Write Mode 
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National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM10422A 1024-Bit (256 x 4) ECL RAM 


General Description 

The DM10422A is normally a 256-word by 4-bit random ac- 
cess memory. However the memory has four Block Select 
(BS0-BS3) inputs which allow wire-ORing of any of the 
four blocks for a maximum 1024-word by 1-bit memory. 
The high speed access time allows its use in scratch pad, 
buffer, and control storage applications. The device is 
voltage compensated and is compatible with all 10k 
logic. Separate Data In and Data Out pins allow the set 
up of data for a write cycle while performing a read. 


Features 

■ 4 separate Block Select inputs for configurations from 
256 X 4 to 1024 x 1 

■ Maximum address access time — 10 ns 

■ Typical Block Select access time— 3.5 ns 

■ 10k logic compatible 


Block and Connection Diagrams 


II 


A4 0—1 > 

A3 0—1 
.. ^ 15 


mo- 


Y-DEC00ER/0RIVER 

n n rr n 

r 

1 

1 

256 x 4-BIT CELL ARRAY 


BLOCK 0 I 

L 

BLOCK 1 | BLOCK 2 

1 

1 

BLOCK 3 



II M II II 

SA/WA 1 

1 

SA/WA 1 SA/WA 

1 

SA/WA 




A' A* A’ i' A' i‘ A" A" A" A" A "! 1 

Of 01 BS1 02 02 BS2 0 3 03 8S3 O 4 04 BS4 


Logic Symbol 



Pin Names 


BS1-BS4 

Block Selects 

A0-A7 

Address Inputs 

WE 

Write Enable 

D1-D4 

Data Inputs 

O 1 -O 4 

Data Outputs 


Dual-ln-Line Package 



• v cc 
■ 0 4 

BS4 
■ 0 3 


Order Number DM10422AJ 
See NS Package J24E 


Truth Table (Positive Logic) 


Input 

Output 

Mode 

BS 

WE 

Dl 

■■ 


■ 

L 

Disable 

I 


H 

L 

Write “0” 

99 


H 

L 

-Write “1” 


» 

X 

Data 

Read 
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DM10422A 















DM10422A 


Absolute Maximum Ratings 

Supply Voltage, V EE to Vcc + 0.5V to - 7.0V 

Input Voltage, V| N + 0.5VtoV EE 

Output Current -30 mA 

StorageTemperature,T st g -65°Cto + 150°C 

Storage Temperature Under Bias, T stg (Bias) -55°Cto +125°C 


DC Electrical Characteristics V EE = -5.2V,R L =500to -2.0V,T A = 0°Cto + 75°C, air flow exceeding 500 LFM 


Symbol 


Parameter 


V 0H Output Voltage 





V| H Input Voltage 



l| H Input Current 


l EE Supply Current 


Conditions 


c Output Threshold Voltage 


V|N = V|HA 
or V|lb 


V IN = V|HB 

or Vila 


Guaranteed Input Voltage 
High for All Inputs 


Guaranteed Input Voltage 
Low for All Inputs 


V IN = V IHA 


BS 


V IN = V 1LB 


All Inputs and Outputs 
Open, Test Pin 12 



0°C 


25°C 


75°C 


0°C 


25 °C 


75°C 


0°C 


25°C 


75°C 


0°C 


25 °C 


75°C 


0°C 


25 °C 


75 °C 


0°C 


25 “C 


75 “C 


0°C to 75°C 


AC Electrical Characteristics V EE = -5.2V,R L = 50nto -2.0V,T A = 0 <, Cto +75°C, air flow exceeding 500 LFM 


Symbol 

Parameter 

READ MODE 

Iabs 

Block Select Access Time 

*RBS 

Block Select Recovery Time 

tAA 

Address Access Time 


WRITE MODE 


Conditions 



t w 

Write Pulse Width 

*WSD 

Data Set-Up Time 

*WHD 

Data Hold Time 

twsA 

Address Set-Up Time 

tWHA 

Address Hold Time 

twSBS 

Block Select Set-Up Time 

tWHBS 

Block Select Hold Time 

tws 

Write Disable Time 

*WR 

Write Recovery Time 


twSA = 2 ns 


5.0 

ns 

5.0 

ns 

10 

ns 
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Electrical Characteristics (Continued) 

V EE = -5.2V, R l = 50Q to -2.0V, T a = 0°C to +75°C, air flow exceeding 500 LFM 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RISE/FALL TIME 

tr 

Output Rise Time 



3 


ns 

tf 

Output Fall Time 



3 


ns 

CAPACITANCE 

C|N 

Input Capacitance 



4 


pF 

COUT 

Output Capacitance 



7 


PF 


Test Circuit and Input Waveform 



Switching Time Waveforms 

Block Select Access 

f 


tABS 


DATA OUTPUT 


/ 


- tnes 


Address Access Time 


ADDRESS INPUTS 


X 


r*-tAA— H 


DATA OUTPUT 


X 


. 20 % 


t r = tf = 2.0 ns ±10% 

Rj = 500 
C L = 30 pF 

All timing measurements are referenced from 50% of input levels to 
50% of input/output levels. 


Write Mode 
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DM10470, DM10470A, DM10470L 


22 


National 

Semiconductor 


Bipolar and ECL RAMs 


DM10470 Standard, DM10470A High Speed, 
DM10470L Low Power 
4096-Bit (4096 x 1) ECL RAMs 


General Description 


The DM10470 is a 4096-bit random access memory organ- 
ized 4096-words by 1 bit. It is designed for high speed 
scratch pad and buffer storage applications. It is voltage 
and temperature compensated and compatible with all 
10k logic. It has separate Data In and Data Out pins. The 
active low Chip Select CS and unterminated emitter-fol- 
lower outputs allow easy expansion. 

The DM10470 is speed and power selected to provide cost- 
performance benefits not available from any other 
manufacturer. 


Features 

■ Three speed-power combinations for maximum cost- 
performance: 

Standard DM10470 25 ns/200 mA max 

High speed DM10470A 15 ns/200 mA max 

Low power DM10470L 25 ns/130 mA max 

■ 10k logic compatible 

■ Unterminated emitter-follower outputs 
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Absolute Maximum Ratings 


Operating Conditions 

Min 


Temperature Under Bias (Ambient) 
Storage Temperature Range 
V EE Relative to V C c 
Any Input Relative to V CG 
Output Current (Output High) 


- 55°Cto + 125°C 

- 65°Cto +150°C 
-7.0V to + 0.5V 

V EE to +0.5V 
-30 mAto +0.1 mA 


Supply Voltage (V EE ) 
Ambient Temperature (T A ) 


-5.46 

0 


Max 

-4.94 
+ 75 


Lead Temperature (Soldering, 10 seconds) 


300°C 


DC Electrical Characteristics 

V EE = - 5.2V, output load = 50H and 30 pF to - 2.0V, T A = 0°C to + 75°C (Notes 1, 2, 3 and 4) 


Units 

V 

°C 


Symbol 

Parameter 

Conditions 

Ta 

B Limit 

A Limit 

Units 

"-'I 

Output Voltage High 

V IN = V IHA or V|LB 

o°c 

-1000 

-840 

mV 

■ 



+ 25°C 

-960 

-810 





+ 75°C 

-900 

-720 


V OL 

Output Voltage Low 

V IN = V|HAOr V| LB 

0°C 

■STjTQH 

msm 

mV 




+ 25°C 

EH 

.MB 





+ 75°C 


99 


V OHC 

Output Voltage High 

V|N = V|HB or Vila 

0°C 

-1020 


mV 




+ 25°C 

-980 






+ 75°C 

-920 



V OLC 

Output Voltage Low 

< 

z 

II 

< 

X 

CD 

o 

< 

5 

0°C 


-1645 

mV 




+ 25°C 


-1630 





+ 75°C 


-1605 


V,H 

Input Voltage High 

Guaranteed Input Voltage High 

0°C 

mm 

-840 

mV 



for All Inputs 

+ 25°C 


-810 





+ 75°C 

-1045 

-720 


V|L 

Input Voltage Low 

Guaranteed Input Voltage Low 

0°C 


MM 

mV 



for All Inputs 

+ 25 °C 







+ 75°C 


mm 


IlH 

Input Current High 

Vin = Viha 

0°C 


220 

mA 




to 







+ 75°C 




IlL 

Input Current Low, CS 

V IN = V|lb 

0°C 

0.5 

170 

,xA 


All Others 


to 

-50 






+ 75°C 





Note 1: Conditions for testing not shown in the tables are chosen to guarantee operation under worst-case conditions. 

Note 2: The specified limits represent the worst-case value for the parameter. Since these worst-case values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Guaranteed with transverse air flow exceeding 500 linear FPM and 2-minute warm-up period. Typical resistance values of the package are:0j A , (junc- 
tion to ambient) = 90°C/W (still air); 0j A (junction to ambient) = 50°C/W (at 500 FPM air flow);0jc (junction to case) = 25°C/W. 

Note 4: “A” Indicates the most positive value, “B” indicates the most negative value. 
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DM10470, DM10470A, DM10470L 



















































DM10470, DM10470A, DM10470L 


AC Electrical Characteristics 

V EE = -5.2V ±5%, output load = 500, 30 pF to - 2.0V, T A = 0°C to +75°C 





| DM10470A | 

DM10470 | 

[ DM10470L | 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 6) 

Max 

Min 

Typ 

(Note 6) 

Max 

Min 

Typ 

(Note 6) 

Max 

Units 


READ MODE 


tACS 

Chip Select Access 
Time 



m 

8 


5 

10 

■ 

5 

10 

ns 

tfiCS 

Chip Select Recovery 
Time 

Measured at 50% of Input to 
50% of Output (Note 7) 


■ 

8 

1 

5 

10 


5 

10 

ns 

Iaa 

Address Access Time 



12 

15 

■ 

18 

25 

1 

18 

25 

ns 


WRITE MODE 


tw 

Write Pulse Width (to 
Guarantee Writing) 



■ 



■ 



■j 




DM10470A 

twsA = 3 ns 

10 



15 



15 



ns 


DM10470/L 

twSA = 6ns 





I 1 



1 



twSD 

Data Set-Up Time 
Prior to Write 


2 

1 


2 

1 


2 

1 


ns 

twHD 

Data Hold Time 
After Write 


2 

0 


2 

0 


2 

0 


ns 

twSA 

Address Set-Up Time 
Prior to Write 













DM10470A 

t w = 10 ns 

3 

1 


3 

1 


3 

1 


ns 


DM1 0470/ L 

t w = 15 ns 











•WHA 

Address Hold Time 
After Write 


2 

0 


2 

0 


2 

0 


ns 

twscs 

Chip Select Set-Up 
Time Prior to Write 


2 

1 


2 

1 


2 

1 


ns 

twHCS 

Chip Select Hold 
Time After Write 


2 

0 


2 

0 


2 

0 


ns 

tws 

Write Disable Time 

50% of Input to 50% of Output 


5 

8 


5 



5 

8 

ns 

twR 

Write Recovery Time 


5 

8 


5 



5 

8 

ns 


RISE TIME AND FALL TIME 


t r 

Output Rise Time 

Measured Between 20% 


3 

■ 

■ 

3 

■ 

■ 

3 


ns 

tf 

Output Fall Time 

and 80% Points 


3 

■ 

■ 

3 

■ 

■ 

3 


ns 


Capacitance 





| DM10470A 

| DM10470 

DM10470L ! 


Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 6) 

Max 

Min 

Typ 

(Note 6) 

Max 

Min 

Typ 

(Note 6) 

Max 

Units 

C|N 

Input Pin Capacitance 

Measure with a Pulse 


4 

5 

■ 

mm 

5 

■ 

mm 

5 

pF 

C 0UT 

Output Pin Capacitance 

Technique 


7 

8 

■ 

WM 

8 

■ 

IS 

8 

pF 


Power Supply Current v EE = - 5.2V, output load = son and 30 pF to - 2.ov 


Symbol 

Parameter 

Conditions 

DM10470A 
B Limit 

DM10470 
B Limit 

DM10470L 
B Limit 

Units 

Iee 

Power Supply Current 
(Pin 8) (Note 5) 

All Inputs and Outputs 
Open, T A = 25°C 

-200 

-200 

-130 

mA 


Note 5: Typical values at V EE = - 5.2V: T A = 0'C, l EE = - 145 mA; T A = 25”C, l EE = 135 mA; T A = 75°C, l EE = 125 mA. 

Note 6: Typical values are at V EE = -5.2V, T A = 25°C and maximum loading. 

Note 7: The maximum address access time is guaranteed to be the worst-case bit in the memory using a pseudorandom testing pattern. 
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Functional Description 

Addressing the DM10470/DM10470A is achieved by means The device is selected with CS low and deselected with C§ 

of the 12 address lines, A0-A11. Each of the 2 12 one- high. The operating mode is controlled by the active low 

zero combinations of the address lines corresponds to a Write Enable (WE). WE low causes the data at the Data 

unique bit location in the memory. The memory array can Input (D| N ) to be stored at the selected address. WE low 

be expanded to 8192 words without additional decoding, also causes the output to be disabled (low due to the 50Q 

by using the active low Chip Select (CS) and wire-ORing pull-down resistor). WE high causes the data stored at the 

the unterminated emitter-follower outputs. A 50fi resistor selected address to be present at the Data Output (D 0UT ) 

to - 2V (or an equivalent network) is required to provide a pin when CS is low. 

low at the output when the device is off. This termination 
is required for both single device or wire-ORed operation. 


Switching Time Waveforms 


Chip Select Access Time 



Address Access Time 




DM10470, DM10470A, DM10470L 
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National 

Semiconductor 


Bipolar and ECL RAMs 

PRELIMINARY 


DM10474/DM10474A (1024 x 4) 4096-Bit, 10k ECL RAM 


General Description 

The DM10474 is a 4096-bit read/write random access 
memory, organized in the popular 1024 words by 4-bit con- 
figuration. The input and output levels are voltage compen- 
sated 10k ECL levels. The DM10474A has a maximum ac- 
cess time of 15 ns, and the DM10474 has a maximum ac- 
cess time of 25 ns. 


Features 

■ 1024 words x 4-bit organization 

■ On chip voltage compensation for improved noise 
margin 

■ Fully compatible with industry standard 10k series ECL 
families 

■ Address access time: 25 ns max for standard part, 
15 ns max for “A” part. 

■ Chip select access time: 10 ns max for standard part, 
6 ns max for “A” part. 

■ Low power dissipation: -220 mA max for “A” part, 
-200 mA max for standard. 

■ Pin compatible with F10474 and MBM10474 


Connection and Block Diagrams 


Vcco 

1 


24 

DQj 

2 


23 

D(U — 

3 


22 

AO — 

4 


21 

A1 — 

5 


20 

A2 — 

6 

DM10474 

19 

A3 — 

7 


18 

A4 

8 


17 

A5 — 

9 


16 

NC — 

10 


15 

A6 — 

11 


14 

V EE — 

12 


13 



TOP VIEW 



cs 

WE 
h— A9 


Order Number DM10474J or DM10474AJ 
See NS Package J24E 



Truth Table 


Inputs 

Output 

Mode 

CS 

wf 

Din 

Open Emitter 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

WRITE "0” 

L 

L 

H 

L 

WRITE "1” 

L 

H 

X 

°OUT 

READ 


H = high voltage level 
L = low voltage level 
X - don't care 
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DM10474/DM10474A 






DM10474/DM10474A 


DC Electrical Characteristics 

(Vcc = OV, V EE = -5.2V, output load = 500 to -2.0V and airflows 500 LFM unless otherwise noted.) 


Symbol 

VOH 


Conditions 


Output High Voltage 
(V|n = V|H max or V|L min) 

Output Low Voltage 
(V|n = V||-| max or V|L min) 

Output High Voltage 
(V|N = V|H min or ^IL max) 

Output Low Voltage 
(Vim = V|h m in or V|i_ max) 

Input High Voltage 

(Guaranteed Input Voltage High for All Inputs) 
Input Low Voltage 

(Guaranteed Input Voltage Low for All Inputs) 

Input High Current (V iN = V| H max) 

Input Low Current (Vin = V| E m in) 

CS Input Low Current (Vin =■ Vil min) 

Power Supply Current 
(All Inputs and Outputs Open) 


0“ to 75°C 


0“ to 75°C 


0“ to 75°C 


0“ to 75“C 



•For the DM10474A, 


AC Test Circuit and Switching Time Waveform 

(Full guaranteed operating ranges, output load = 500 to — 2.0V and 30 pF to GND and airflows 500 LFM unless otherwise 



-0.9V 



t r = tf = 2.0 ns typ 
Output Load: RL = 50fl 
C L - 30 pF 

(including jig and stray capacitance) 


Note: All timing measurements referenced to 50% input levels. 
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Read Cycle 


Symbol 

Parameter 

tAA 

Address Access Time 

*ACS 

Chip Select Access Time 

tRCS 

Chip Select Recovery Time 



Read Cycle Timing Diagrams 




Write Cycle 


Symbol 

Parameter 

tw 

Write Pulse Width 

tws 

Write Disable Time 

*WR 

Write Recovery Time 

*WSA 

Address Set Up Time 

twscs 

Chip Select Set Up Time 

<WSD 

Data Set Up Time 

tWHA 

Address Hold Time 

tWHCS 

Chip Select Hold Time 

tWHD 

Data Hold Time 


DM10474 


Typ 


DM10474A 


Typ 
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Section 23 

2900 Family/ 

Bipolar Microprocessor 


DEVICE 


DESCRIPTION 


Introduction 
IDM2901A, I DM2901 A-1, 
I DM2901 A-2 
I DM2902 
IDM2909A/11A 
I DM291 0A 
I DM29803 
I DM29811 
DM10900 
I DM2900 


AN-203 


AN-217 

AN-230 


4-Bit Bipolar Microprocessor 

Look-Ahead Carry Generator 
Microprogram Sequencer 
Microprogram Controller 
16-Way Branch Controller 
Next-Address Controller 
8-Bit Parity ALU Slice 
Family Applications Information 
System Architecture of the IDM2901A 
Expanding the IDM2901 Bit-Slice Microprocessor 
Hardware Multiplication 
Byte Swapping 
Instruction Fetch Cycle 
File Expansion 
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Introduction 


Since its introduction in 1976, the 2900 Family of 
Bipolar Microprocessor Components has rapidly 
established itself as the industry standard for bit- 
slice, microprogrammable system design. 
National Semiconductor is pleased to have 
contributed to the success of this family by 
providing the highest performance components 
available from any manufacturer. We are firmly 
committed to continuing this emphasis on 
performance, since we feel that designers of 
bipolar systems will continue to demand increased 
component speed as their system throughput 
requirements increase. We are not only dedicated 
to providing components, but also to developing 
the design techniques that optimize their use in 
systems. This is evidenced by the expanded 
Applications section in this book. 

To achieve this higher performance, National 
developed a design technique referred to as SCL 1 
and introduced its first 2900 Family product— the 
IDM2901A— in 1977. This device featured AC 
characteristics that were 25% faster than 
anything on the market at that time. In 1978, a 
speed-selected version of the 2901A— the 
IDM2901A-1— was introduced. This device further 
improved performance by an additional 15%. In 
1982 an additional 30% performance improvement 
was provided by the IDM2901A-2, a device that 
combines the SCL design technique with the 
latest advances in bipolar LSI processing. All of 
this has been accomplished without a single com- 
promise with regard to functionality or DC 
characteristics. In fact, power dissipation in all 
cases is equal to or less than that of the competing 
Low Power Schottkv devices. 

Following its success with the IDM2901, National 
applied the SCL design technique to the 
IDM2909A, I DM291 0A, IDM291 1 A, and IDM29705A. 
These devices also have speed characteristics 
that are 30% -50% better than those of the com- 
peting LS versions. 

Not content to simply second source existing 2900 
functions, National has also added to the family 
additional devices that were found to be 
significantly useful in bit-slice microprocessor 
design. These include devices from other National 
product lines — such as the Bipolar Memory and 
Octal Logic devices found in this book — and 
certain proprietary functions, such as the 29903 
16x4 Edge-Triggered Register File. 


Even more significantly, National will begin to 
develop new bit-slices and microsequencers that 
are architecturally different from other products 
on the market. 

These products, plus other products currently in 
development, makeuseof theSCLdesign philoso- 
phy. By using SCL, National has not only set a 
standard of performance for the 2900 Family that 
other manufacturers are attempting to duplicate, 
but also is providing you— the design engineer— 
with components that allow you to build the high- 
est performance systems possible using bipolar 
LSI technology. 


1. SCL is a design technique that combines the performance 
advantages of ECL with Low Power Schottky input and 
output compatibility. For a more detailed description, see 
the Applications section. 


23-3 



IDM2901A, I DM2901 A-1, IDM2901A-2 


2 


National 


£1 Semiconductor 

IDM2901A, IDM2901A-1/IDM2901A-2 
4-Bit Bipolar Microprocessor 


2900 Family/ 
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General Description 

The I DM2901 4-bit bipolar microprocessor slice is a 
cascadable device designed for use in Central Processing 
Units, programmable microprocessors, peripheral con- 
trollers, and other "high-speed" applications where 
economy, hardware/software flexibility, and easy expan- 
sion are system prerequisities. The building-block ar- 
chitecture and microinstruction format of the IDM2901 
permit efficient emulation of most digital-based systems. 

As shown in the simplified block diagram, the IDM2901 
device consists of a 16-word by 4-bit 2-port RAM, a 
high-speed ALU, and the required shifting, decoding, 
and multiplexing circuits. The 9-bit microinstruction 
word is organized into three groups of three bits each — 
the first group (bits 0-2) selects ALU source operands, 
the second group (bits 3-5) selects the ALU function, 
and the last group (bits 6-8) selects the destination 
register within the ALU. The slice microprocessor is 
cascadable with full look-ahead or ripple carry; all 
outputs are TRI-STATE® and four status-flag outputs 
are available. To minimize power consumption and to 
maximize speed and reliability, the 40-pin LSI chip is 
fabricated using a National state-of-the-art Low-Power 
Schottky technology called "SCL". 


Features and Benefits 

■ Multiple-address architecture — improves system 
speed by providing simultaneous yet independent 
access to two working registers. 

■ Multifunction ALU — performs addition, two sub- 
traction operations, and five logic functions on two 
source operands. 

■ Flexible data-source selection — for every ALU 
function, data is selected from five source ports for a 
total of 203 source operand pairs. 

■ Left/right shift independent of ALU — an arithmetic 
operation and a left or right shift can be obtained on 
the same machine cycle. 

■ Four status flags — carry, overflow, zero, and func- 
tional sign are available as outputs. 

■ Expandable — Connect any number of IDM2901S 
together for longer word lengths. 

■ Microprogrammable — three groups of 3 bits each for 
source operand, ALU function, and destination 
control. 


Block Diagram 
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Absolute Maximum Ratings 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65°C to +150°C 
-55°C to +1 25°C 
-0.5 V to +6.3 V 

-0.5 V to +Vcc max 
-0.5 V to +5.5 V 
30 mA 

-30 mA to +5.0 mA 


Operating Range 


P/N 

IDM2901 JC, NC 
IDM2901 JM, JM/883 
IDM2901 A-1 JC, NC 
IDM2901 A-1 JM, JM/883 


Temperature 

Ta = 0°C to +70°C 
Tc = -55°C to + 1 25°C 
Ta = 0°C to +70°C 
Tc = -55°Cto+125°C 


Vcc 

4.75V to 5.25V 
4.50V to 5.50V 
4.75V to 5.25V 
4.50V to 5.50V 


Standard Screening (conforms to mi l-std-883 for class c parts) 


Step 

Ml L-STD-883 
Method 

Conditions 

Level 

JC, NC 

JM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C: 24-hour 150°C 

100% 

100% 

Temperature Cycle 

1010 

C: -65°C1o +150°C 
10 cycles 

1 00% 

100% 

Centrifuge 

2001 

B: 1 0,000 G 

100%* 

100% 

Fine Leak 

1014 

A: 5 x 10*® atm-cc/cm^ 

100%* 

100% 

Gross Leak 

1014 

C2: Fluorocarbon 

100%* 

100% 

Electrical Test 
Subgroups 1 and 7 and 9 

5004 

See below for 
definitions of subgroups 

100% 

100% 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 





Subgroup 1 



LTPD = 5 

LTPD = 5 

Subgroup 2 



LTPD = 7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD = 7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

LTPD = 5 

Subgroup 8 



LTPD = 7 

LTPD = 7 

Subgroup 9 



LTPD = 7 

LTPD = 5 


•Not applicable to IDM2901 ANC. 


Additional Screening for Class B Parts Group A Subgroups 


{as defined in Ml L-STD-883. method 5005) 




Temperature 

1 

DC 

25°C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25°C 

8 

Function 

Maximum and minimum rated 
temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 





Level 

Step 

Method 

Conditions 

JM/883 

Burn-In 

1015 

D: 125°C, 160 hours min 

100% 

Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



100% 

Subgroup 3 



100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening 


Electrical Characteristics Over Operating Range IDM2901 A/IDM2901 A-1 


Symbol 

Description 

Test Conditions (Note 1) 


Typ 

(Note 2) 

Max 

Units 




IqH = -1-6 mA; 
Vo/Y 1 /Y 2 /Y 3 

2.4 







lOH = -1-OmA; C n+ 4 

2.4 




VOH 

Output High Voltage 

VqC = min 

[ lOH = -800pA; OVR/P 

2.4 


1 


V|N = V|H or V|L 

IqH = -600 pA; F 3 

2.4 

HfygfH 






1 !OH = -600 pA; 
RAMo, 3 /Qo,3 

2.4 

■ 






IqH - -1.6 mA;"G 

2.4 
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I DM2901 A, I DM2901 A-1, 1 DM2901 A-2 


Electrical Characteristics (cont’d.) 


Test Conditions (Note 1) 


Typ 

Min (Note 2) Max Units 


>CEX 

Output Leakage Current 
for F = 0 Output 

Vcc = min; Vqh = 5.5 V, V|n = V|h or V| l 




Vql Output Low Voltage 


V|i_ Input. Low Level 


V| Input Clamp Voltage 


1 1 1_ Input Low Current 


Vcc = min; 

V| N = V| H orV|L Iql ~ 10mA; C n +4 
lOL = 10 mA; 

OVR/P 

*OL = 8 mA; 

F3/RAM0 3/Qq,3 


Guaranteed input logical low voltage for all 
inputs 


VCC = min; l|fg = -18 mA 
I I Clock/i5E/C n 




Input High Current 


•OZH, Off State (High Impedance) 
Iqzl Output Current 


Vcc = max; 
V|N = 0.5 V 


I0/I1/I2A6 


I3/U/I5 


1 7/1 8 


RAMq^/Qq.S (Note 4) 


Clock/OE 

A0/A1/A2/A3 

Vcc = max; D0/D1/D2/D3 

V|N = 2.7 V to/* l/l2/>6/>8 

1 3/1 4/1 5/* 7 

RAMo 3/Q0 3 (Note 4) 
On 


V CC = max; V|(\j = 5.5 V 

17 , Ivq^IXv 


Vcc = max 


Yp/Y l/Y 2 /Y 3 


RAMq,3/Qo,3 


Vq = 0.5 V 


Vq = 0.5 V 
(Note 4) 





ICC Power Supply Current (Note 6) Vcc = max 


Tc = -55 C to +125 C 
TC = +125°C 



Note 1: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Note 2: Typical limits are at Vqo = 5.0 V, 25°C ambient, and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with lg,7 8 in a state 
such that the TRI-STATE output is off (high-impedance). 

Note 5; "Mil" = IDM2901 JM, JM/883; "Com'l" = IDM2901 JC, NC. 

Note 6: Worst case Iqc ' s at minimum temperature. 
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Absolute Maximum Ratings 

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State -C 

DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65 C to + 150 C 
-55°C to +125°C 
-0.5 V to +6.3 V 

-0.5 V to +Vqc max 
-0.5 V to +5.5 V 
30 mA 

-30 mA to +5.0 mA 


Operating Range 


P/N 

IDM2901 A-2 JC, NC 
IDM2901 A-2 JM 
IDM2901A-2 JM/883 


Temperature Vcc 

T A = 0°C to +70°C 4.75V to 5.25V 

Tq = -55°C to +125° C 4.50V to 5.50V 

Tc = -55°Cto +125°C 4.50V to 5.50V 


Standard Screening (Conforms to MIL-STD-883 for Class C parts) 


Ml L-STD-883 
Method 


Step 


Pre-Seal Visual Inspection 


Stabilization Bake 


Temperature Cycle 


Centrifuge 


Fine Leak 


Gross Leak 


Electrical Test 
Subgroups 1 and 7 and 9 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 

Subgroup 3 S005 

Subgroup 7 
Subgroup 8 
Subgroup 9 


'Not applicable to IDM2901A-2 NC 



C: -65°C to +1 50°C 
10 cycles 

B: 1 0,000 G 


A: 5 x 10"® atm-cc/cm^ 


C2: Fluorocarbon 


See below for 
definitions of subgroups 


See below for 
definitions of subgroups 



LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 7 
LTPD = 5 


Additional Screening for Class B Parts 


Step 


Level 

Method 

Conditions JM/883 

Burn-In 

1015 

D: 125°C. 160 hours mm 100% 

Electrical Test 

5004 


Subgroup 1 


100% 

Subgroup 2 


100% 

Subgroup 3 


100% 

Subgroup 7 


100% 

Subgroup 9 

1 

100% 


Group A Subgroups 

(as defined in MIL-STD-883. method 5005) 



Subgroup 

Parameter 

Temperature 

1 

DC 

25°C 

2 

DC 

Maximum rated temperature 

3 

DC 

Minimum rated temperature 

7 

Function 

25°C 

8 

Function 

Maximum and minimum rated 
temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum rated temperature 

11 

Switching 

Minimum rated temperature 



Electrical Characteristics Over Operating Range idm 29 oia 2 


Vqh Output High Voltage 


Test Conditions (Note 1) 


| lOH = -1 -6 mA; 

j Yq/Y ] /Y 2 /Y3 

IQH = -1.0mA; Cn+4 

Vcc = min lOH = -800 pA; OVR/P 

V|N = V|H or V|L lp H = -600pA; F 3 
•OH = -600 pA; 
RAM03/O 03 
IQH = -1.6 mA;]) 
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Electrical Characteristics (continued) 


Symbol Description 


• Output Leakage Current 
for F = 0 Output 




Test Conditions (Note 1) 


Vcc = min; Vqh = 5.5V, V|N = V|H or V|L 


lOL = 20 mA ICom'l) 
V 0 /V 1 /Y 2 /V3 


lOL = 16 mA (Mil); 
Yo/Yl/Y 2 /Y 3 


Typ 

Min (Note 2) 


Input High Current 


• OZH. Off State (High Impedance) 
•OZL Output Current 


. Output Short Circuit Current 
os (Note 3) 


Vcc = min; 

V|N = V|H°rV||_ IQL = 10mA; C n +4 
lOL = 10 mA; 

OVR/P _ 

lOL = 8 mA; 

F3/RAMq,3/Qo,3 


Guaranteed input logical high voltage for all 
inputs 


Guaranteed input logical low voltage for all 
inputs 


Vcc = min; l||\| = -18mA 

rciock/OE/Cr,' ~ 
A 0 /A 1 /A 2 /A 3 


B 0 /B 1 /B 2 /B 3 


D0/D1/D2/D3 


l0/« l/!2/'6 


I 3 /I 4 /I 5 


I 7 /I 8 


RAMo,3/Qo, 3 (Note 4) 


Clock/OE 


A0/A1/A2/A3 


Bo/Bt/B2/B3 


D 0 /D 1 /D 2 /D 3 


1 0/l I/' 2/1 6/1 8 


I 3 /U/I 5 /I 7 


RAMo 3 / 00,3 (Note 4) 


Cn 


Vcc = max; V|N = 5,5 V 


y 0 /y 1 /y 2 /y 3 


Vcc = max; 
V | (si = 0.5 V 


Vcc = max; 
Vin = 2.7 V 



RAMq,3/Qo,3 


V 0 = 2.4 

V 

V 0 = 0.5 

V 

V 0 = 2.4 

V 

(Note 4) 


Vo = 0.5 

V 

(Note 4) 



V C C = 5.75 Vh 
Vo = 0.5 V 1 


ICC Power Supply Current (Note 6) 



Y 0 /Yi/Y 2 /Y 3 /G 


C n +4 


OVR/F 


83 


RAMo,3/Qo,3 


Ta = 25°C 


Ta = 0°C to +70°C 


TC=-55 Cto+125°C 
TC = + 1 25° C 


Max Units 





265 


280 

190 

mA 


Note t: For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

Not# 2; Typical limits are at Vcc = 5.0 V, 25°C ambient, and maximum loading. 

Note 3: Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Note 4: These are TRI-STATE outputs internally connected to PNP inputs. Input characteristics are measured with Ig 7 g in a state 
such that the TRI-STATE output is off thigh-impedance). 

Not# 5: "Mil" = I DM2901 A-2 JM, JM/883; "Com , l" = IDM2901 A-2 JC, NC. 

Note 6: Worst case Iqq is at minimum temperature. 
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Figure 1. IDM2901 Microprocessor, Detailed Block Diagram 
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Test Output Load Configurations for IDM2901A, A-1, A-2 


A. Three-State Outputs 


B. Normal Outputs 


Vcc 



Vcc 



R2 = 


2.4V 


! OH 

5.O-V0E- Vol 
= 'ol + v 0 l/R2 


C. Open-Collector Outputs 

Vcc 


VOUT 



I_ 5.0 -Vql 
'OL 


Note 1: C[_ = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 

Note 2: SI, S2, S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for tpzH test. 

SI and S2 are closed while S3 is open for tpzi_ test. 

Note 4: C|_ = 5.0 pF for output disable tests. 


TESTING CONSIDERATIONS 

Incoming test procedures on this device should be care- 
fully planned, taking into account the high complexity and 
power levels of the part. The following notes may be 
useful. 

1. Insure the part is adequately decoupled at the test 
head. Large changes in V cc current as the device 
switches may cause erroneous function failures due to 
V cc changes. 

2. Do not leave inputs floating during any tests, as they 
may start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high 
speed. Following an input transition, ground current 
may change by as much as 400 mA in 5 ns-8 ns. Induct- 
ance in the ground cable may allow the ground pin at 
the device to rise by 100s of millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. 
Many inputs may be changed at once, so there will be 
significant noise at the device pins and they may not 
actually reach V| L or V| H until the noise has settled. 
National recommends using V| L <0.4V and V| H >2.4V 
for AC tests. 

5. To simplify failure analysis, programs should be 
designed to perform DC, Function, and AC tests as 
three distinct groups of tests. 


Test Output Loads for IDM2901A, A-1, A-2 


Pin# 

Pin Label 

Test 

Circuit 

R1 

R2 

3 

ram 3 

A 

560 

Ik 

5 

ram 0 

A 

560 

Ik 

7 

o 

II 

LL 

C 

270 

— 

13 

q 3 

A 

560 

Ik 

18 

Qo 

A 

560 

Ik 

28 

f 3 

B 

-620 

3.9k 

29 

G 

B 

220 

1.5k 

30 

C n + 4 

B 

360 

2.4k 

31 

OVR 

B 

470 

3k 

32 

P 

B 

470 

3k 

33-36 

Y 0-3 

A 

220 

Ik 
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Architecture 


Figure 1 shows a detailed block diagramof the IDM2901. 
Observe that all data paths are 4 bits wide; however, 
the 4-bit slice can be cascaded to the number of bits 
required for a particular application. Although all parts 
of the bipolar device are important, the two key ele- 
ments are the 16-word by 4-bit 2-port RAM and the 
high-speed ALU. 

Any one of the 16 words in RAM can be read from the 
A-port (A 3 -A 0 ) or the B-port (B 3 -B 0 ); the selected 
word for the A-port is determined by the 4-bit A-address 
field, whereas the B-address field controls the output of 
the B-port. If the two address codes are identical, the 
same file data appears simultaneously at both output 
ports (A and B). 

When enabled by RAM EN, new data is written into the 
file "word" defined by the B-address field; the write 
function is implemented when the clock input is low. 

Each bit of data to be written is input via a 3-input 
multiplexer; this scheme permits shifting up one bit 
position (from LSB towards MSB), shifting down one 
bit position (from MSB towards LSB), or not shifting 
at all. A similar scheme is used when data is written into 
the "Q" register. 

Each of the A and B data ports drives an associated 4-bit 
latch. These latches hold the RAM data while the clock 
input is low; consequently, any possibility of race 
conditions when writing new data is eliminated. 

The high-speed ALU can perform three binary arithmetic 
and five logic operations on the two 4-bit input words 
(R 3 -R 0 and S 3 -So). The R-input field is driven from 
a 2-input multiplexer, whereas the S-input field is driven 
by a 3-input multiplexer. Both the R- and S-multiplexers 


have an inhibit capability, where no data is passed — this 
is equivalent to a "zero" source operand. Referring to 
figure 1, observe that the A-port output of the RAM and 
the 4-bit direct-data inputs (D 3 -D 0 ) are connected to 
the R-input multiplexers; the S-input multiplexer has 
three inputs - one from the A-port of RAM, one from 
the B-port of RAM, and one from the Q-register. 

With the foregoing input-multiplexer scheme, the inputs 
(A, B, D, Q, and "Zero"), when taken in pairs, provide 
any one of ten source operands for the ALU — AB, AD, 
AQ, AO, BD, BQ, BO, DQ, DO, and QO. When the A and 
B address fields for RAM are identical, it is clear that 
certain combinations (AD/BD, AQ/BQ, and AO/BO) are 
redundant; that is, the identical function is implemented 
for either operand. Only seven of the combinations are 
completely nonredundant. Eight of the ten combina- 
tions (source operands) are implemented by the 
I DM2901 A microprocessor. The ALU source operands 
are selected by three microinstruction inputs — lo, h, 
and 1 2 . These inputs are defined in figure 2. Each of the 
preceding D and Q operands provides an . essential 
function. The D input (direct-data) is used to load the 
working registers inside the 2901 device; also, this input 
source can be used to modify data files within the ALU. 
The Q-register is an internal 4-bit data source that is 
well suited for a multiply/divide operation; however, for 
some applications, it can be used as a data-holding 
register or as an accumulator. 

The ALU is a high-speed arithmetic/logic operator that is 
capable of performing three binary arithmetic functions 
and five logic functions. Three microinstruction inputs 
(I 3 , I 4 , and I 5 ) are used to select one of the eight 
functions; these inputs, along with their octal codes, are 
defined in figure 3. 


Micro Code 

ALU Source 
Operands 

n 

h 


Octal 

Code 

R 

S 

L 

L 

L 

0 


Q 

L 

L 

H 

1 


B 

L 

H 

L 

2 


Q 

L 

H 

H 

3 


B 

H 

L 

L 

4 



H 

L 

H 

5 



H 

H 

L 

6 



H 

H 

H 

7 




Figure 2. ALU Source Operand Control 


Micro Code 

ALU 

Function 

Symbol 

15 

*4 

*3 

Octal 

Code 

D 

L 

L 

0 

R Plus S 

R + S 

B 

L 

H 

1 

S Minus R 

S - R 

B 

H 

L 

2 

R Minus S 

R -S 


H 

H 

3 

R OR S 

R V S 

H 

L 

L 

4 

R AND S 

R A S 

H 

L 

H 

5 

R AND S 

R A S 

H 

H 

L 

6 

R EX-OR S 

RVS 

H 

H 

H 

7 

R EX-NOR S 

RVS 


Figure 3. ALU Function Control 
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I DM2901 A, IDM2901A-1, IDM2901A-2 


Normally, the look-ahead carry mode is used when 
cascading the ALUs of several microprocessor devices. 
The carry generate (G) and carry propagate (P) outputs 
are suitable for use in acarry-look-ahead generator. A 
carry-out (C n + 4 ) is also generated and is available for 
use as the carry flag in a status register or as a ripple- 
carry output. Both carry-in (C n ) and carry-out (C n + 4 ) 
are active-high signals. Three other status-oriented 
outputs are available from the ALU; these are F 3 , F = 0, 
and overflow (OVR). The F 3 output is the most signifi- 
cant (sign) bit of the ALU, and, without enabling the 
TRI-STATE outputs, it can be used to determine 
positive or negative results. When enabled, the logic level 
of F 3 is identical to that of sign bit Y 3 . The F = 0 output 
is used for zero detect; F = 0 is high when all F outputs 
are low. The F = 0 output is of the open-collector type 
and can be wire ORed between microprocessor slices. 
The overflow (OVR) output is used to flag arithmetic 
operations that exceed the available twos-complement 
number range. When an overflow exists (C n +3 and 
C n +4 are of opposite polarity), the OVR output is high. 

' Outputs from the ALU can be stored in the register file 
or the Q register, or can be transmitted to the outside 
world. Eight possible destination codes are defined by 
microinstruction inputs lg, I 7 , and Is; the various 
destination control codes are shown in figure 4. The 
4-bit data field (Y 3 -Y 0 ) is a TRI-STATE output that 
can be directly bus organized. The Y outputs are enabled 
by OE; when this control signal is high, the Y-outputs 
are TRI-STATEd. A 2-input multiplexer is also used at 
the Y -output port to select either the A port of RAM 
or the F output of the ALU; this selection is controlled 
by the previously described microinstruction inputs (Ig, 
I 7 . and 

As previously described, the RAM inputs (register file) 
are driven by a 3-input multiplexer. Thus, outputs from 
the ALU can be entered nonshifted, shifted up (towards 
MSB) one position (x 2), or shifted down (towards LSB) 
one position (f-2). The shifter is equipped with two 
ports — RAMo and RAM 3 ; both ports consist of a 
TRI-STATE buffer-driver, each of which supplies one 
input to the foregoing multiplexer. In the shift-up (x2) 
mode, the RAM 3 output driver and the RAMg multi- 
plexer input are enabled, whereas in the shift-down (-^- 2 ) 
mode, the RAMq output driver and RAM 3 multiplexer 

input are enabled; in the no-shift mode, both drivers are 
TRI-STATE and neither multiplexer input is enabled. 
The shifter is controlled by the 1 6. I 7 , and 18 micro- 
instruction inputs. 

The Q register likewise is driven from a 3-input multi- 
plexer and the Q shifter is equipped with two input/ 
output ports — Qo and Q 3 . Operation of these two ports 
is similar to that of the RAM shifter, and the ports are 
controlled by 1 6 . > 7 , and Ig. In the shift-up or shift-down 
modes, the Q register is shifted in a specified direction 
with the input/output terminals of the register being an 
input (for a shift-up) or an output (for a shift-down). In 
the no-shift mode, the multiplexer may enter the ALU 
.data into the Q register; in this case, input/output lines 
of the register are TRI-STATE. 

The clock input shown in figure 1 controls the RAM, the 
A and B latches, and the Q register. When the clock 
input is high, the A and B latches are open and data 
from the RAM outputs is allowed to pass through to the 
ALU or "Y" outputs. When the clock input is low, both 
latches are closed and the last data entered is retained. 
When the clock input is low and if the input control 
code ( 1 0 , I 7 , and Is) has enabled a file-write operation, 
new data, as defined by the 4-bit B-address field, is 
written into the RAM file. When enabled, data is clocked 
into the Q register on the low-to-high transition of the 
clock pulse. 

Source Operands and ALU Functions 

Any one of eight source operand pairs can be selected 
by instruction inputs lo, l-|,and I 2 for use by the ALU; 
instruction inputs I 3 , I 4 , and I 5 then control function 
selection for the ALU - five logic and three arithmetic 
functions. In the arithmetic mode, the carry input (C n ) 
also affects the ALU functions; the carry input has no 
effect on the "F" result in the logic mode. These control 
parameters ( 1 6 ~ ' 0 and C n ) are summarized in figure 5 
to completely define the ALU/source operand functions. 
The ALU functions can also be examined on a task basis: 
that is, add, subtract, AND, OR, and so on. Again, in the 
arithmetic mode, the carry input will affect the result, 
whereas in the logic mode it will not. Figures 6 and 7, 
respectively, define the various logic and arithmetic 
functions of the ALU; both carry states (C n = 0/C n = 1) 
are defined in the function matrices. 




Figure 4. ALU Destination Control 





Micro Code 

RAM Function 

Q-Reg. Function 

Y 

RAM Shifter 

Q Shifter ! 

•8 I 7 >6 

Octal 

Code 

Shift 

Load 

Shift 

Load 

Output 





L L L 

0 

X 

None 

None 

F ->• Q 

F 

X 

X 

X 

X 

L L H 

1 

X 

None 

X 

None 

F 

X 

X 

X 


L H L 

2 

None 

F -> B 

X 

None 

A 


X 

X 


L H H 

3 

None 

F -+ B 

X 

None 

F 

X 

X 


X 

H L L 

4 

Down 

F/2- B 

Down 

Q/2 -*• Q 

F 

Fo 

mm 


IN 3 

H L H 

5 

Down 

F/2-+ B 

X 

None 

F 

F 0 

mm 


X 

H H L 

6 

Up 

2F -»■ B 

Up 

2Q -► Q 

F 

INo 

F3 


Q 3 

H H H 

7 

Up 

2F -* B 

X 

None 

F 

INq 

F3 

X 

Q3 

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a TRI-STATE output which is in the high-impedance state. 
B = Register Addressed by B inputs. 

Up is toward MSB, Down is toward LSB. 
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Figure 5. Source Operand and ALU Function Matrix 



+ = Plus; - = Minus; V = OR, A = AND; V= EX-OR. 


Figure 6. ALU Logic Mode Functions (C n Irrelevant) 


Figure 7. ALU Arithmetic Mode Functions 
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I DM2901 A, I DM2901 A-1, IDM2901A-2 


Pinout Descriptions of I DM2901 

Pin functions for the IDM2901 4-bit slice microproces- 
sor are as follows: 

A3-A0 4-bit address field used to select one of the 
file registers whose contents are displayed 
through the A port of RAM. 

63 -Bo 4-bit address field used to select one of the 
file registers whose contents are displayed 
through the B port of RAM. When the clock 
is low, new data can be written into the 
selected B-port register. 

*8 — 1 0 N' ne instruction-control lines — \qI\ / \I \2 
determine data sources of ALU, I3/I4/I5 
select ALU function, and 1 6^* 7/* 8 select 
data inputs for the Q register or the register 
file. 

Q3/RAM3 Serves as shift data input/output lines for 
the most significant bit (MSB) of Q register 
(Q3) and the register stack (RAM3). These 
lines are TRI-STATE outputs that connect 
to TTL inputs within the IDM2901 device. 
When the destination code, as defined by 
I6/I7/I8. indicates an up-shift (octal 6 or 7), 
the TRI-STATE outputs are enabled; accor- 
dingly, the MSB of the Q register is available 
on the Q3 pin and the MSB of the ALU 
output is available on the RAM3 pin. Other- 
wise, these output lines are TRI-STATE or 
serve as LS-TTL inputs. When a down-shift 
is indicated by the destination code, the Q3 
and RAM3 pins are used as data inputs to 
the MSB of the Q register or RAM. 

Qo/RAMg These shift lines are similar to Q3 and RAM3, 
except they operate on the least significant 
bit (LSB) of the Q register and RAM. To 
transfer data for up- and down-shifts of the 
Q register and the ALU, the Qo and RAMo 
pins are connected, respectively, to the next 
less-significant device (Q n and RAM n ) in 
the cascaded chain. 

D3-D0 A 4-bit data field that can be selected as a 
source of external data for ALU - Do is the 
least significant bit. 

Y3-Y0 4-bit output data of IDM2901. These lines 
are TRI-STATE; when enabled, they provide 
either the ALU output or data from the A 
port of the register file — the selected source 
is determined by the destination code, as 
defined by 16, 1 7, and 18- 


OE When the Output Enable (OE) signal is high, 

the Y outputs are inactive; when the signal 
is active-low, the active high or low outputs 
are enabled. 

P/G Carry generate and propagate outputs — see 

figure 8 for logic equations. 

OVR The overflow flag corresponds to the 
exclusive-OR of the carry-in and carry-out of 
the MSB of the ALU. When set high, it 
indicates that the result of an arithmetic 
twos-complement operation has overflowed 
into the sign bit — see figure 8 for the logic 
equation. 

F = 0 An open-collector output that goes high if 
all data lines (F3-F0) are low, that is, the 
result of an ALU operation is zero. 

C n Carry-in to ALU. 

C n +4 Carry-out of ALU — see figure 8 for logic 
equations. 

CP Clock input. Outputs of Q register and file 

are clocked on low-to-high transition; the 
low interval of the clock input corresponds 
to the "write enable" period of the 16-by-4 
RAM, that is, the "master" latches of the 
register file. When the clock is low, the 
output latches store the data previously held 
at the RAM outputs; thus, synchronous 
master-slave operation of the register file is 
permitted. 

F3 Most significant (sign) bit output of the 

ALU. 

Logic Functions for G, P, Cn+4, 
and OVR 

When the IDM2901 is in the add or the subtract mode, 
four signals (G, P, C n +4, and OVR) are available to 
indicate carry and overflow conditions. Based on the 
eight ALU functions, logic equations for these signal 
are shown in figure 8. (Note: The "R" and "S" inputs 
are selected according to figure 2.) 

Definitions (+ = OR): 

P0 =R 0 + S 0 Go=R()So 

Pi = Rl + Si Gi = R 1 S 1 

F > 2 =r 2 + S2 g 2 = r 2 S2 

p 3 =r 3 + s 3 G3 = R3S3 

C4 = G3 + P3G2 + p 3 p 2 G 1 + p 3 p 2 p 1 g 0 + p 3 p 2 p 1 p 0C n 
C3 = G2 + p 2 G 1 + p 2 p 1 G 0 + p 2 p 1 p 0C n 


'5,4.3 

Function 

P 

0 

R + S 

p 3 p 2 p 1 p 0 

1 

S - R 


2 

R -S 


3 

R V S 

LOW 

4 

R AS 

LOW 

5 

R AS 

LOW 

6 

RVS 


7 

R V-S 

G3 + G2 + Gi H 


G3 + P3G2 + P3P2G1 + P3P2P1G0 

Same as R + S equations, but substitute Rj for Rj in definitions. 

Same as R + S equations, but substitute Sj for Sj in definitions. 

P3 P 2 P 1 P 0 p 3 p 2 p 1 p 0 + C n PpgjPQ^Cn 

G3 + G2 + Gt + Go G3 + G2 + Gi + Gq + C n G3 + G2 + Gi + Go + C n 

Same as R A S equations, but substitute Rj for Rj in definitions. 

Same asRVS equations, but substitute Rj for Rj in definitions. 


Not* 1: G3 + P3G2 + P3P2G1 + p 3 p 2 p 1 p O<Go + 7?n) Not * 2: l p 2 + G 2 P 1 + G2G1P0 + ^2®1^0 c n) "V" ( P3 + G3P2 + G3G2P1 + G3G2G1P0 + G3G2GiGoC n l 

Figure 8. Logic Equations for Flag Outputs 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
IDM2901A 

When operated in a system, the timing requirements for 
the IDM2901 are defined in tables 1, 2, and 3. Table 1 
provides clock characteristics of the IDM2901, table 2 
gives the combinational delay times from input to 
output, and table 3 specifies setup and hold times. If 
used according to the specified delay and setup times, 
the device is guaranteed to function properly over the 
entire operating range. Table 3 defines the time prior to 
the end of the cycle (low-to-high transition of clock 
pulse) that each input must be stable to guarantee that 
the correct data is written into one of the internal 
registers. 


Table 1. Cycle Time and Clock Characteristics 


Time 

IDM2901A 

JC, NC 

JM, JM/883 

Read-Modify-Write Cycle 
(time from selection of 
A,B registers to end of 
cycle) 

60 ns 

75 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

16 MHz 

16MHz 

Minimum Clock Low Time 

30 ns 

30 ns 

Minimum Clock High Time 

30 ns 

30 ns 

Minimum Clock Period 

60 ns 

75 ns 


Table 2. Maximum Combinational Propagation Delays 
(all in ns; Cj_ < SO pF) 



Commercial 

1 DM2901 A JC, NC (0°C to +70°C; 5V ± 5%) 

Military 

IDM2901 A JM, JM/883 (-55° C to +125°C; 5V ± 10%) 

Output 

From Input 

T1 

f 3 

^n+4 

5/p 

i 

OVR 

Shift Outputs 

■ 

f 3 

Cn+4 

G/P 

m 

OVR 

Shift Outputs 

RAMo 

RAM 3 

do 

03 

RAM 0 

ram 3 

°o 

°3 

A. B 

ra 

mm 

IB 

— 

El 

IB 

■a 

■ 

m 

KB 

EB 

ra 

85 

wm 

ra 

- 

D (arithmetic model 

ra 

mm 

IB 



KB 

— 


IB 

KB 

KB 

40 

65 

55 

60 

- 

D (1 — X37) 

ra 

KOI 

- 

- 

EB 

- 

■3 

- 

KB 

KB 

- 

- 

IB 

- 

60 

- 

Cn 

mm 

KB 

El 

- 

KB 


■9 

- 

KB 

mm 

El 

- 

El 

■a 

45 

- 

'2.1.0 

MM: 

E 

Si 



El 

El 

- 

El 

Wp&- 

tea 

ra 

KB 

El 

75 

- 

'5.4,3 

E 

□ 

El 

El 

Mi 

El 

KM 

- 

El 

Ei 


KB 

El 

El 

mm 

- 

'8.7,6 

m 

- 

- 

- 

- 

- 


£2|| 


- 

- 

- 

- 

- 

El 

35 

CT Enable/Disable 

eh 

- 


- 

- 

- 

- 

I 


- 

- 

- 

- 

- 

ra 

- 

A Bypassing ALU (1 = 2xx) 

mm 

- 

ra 

- 

- 

- 

- 

- 

EB 

- 

- 

- 

- 

- 


- 

Clock _i (Note 6) 

ra 

mm 

El 

ra 

El 

wm 

60 

TO 

■B 

wm 

IB 

ES 

ra 

ra 

ra 

35 


Table 3. Maximum Setup and Hold Times (all in ns) — Note 1 



Commercial IDM2901A JC, NC 
(0° C to +70° C, 5 V i 5%) 

Military IDM2901A JM, JM/883 
(-55°C to +125°C, 5V t 10%) 

From Input 

Notes 

Setup Time 

Hold Tims 

Setup Time 

Hold Time 

A, B Source 

2.3,4, 5 

60, tp W L + 20 

0 

75, t pvv L + 25 

0 

B Destination 

2.4 

tpw L + ,5 

0 

W- + 15 

0 

D (arithmetic mode) 


40 

0 

50 

0 

D (1 = X37) 

5 

40 

0 

50 

0 

Cn 


35 

0 

40 

0 

'2,1.0 


45 

0 

55 

0 

'5,4,3 


45 

0 

55 

0 

'8,7,6 

4 

fpw^* ^ ^ 5 

0 

t pw L + 15 

0 

RAMo,3/Qo,3 


20 

0 

25 

0 


Note 1: See figures 9 and 10. 

Note 2: If the 8 address is used as a source operand, allow for the "A, 6 Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: "t pw L" is the clock low time. 

Note 5; DVO is the fastest way to load the RAM from the D inputs. This function is obtained with I - X37. 

Note 6; Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
I DM2901 A-1 

When operated in a system, the timing requirements for the 
IDM2901A-1 are defined in tables 1, 2, and 3. Table 1 
provides clock characteristics of the IDM2901 A-1, table 2 
gives the combinational delay times from input to output, 
and table 3 specifies setup and hold times. If used according 
to the specified delay and setup times, the device is guaran- 
teed to function properly over the entire operating range. 
Table 3 defines the time prior to the end of the cycle (low- 
to-high transition of clock pulse) that each input must be 
stable to guarantee that the correct data is written into one 
of the internal registers. 


Table 1. Cycle Time and Clock Characteristics 



IDM2901A-1 

Time 

JC, NC 

JM, JM/883 

Read-Modify-Write Cycle 
(time from selection of 
A, B registers to end of 
cycle) 

60 ns 

75 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

16 MHz 

16 MHz 

Minimum Clock Low Time 

30 ns 

30 ns 

Minimum Clock High Time 

30 ns 

30 ns 

Minimum Clock Period 

60 ns 

75 ns 


From Input 


A, B 


D (arithmetic mode) 


D (I = X37) 


C n 


'2,1,0 


'5,4,3 


'8.7.6 


OE Enable/Disable 


A Bypassing ALU (I = 2xx) 


(Note 6) 


Table 2. Maximum Combinational Propagation Delays 
(all in ns;C|_ < 50 pF) 


Commercial 

IDM2901A-1 JC. NC (0°C to +70°C; 5V ± 5%) 


Shift Outputs 


F 3 C n+4 G/P 


RAM 0 Qo 
RAM 3 q 3 


Military 

I DM2901 A-1 JM.JM/883 (-55°C to +125°C;5V ± 10%) 


Shift Outputs 


1=3 C n+4 G/P 


RAM 0 Qo 
RAM 3 q 3 




From Input 


A, B Source 


B Destination 


D (arithmetic mode) 


D (I = X37) 


C n 


'2.1.0 


'5.4.3 


'8.7.6 


RAMo,3/Qo,3 


Table 3. Maximum Setup and Hold Times (all in ns) — Note 1 


Commercial IDM2901A-1 JC, NC 
(0°C to +70° C, 5V t 5%) 


Setup Time 


60, t pvv L + 20 


tpwL f - 1 5 


40 


40 


35 


45 


45 


t pw L ■*" 1 5 


15/10 


Military IDM2901A-1 JM.JM/883 
(-55° C to +125° C, 5V ± 10%) 



Note 1 : See figures 9 and 10. 

Note 2: If the B address is used as a source operand, allow for the "A, B Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4: "t pw L" is the clock low time. 

Note 5: DVO is the fastest way to load the RAM from the D inputs. This function is obtained with I = X37. 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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Guaranteed Operating Conditions 
Over Temperature and Voltage for 
I DM2901 A-2 

When operated in a system, the timing requirements for the 
IDM2901A-2 are defined in tables 1, 2, and 3. Table 1 
provides clock characteristics of the IDM2901 A-2, table 2 
gives the combinational delay times from input to output, 
and table 3 specifies setup and hold times. If used according 
to the specified delay and setup times, the device is guaran- 
teed to function properly over the entire operating range. 
Table 3 defines the time prior to the end of the cycle (low- 
to-high transition of clock pulse) that each input must be 
stable to guarantee that the correct data is written into one 
of the internal registers. 


TABLE 1. Cycle Time and Clock Characteristics 



1 DM2901 A-2 | 

Time 

JC, NC 

JM, JM/883 

Read-Modify-Write Cycle 
(time from selection of 
A, B registers to end of 
cycle) 

50 ns 

65 ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

20 MHz 

16 MHz 

Minimum Clock Low Time 

25 ns 

30 ns 

Minimum Clock High Time 

25 ns 

30 ns 

Minimum Clock Period 

50 ns 

65 ns 


from Input 


A, B 


D (arithmetic mode) 


D (I = X37) 


C n 


'2,1,0 


'8,7,6 


OE Enable/Disable 


A Bypassing ALU (I = 2xx) 


Clock (Note 6) 


TABLE 2. Maximum Combinational Propagation Delays (all in ns; C|_ 50pF) 


Commercial Military 

IDM2901A-2 JC, NC (0°C to +70°C; 5V ± 5%) IDM2901 A-2 JM, JM/883 (-55°C to +125°C; 5V ± 10%) 


F = 0 Shift Outputs 

F 3 C n+ 4 G/P R L = OVR RAMqI Qo 
470 RAM 3 Q 3 



F = 0 Shift Outputs 

C n+4 G/P R l = OVR RAMq Qq 
470 RAM 3 Q 3 



maiciiEMi m 



TABLE 3. Maximum Setup and Hold Times (all in ns) — Note 1 



From Input 


A, B Source 


B Destination 


D (arithmetic mode) 


D (I = X37) 


C n 


'2,1,0 


'5.4.3 


'8,7.6 


RAM 0 ,3/Qo,3 


Commercial I DM2901 A-2 JC, NC 
(0°C to +70°C, 5V l 5%) 


Setup Time 


80, tpyyL + 20 


Ipw L ^ 8 


35 


35 


26 


35 


30 


Ipw*- “i - ^ 8 


12/10 


Hold Time 


0 


0 


0 


0 


0 


Military IDM2901 A-2 JM, JM/883 
(-55° C to +125°C, 5V t 10%) 



Setup Time 


60, t pw L + 20 


tpw*- "*”18 


40 


40 


30 


45 


45 


Ipw*- 


15/15 


Hold Time 


0 


0 


0 


0 



Note 1 : See figures 9 and 10. 

Note 2: If the B address is used as a source operand, allow for the “A, B Source" setup time; if it is used only for the destination 
address, use the "B Destination" setup time. 

Note 3: Where two numbers are shown, both must be met. 

Note 4; "t pvv L" is the clock low time. 

Note 5: DVO is the fastest way to load the RAM from the D inputs. This function is obtained with 1 = X37. 

Note 6: Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 




















































































Set-Up and Hold Times (mimimum cycles from each input) 

Setup and hold times are defined relative to the low-to- hold times are "zero." The set-up times allow sufficient 

high transition of the clock pulse. At all times, inputs time to perform the correct operation on the correct 

must be stable from the setup time prior to the clock data so that the correct ALU data can be written into 

until the hold time after the clock — observe that all the correct register. 



Note: Numbers shown are minimum data-stable times in nanoseconds for commercial product — see table 3 for detailed information. 

Figure 9. Setup Times for Input Parameters of 1 DM2901 



— 

Jilta. 


G. P OUTPUTS 




C n FROM IDM2901A - 
OR Cn+x FROM CARRY 
LOOKAHEAD GENERATOR. 


—►I 7 NOTES 2, 4 





Notes: 

1 . This delay is the max t p d of the register containing A, B, D, and I. 

2. 7 ns for look-ahead carry. For ripple carry over 16 bits use 2 x (C n -* C n + 4), or 24 ns. 

3. This is the delay associated with the multiplexer between the shift outputs and the shift inputs on the I DM2901 . 

4. Not applicable for logic operations. 

5. Clock rising edge may occur here if add and shift do not occur on same cycle. 


Figure 10. Switching Waveforms for 16-Bit System Assuming A, B, D, and I are Driven from Registers with the Same Propagation Delay and 
Clocked by the IDM2901. (These are maximum times in nanoseconds using commercial product specifications.) 
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IDM2901A, IDM2901A-1, IDM2901A-2 


Connection Diagram 


A3— 1 
A 2 — 2 
A|— 3 
Ao — 4 
l 8 — S 
H— 6 
U— 7 

RAM3— 8 
RAMq— 9 

Vcc— 10 
F-0 — 11 
IQ 12 


34 U— OVR 
33 U— C n +4 


Ordering Information 


NOTE: PIN 1 1S MARKED FOR ORIENTATION. 


Package 

Package 

Temperature 

Type 

Number 

Range 

Molded DIP 

N40A 

0 C to +70 C 

Hermetic DIP 

D40C 

0°C to +70°C 

Hermetic DIP 

D40C 

-55°C to +125°C 

Hermetic DIP 

D40C • 

— 55°C to +1 25° C 


Order 

Number 

IDM2901 ANC/I DM2901 A- 1 NC/I DM2901 A-2NC 
IDM29Q1 AJC/IDM2901A-1 JC/I DM2901 A-2JC 
IDM2901 AJM/I DM2901 A-1 JM/I DM2901 A-2JM 
IDM2901 AJM/883/1 DM2901 A-1JM/883/I DM2901 A-2JM/883 
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National 

Semiconductor 


2900 Family/ 
Bipolar Microprocessor 


IDM2902 Look-Ahead Carry Generator 


General Description 

This circuit is a high-speed, look-ahead carry generator, 
capable of anticipating a carry across four binary adders 
or groups of adders. It is cascadable to perform full 
look-ahead across n-bit adders. Carry, generate-carry, 
and propagate-carry functions are provided as shown in 
the pin designation table. 

When used in conjunction with the IDM2901A arith- 
metic logic units, this generator provides high-speed 
carry look-ahead capability for any word length. The 
IDM2902 generates the look-ahead (anticipated carry) 
across a group of four ALUs and, in addition, other 
carry look-ahead circuits may be employed to anticipate 
carry across sections of four look-ahead packages up to 
n bits. The method of cascading circuits to perform 
multi-level lookahead is illustrated under typical 
application data. 

Carry input and output of the ALUs are in their true 
form, and the carry propagate (P) and carry generate (G) 
are in negated form; therefore, the carry functions 
(inputs, outputs, generate, and propagate) of the look- 


ahead generators are implemented in the compatible 
forms for direct connection to the ALU. Reinterpreta- 
tions of carry functions, as explained on the IDM2901A 
data sheet, are also applicable to and compatible with 
the look-ahead generator. Positive logic equations for the 
2902 parts are: 

C-n+x = G 0 + PoCn 

C n +y = Gi + Pi Gq + Pi P 0 C n 

Cn+z = g 2 + p 2 g 1 + P2 p 1 Go + P2 P 1 p 0 c n 

G = G3<P3 + G2) ( p 3 + p 2 + G 1) (P3 + P2 + Pi + Go) 
P= p 3 p 2 p i p 0 

Features and Benefits 

Typical 

Propagation Typical Power 
Type Delay Time Dissipation 

I DM2902 7 ns 260 mW 


Logic and Connection Diagram 



Connection Diagram 

INPUTS DUTPUTS 



Pin Designations 


Designation 

Pin Nos. 

Function 

Go.G,. G2, G3 

3, 1. 14, 5 

Active Low 

Carry Generate Inputs 

P0- Pl- p 2. p 3 

4, 2, 15, 6 

Active Low 

Carry Propagate Inputs 

C n 

13 

Carry Input 

C n + X , Cn+y. 
Cn+z 

12 . 11, 9 

Carry Outputs 

G 

10 

Active Low 

Carry Generate Output 

P 

7 

Active Low 

Carry Propagate Output 

vcc 

16 . __ 

Supply Voltage 

GND 

8 

Ground 
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Absolute Maximum Ratings 


Operating Range 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65 Cto +150 C 
-55°C to +125°C 
-0.5V to +6.3V 

-0.5V to +Vcc ma * 
-0.5V to +5.5 V 
30 mA 

-30 mA to +5.0 m A 


Ambient 

P/N Temperature Vqq 

IDM2902JC, NC 0°Cto+70°C 4.75V to 5.25V 

IDM2902JM, JM/883 -55°C to +125°C 4.50V to 5.50V 


Electrical Characteristics Over Operating Temperature Range (unless otherwise noted) 


Commercial 

Military 


Ta = 0°C to +70° C 
Ta = -55°C to +125°C 


Vcc= 5.0 V ±5% 
Vcc = 5.0V± 10% 


MIN = 4.75V 
MIN = 4.50V 


MAX = 5.25 V 
MAX = 5.50V 


Parameter 

Description 

VOH 

Output HIGH Voltage 

v OL 

Output LOW Voltage 

VlH 

Input HIGH Level 

V|L 

Input LOW Level 

V| 

Input Clamp Voltage 

>IL 

(Note 3) 

Input LOW Current 

IlH 

(Note 3) 

Input HIGH Current 

ll 

Input HIGH Current 

'SC 

Output Short Circuit (Note 4) 

ICC 

Power Supply Current 


Test Conditions (Note 1) 


Vcc = MIN, Ioh = -0.8 mA 
V|N = V|HorV|L 


Vcc = MIN, Iol = 16mA 
V|N = V|Hor V|L 


Guaranteed input logical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 
voltage for all inputs 


Vcc = MIN, I in = -12 mA 


Vcc = MAX, V|N = 0.5V 


Typ. 

Min. (Note 2) Max. Units 


Vcc = MAX, V|N = 2.7 V 


Vcc = MAX, V|N = 5.5V 


Vcc = MAX, VquT = O.ov 


VCC = max 

All Outputs LOW 

ICC Power Supply Current 

Vcc = max 

All Outputs HIGH 


Notes: 

1 . For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0 V, 25° C ambient and maximum loading. 

3. Actual input currents = Unit Load Current times Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Switching Characteristics vcc = 5.ov,t a = 25 0 c, c l = i5 P f, R L = 4oon 



From (Input) 

To (Output) 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 


Cn+j 

> 

o 

II 

(N 

O. 

II 

oT 

II 

o 

Q- 


9.0 

12 

ns 

tPHL 

Cn 

G 0 = G] = G2 = 4.5V 


9.0 

12 

tPLH 

p,- 

Cn+j 

Pi = 0V (j > i) 


6.0 

8.0 

ns 

tPHL 

C n = Go = Gi = G 2 = 4.5 V 


6.0 

8.0 

tPLH 

Gj 

Cn+j 

G, = 0 V (j > i) 


7.0 

10 

ns 

tPHL 

C n = P0=Pl = P2 = 4.5V 


7.0 

10 

tPLH 


GorP 

Pi-OV (j > i) 


6.0 

10 


tPHL 

Pi 

C n = Go= Gi = G 2 = 4.5V 


6.0 

10 

ns 

tPLH 

Gi 

G or P 

; 

Gj = 0 V (j > i) 


7.0 

10 

ns 

tPHL 

C n = P 0 = Pi = P 2 = 4.5V 

BUB 

7.0 

10 


Typical Application 


64-Bit ALU with Full Look-Ahead Carry in Three Levels 
IOM2901 A 



A AND B INPUTS 
AND F OUTPUTS 
ARE NOT SHOWN. 


Ordering Information 


Package 

Type 


Package Temperature 

Number Range 


Order 

Number 


Molded DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 


N16A 

J16A (D16C) 
J16A (D16C) 
J16A (D16C) 


0 C to +70 C 
0 C to +70 C 
-55°C to +1 25° C 
-55°C to +1 25° C 


IDM2902NC/DM74S182N 
I DM2902JC/DM74S1 82J 
IDM2902JM/DM54S182J 
IDM2902JM/883/DM54S182J/883 
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IDM2909A/11A 


National 

Semiconductor 


2900 Family/ 
Bipolar Microprocessor 


IDM2909A/11A 
Microprogram Sequencer 


General Description 


The IDM2909A is a 4-bit wide address controller that is 
used to sequence through a series of microinstructions 
contained in ROM or PROM. Two devices can be inter- 
connected to generate an 8-bit address (256 words), 
three devices for a 12-bit address (4k words), and so on. 
For a given device, the 4-bit address field can originate 
from any one of four sources. These are: (1) direct "D" 
inputs from an external source, (2) external data from 
an internal register "R," (3) a push/pop stack that is 
4 words deep, and (4) a program counter, which usually 
contains the last address incremented by "1." Control 
of the push/pop stack is such that the stack can 
efficiently execute nested subroutine linkages. Moreover, 
each of the four TRI-STATE outputs can be ORed with 
an external input to implement conditional skips or 
branch instructions; a separate line is used to force the 
outputs to an "all-zero" state. As shown in the block 
diagram, the IDM2911A is identical to the IDM2909A, 
except the four OR inputs are removed and the "D" 
and "R" inputs are connected. The IDM2909A is housed 
in a 28-pin dual-in-line package, whereas the IDM2911A 
is a 20-pin device. 

Simplified Block Diagram 


Features and Benefits 

■ 4-bit cascadable slice — any number of microwords 
can be generated. 

■ Internal address register — provides four address 
sources. 

■ Branch input for N-way branches — where "N" is any 
word in the microcode. 

■ Cascadable 4-bit microprogram counter. 

■ 4x4 file with stack pointer and push/pop control — 
four microsubroutines can be nested. 

■ Zero input for returning to microcode word "zero." 

■ Individual OR input for each bit to branch to higher 
microinstruction (IDM2909A only). 

■ TR I -STATE outputs. 

■ All internal registers change state on Low-to-High 
transition of clock pulse. 


Connection Diagrams 



rToMJSMONU 

I ( OBJ 


>0 X| x: Xj 


Vo V) YJ YJ 
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Absolute Maximum Ratings 

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential Continuous -0.5V to +7.0V 
DC Voltage Applied to Outputs for -0.5 V to +Vcc max 

High Output State 

DC Input Voltage -0.5 V to +7.0V 

DC Output Current into Outputs 30 mA 

DC Input Current -30mA to +5. 0mA 


Operating Range 

P/N 

IDM2909ANC, JC 
IDM291 1 ANC, JC 
IDM2909AJM, JM/883 
IDM2911AJM, JM/883 


Ambient 

Temperature 

0°C to +70° C 
0°C to +70° C 


Vcc 

4.75V to 5.25V 
4.75V to 5.25V 
-55°C to +125°C 4.50V to 5.50V 
-55°C to +125°C 4.50V to 5.50V 


Electrical Characteristics 

Commercial T A = 0°C to +70°C, Vcc = 4.75 V to 5.25 V 
Military T A = -55°C to +1 25°C, V C C = 4.50 V to 5.50 V 


Parameter 

Description 

Test Conditions (Note 1) 

Min. 

Typ. 
(Note 2) 

Max. 

Units 

VOH 

Output High Voltage 

Vcc = min . 

V|N = V|H or V|L 

Mil 

'OH = -1.0mA 

El 



V 

Com'l 

'OH = -2.6 mA 

EB 



v OL 

Output Low Voltage 

Vcc = m ' n - 

V|N = V|H or V|L 

Iql = 4.0mA 



|Q 

V 

'OL = 8.0mA 



|Q 

Iql = 16mA (Note 5) 




V|H 

Input High Level 

Guaranteed input logical high voltage for all 
inputs 

2.0 



V 

V|L 

Input Low Level 

Guaranteed input logical low voltage for all 
inputs 


■ 

0.8 

V 

V| 

Input Clamp Voltage 

Vcc = min, 'IN = -18mA 




V 

IlL 

Input Low Current 

Vcc = max, V IN = 0.4V 



-0.36 

mA 

>IH 

Input High Current 

Vcc = max, V|N = 2.7V 




HA 

l| 

Input High Current 

Vcc = max, V)N = 7.0V 



ED 

mA 

'OS 

Output Short Circuit Current (Note 3) 

Vcc = max 

m 


-100 

mA 

•cc 

Power Supply Current 

Vcc = max (Note 4) 


80 

jgP 

mA 

>OZL 

Output Off Current 

Vcc = max, 
OE = 2.7 V 

v OUT = 0.4 V 



E9 

V A 

'OZH 

V 0 UT = 2.7 V 



KIM 


Notes: 

1 . For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to C n , Ro, Ri , R2. R3, ORg, OR t , OR2,OR3 ,Do,Di, D 2, and D3. Other inputs open. All outputs open. Measured after a 
LOW-to-HIGH clock transition. 

5. The 16 mA guarantee applies only to Yg, Yi , Y2, and Y3. 
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IDM2909A/11A 


Standard Scraanin^ (Conforms to MIL-STD-883 for Class C Parts) 



MIL-STD-883 


Level 

Step 

Method 

Conditions 

IDM2909A/2911ANC, JC 

IDM2909A/2911A JM 

Pre-Seal Visual Inspection 

2010 

B 

100% 

100% 

Stabilization Bake 

1008 

C 24-hour, 150°C 

100% 

100% 

Temperature Cycle 

1010 

C -65° C to +150°C 
10 cycles 

100% 

100% 

Centrifuge 

2001 

B 1 0,000 G 

100% # 

100% 

Fine Leak 

1014 

A 5 x 10 ® atm-cc/cm® 

100%* 

100% 

Gross Leak 

1014 

C Fluorocarbon 

100%* 

100% 

Electrical Test 

Subgroups 1, 7, and 9 

5004 

See below for 
definitions of'subgroups 

100% 

100% 


Insert Additional Screening here for Class B Parts 


5005 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


•Not applicable to IDM2909ANCor IDM2911ANC. 


See below for 
definitions of subgroups 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 
LTPD = 7 


LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 7 
LTPD = 5 


Group A Subgroups 

(as defined in MIL-STD-883. Method 5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25°C 

2 

DC. 

Maximum Rated Temperature 

3 

DC 

Minimum Rated Temperature 

7 

Function 

25° C 

8 

Function 

Maximum and Minimum 
Rated Temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum Rated Temperature 

11 

Switching 

Minimum Rated Temperature 


Additional Screening for Class B Parts 


Step 

MIL-STD-883 

Method 

Burn-In 

1015 

Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 

5004 


D 125 C 

160 hours min. 


Level 


I DM2909 A/1 1 A JM/883 


100 % 


Return to Group A Tests in Standard Screening 
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Switching Characteristics Over Operating Range 

All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 
IDM2909A/1 1 A JC, NC T A = 0°C to +70° C Vcc = 4.75 V to 5.25V 

IDM2909A/1 1 A JM, JM/883 T A = -55°C to +1 25° C Vcc = 4.5 V to 5.5 V) 


Table 1. Minimum Clock Requirements 


Table 3. Maximum Delays from Clock to Outputs 


Table 4. 

Setup and Hold Time Requirements 


Minimum Clock Low Time 

30 

Minimum Clock High Time 

30 


Table 2. 

Maximum Combinatorial Propagation Delays 


Inputs 

Outputs 

Yj 

Cn+4 

OE 

25 

- 

ZERO 

30 

35 

ORj 

20 

30 

So. Si 

30 

35 

Di 

20 

30 

Cn 

- 

18 


Functional 

Path 

Grade 

Clock 
to Yj 

Clock 
to C n +4 

Register 

(Si So = LH) 

C 

40 

45 

M 

50 

55 

p Program Counter 
(S 1 S 0 = LL) 

C 

40 

45 

M 

50 

55 

File 

(Si Sq = HL) 

C 

45 

50 

M 

55 

60 


CL< 50pF 

(except output disable tests) 


External 

Inputs 

u 

th 

RE 

20 

0 

Ri 

15 

0 

PUSH/POP 

20 

0 

re 

20 

0 

Cn 

15 

0 

Di 

20 

0 

ORj 

20 

0 

So. Si 

30 

0 

ZERO 

30 

0 



CLOCK TO Yi OR C„+4 
(TABLE 3) 


INPUTS TO Y OR C n +4 
(TABLE 2) 


YOUT 

C n +4 


I 


5 


Figure 1. Switching Waveforms (refer to preceding tables for specific values) 


VOH 

1.3V 

VOL 


Architecture of 
Microprogram Sequencer 

A 4-input multiplexer selects one of four sources for the 
address of the next microinstruction address; these 
sources are: the address register, the microprogram 
counter, direct inputs, and the memory file. The multi- 
plexer is controlled by the So/Si inputs. As shown in 
figure 2, the address register consists of four D-type 
edge-triggered flip-flops with a common clock enable. 
When the REGISTER ENABLE signal is low, new data 
is entered on the low-to-high transition of the clock. 
The "Q" outputs of the address register are available 
at the input of the multiplexer as a source for the next 
microinstruction address. The direct inputs (D 0 -D 3 ) 
can likewise be selected as an address input to the 
multiplexer. 

Both the IDM2909A and the IDM2911A are bipolar 
microprogram sequencers designed for use in high-speed 


microprocessors, high-performance computer control 
units, and other applications where overlap fetch of the 
microinstruction is required. Each device is cascadable 
in 4-bit increments such that two devices can address up 
to 256 words of microprogram memory, three devices 
up to 4k of memory, and so on. A detailed block 
diagram of the microprogram sequencer is shown in 
figure 2 . 

In the IDM291 1A, the 4-bit direct field is also used as an 
input to the address register, that is, Ro and Do are 
connected, R-) and Di are connected, and so on. With 
the "R" and "D" connections made and the OR inputs 
removed, the IDM2911A can perform an N-way branch, 
where "N" is any word in the microcode. 
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Test Output Load Configurations for IDM2909A/2911A 


A. Three-State Outputs 


B. Normal Outputs 



5.0-V be -V O l S3 


IRZ — |— Cl 


5.0- VbE~ v OL 

'ol + Vql/RJ 


Note 1: Cj_ = 50 pF includes scope probe, wiring and stray capacitances without device in test fixture. 
Note 2: SI, S2, S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for \pzH test. 

SI and S2 are closed while S3 is open for tpzL test. 

Note 4: C|_ = 5.0 pF for output disable tests. 

Test Output Loads 


Pin # 


Test 

IDM2909 

IDM2909A 

(DIP) 


Circuit 

R1 

R2 

R1 

R2 

18-21 

Y 0-3 

A 

300 

Ik 

220 

Ik 

24 

^n + 4 

B 

470 

2.4k 

220 

2.4k 


Pin# 


Test 

IDM2911 

IDM2911A 

(DIP) 


Circuit 

R1 

R2 

R1 

R2 

12-15 

Y 0-3 

A 

300 

Ik 

220 

Ik 

18 

^n + 4 

B 

470 

2.4k 

220 

2.4k 


Burn-in Circuit for IDM2911A 


Notes: 

Max Iqc = 200 mA 
T a = + 125”C 
Resistors = ±5% 

R1 = 3900 
R2 = 560ft 
R3 = 1 t kft 

f|N = 100 kHz, 50% duty cycle, 0V-3V 
From clock buffer on each board: 
Vcc min = 5.0V 
Vcc max = 5.lV 


i RininuBinnii i 


PUSH/FE C n +4 
POP 

Cn 

OE Y3 

Y2 

Y1 YO 

SI 



IDM2911A 




CP Vcc RE 

D3 

02 01 

00 

GND ZERO 

SO 


23-28 











I DM2909 A/11 A 


The microprogram counter consists of a 4-bit incremen- 
ter followed by a 4-bit register. The carry-in (C n ) and 
carry-out (C n +4> features of the incrementer make 
cascading to larger word lengths easy and straightforward. 
The microprogram counter can be used in either of two 
ways. When the least significant bit of C n is high, the 
microprogram register (/i PC) is loaded on the next clock 
cycle with the current output word (Y0-Y3) plus 1, 
that is, Y + 1 -*■ 11 PC; thus, sequential microinstructions 
are executed. When C n is low, the "Y" outputs are not 
incremented; accordingly, the same microinstruction can 
be repeatedly executed. The last address source available 
at the input of the multiplexer is the 4-bit/4-word stack 
file; when executing subroutines, the file provides return 
address linkage. The 4-by-4 memory matrix contains a 
stack pointer (SP) that always points to the last word 
written in the file; thus, stack reference operations 
(looping) can be performed without a push or pop. The 
stack pointer operates as an up/down counter with 
separate PUSH/POP and FILE ENABLE inputs. When 
the enable signal is low and the other signal is high, the 
"push" operation is enabled. Under these conditions, the 
stack pointer is incremented and the file is written with 
the required return linkage, that is, the next micro- 
instruction address following the subroutine jump that 
initiated the "push." If both input signals (PUSH/POP 
and FILE ENABLE) are low, a "pop" operation is 
implemented. During this clock cycle, the return linkage 
is used to return from the subroutine; the next low-to- 
high transition of the clock pulse decrements the stack 
pointer. 

When the FILE ENABLE signal is high, the stack pointer 
is not incremented or decremented, regardless of whether 
the PUSH/POP signal is high or low. Linkage of the stack 
pointer is such that any combination of pushes, pops, or 
stack references can be implemented; one microinstruc- 
tion subroutine can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be 
nested. The ZERO input is used to force all four outputs 
(YQ-Y3) of the multiplexer to the zero (logic 0) state. 
When the zero input is low, all Y-outputs are low, unless 
overridden by the OUTPUT ENABLE (OE) signal. Also, 
each bit of the Y-output word can be ORed at the input 
such that conditional logic can be enforced; this allows 
execution of microinstructions to occur in any program- 
med sequence. 

Definition of 

Terms and Symbols (Figure 2) 

Inputs to IDM2909A/11A: 

So/Si Control lines for address-source selection 

FE/PUP Control lines for push/pop stack 
RE Enable signal for internal address register 

OR; Logic OR input for each address output 

line 

ZERO Logic AND input for all output lines 

OE Output Enable; when OE is high, the 

Y-outputs are TRI-STATE (high imped- 
ance) 

C n Carry-in to incrementer 

Rj Inputs to the internal address register 

Dj Direct inputs to the multiplexer 

CP Clock inputs 


Outputs from the I DM2909A/11 A: 

Yj Address outputs; address inputs to 

control memory 

C n +4 Carry-out from the incrementer 

/uPC Contents of the microprogram counter 

REG Contents of the internal register 

STK0/STK3 Contents of the push/pop stack. By 
definition, the word addressed by the 
stack pointer in the 4-by-4 file is STKO. 
Data is pushed onto the stack at STKO 
and is subsequently pushed to STK1, 

STK2, and finally to STK3. When the 
stack is popped, data is removed in the 
following order: STK3-*STK2-> 

STK1 , and then to STKO. When a push 
or pop occurs, only the stack pointer 
changes — the data is not physically 
shifted within the stack. 

SP Contents of the stack pointer 

Terms and symbols external to the IDM2909A/1 1 A: 

A Control memory address 

1(A) Instruction in control memory at 

address "A" 

juWR Contents of microword register at 

output of control memory; this register 
contains the instruction currently being 
executed 

T n Period of timing cycle 

Operation of the 
IDM2909A/11A 

Select codes for the multiplexer and the truth tables for 
output control/stack control are shown in figure 3. The 
two bits (Sq/Si) from the microword register (plus 
additional branching logic) determine the data source for 
the next microinstruction address. The selected data 
source appears on the Y-outputs of the multiplexer. 

A state table for Sq, S-|, FE, and PUP is shown in figure 
4; these signals define not only the address specified by 
the Y-outputs, but also the state of all internal registers, 
following the low-to-high transition of the clock pulse. 
In figure 4, it is assumed that the microprogram counter 
initially contains some word "J," word "K" is in the 
address register, and words R a through Rj are contained 
in the 4-word push/pop stack. 

The sequence for executing a subroutine using the 
IDM2909A is illustrated in figure 5. For any given clock 
cycle, the instruction being executed is contained in the 
microword register (/uWR); the contents of this register 
also directly (or indirectly) control So, Si, FE, and PUP. 
At the appropriate time, the starting address of the sub- 
routine is applied to the "D" inputs of the sequencer. 
The three left-hand columns of figure 5 show the execu- 
tion sequence of the instructions and the designated 
execution cycles. At address "J+2," the sequence- 
control part of the microinstruction contains the 
command "Jump To Subroutine A." At time t2, the 
"J + 2" instruction resides in the iMIR and the inputs of 
the sequencer are set up to execute the "jump," and to 
save the return address. Address bits for subroutine "A" 
are taken from the microword register and applied to the 
D-inputs of the multiplexer; the output appears at the 
Y-port of the multiplexer. 
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Address Selection 


Output Control 


Octal 

tu 

EH 

Source for Y Outputs 

Symbol 

0 

n 

D 

Microprogram Counter 

pPC 

HU 

D 

D 

Register 

REG 



B 

Push-Pop Stack 

STKO 

3 

D 

B 

Direct Inputs 

Dj 



ZERO 

m 

Yi 

K 

X 

n 

Z 

O 

L 

L 

L 

o 

H 

L 

H 

n 

H 

L 



Z = High Impedance 


Synchronous Stack Control 


FE 

PUP 

Push-Pop Stack Change 

H 

X 

No change 

L 

H 

Increment stack pointer, then 
push current PC onto STKO 

L 

L 

Pop stack (decrement stack pointer) 


H = High 
L = Low 
X = Don't Care 


Figure 3. Truth Tables for Multiplexer Control Signals 


Cycle 





E 

STK2 

STK3 

YOUT 

Comment 

Principal 

Use 

N 

N+1 

0 0 0 0 

J 

J+1 

K 

K 

Ra 

Rb 

Rb 

Rc 


Rd 

Ra 

■ 

Pop Stack 

End Loop 

N 

N+1 

0 0 0 1 



Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

B 

Push pPC 

Set Up 
Loop 

N 

N+1 

0 0 1 X 

J 

J+1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

1 

Continue 

Continue 

N 

N+1 

0 10 0 





Rc 

Rd 

Rd 

Ra 

K 

Pop Stack; 

Use AR for Address 

End Loop 

N 

N+1 

0 10 1 




Rb 

Ra 

Rc 

Rb 



Push p PC; 

Jump to Address in AR 

JSR AR 

N 

N+1 

0 1 1 X 



E9 

mm 

Rb 

Rb 


Rd 

Rd 

K 

Jump to Address in AR 

JMP AR 

N 

N+1 

10 0 0 




Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Ra 

Jump to Address in STKO; 
Pop Stack 

RTS 

N 

N+1 

10 0 1 



| 


Rc 

Rb 

Rd 

Rc 

Ra 

Jump to Address in STKO; 
Push pPC 


N 

N+1 

1 0 1 X 



■ 

■Si 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra . 

Jump to Address in STKO 

Stack Ref 
(Loop) 

N 

N+1 

110 0 



Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 


Pop Stack; 

Jump to Address on D 

End Loop 

N 

N+1 

110 1 


K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

D 

Jump to Address on D; 
Push pPC 

JSR D 

N 

N+1 

1 1 1 X 

J 

D+1 


Ra 

Ra 

Rb 

Rb 

Rc 

u_?l_ 

Rd 

Rd 

D 

Jump to Address on D 

JMP D 


X = Don't Care, 0 “ Low, 1 = High, Assume C n = High 
Note: STKO is the location addressed by the stack pointer. 



Figure 4. Output and Internal Next-Cycle Register States for IDM2909A/1 1 A 
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IDM2909A/11A 


Control Memory 


Execute Microprogram 

Cycle ... Sequencer 
Addr8M Instruction 



Execute Cycle 


WMililililiIr 1 


IDM2909A Si, So 0 

Inputs FI H 

(from pi ip v 

MWR) ' UP * 





J+3 A+1 A+2 A+3 J+4 J+5 

J+3 J+3 J+3 1 1 



IDM2909A 

Output 

■ 

J+1 

J+2 

A 

A+1 

A+2 

J+3 

J+4 

J+5 

■ 

1 

ROM 

Output 

(Y) 

KJ+1) 

JSR A 

KA) 

KA+1) 

RTS 

KJ+3) 

KJ+4) 

1 (J+5) 


■ 

Contents 

pWR 

l(J) 

KJ+1) 

JSR A 

KA) 

KA+1) 

RTS 

KJ+3) 

KJ+4) 


■ 


of pWR 
(Instruction 
being 
executed) 



Figure 5. Execution of Subroutine 


Subsequently, the first instruction "1(A)" of the subrou- 
tine is accessed and input to pWR. On the next low-to- 
high transition of the clock, 1(A) is loaded intopWR for 
execution and the return address (J+3) is pushed onto 


the stack. At t5, the return instruction is executed. 
Figure 6 shows a similar instruction sequence where one 
subroutine is linked to another — the second subroutine 
consists of only one microinstruction. 


Control Memory 


Execute Microprogram 

Cvcle Address , Sequencer 
Instruction 



Execute Cycle 



IDM2909A Si, So 
Inputs PE 

(from PUP 

MWR) „ 





J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4 

' ' J+3 J+3 J+3 A+3 J+3 J+3 1 

J+3 



IDM2909A 

Output 

Y 

J+1 

J+2 

■ 

A+1 

A+2 

B 

A+3 

A+4 

J+3 

J+4 

ROM 

Output 

(Y) 

KJ+1) 

JSR A 

KA) 

KA+1) 

JSR B 

RTS 

l(A+3) 

RTS 

KJ+3) 

KJ+4) 

Contents 

pWR 

l(J> 

KJ+1) 

JSR A 

KA) 

KA+1) 

JSR B 

RTS 

1 (A+3) 

RTS 

KJ+3) 
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I DM291 OA 


National 

Jui Semiconductor 


I DM291 OA Microprogram Controller 


2900 Family/ 
Bipolar Microprocessor 
PRELIMINARY 


General Description 

The IDM2910A Microprogram Controller is a 12-bit 
wide address controller packaged in a standard 
40-pin dual-in-line package. The IDM2910A features 
TRI-STATE® outputs and is fabricated using SCL 
(Schottky ECL) technology. The IDM2910A is a micro- 
program memory address controller that controls the 
execution sequence of microinstructions. In addition 
to being able to sequentially access memory, the 
IDM2910A is also able to conditionally branch to any 
microinstruction within the 4096 microinstruction 
range. A five-level last-in, first-out (LIFO) stack 
provides microsubroutine return linkage. An Internal 
loop counter is included to provide the repeating 
instructions or perform up to 4096 loop iterations. 

As each microinstruction is executed, the IDM2910A 
selects a 12-bit address from one of four sources: 

1. The Microprogram Address Register which usually 
contains the increment address of the previous 
microinstruction. 

2. The external Direct Input lines, 

3. The Register/Counter which contains an address 
or data loaded during a previous microinstruction. 

4. The LIFO Stack. 


Features and Benefits 

■ Twelve-bit wide address — controls up to 4096 
words of microcode with one device 

■ Internal register/counter — a 12-bit down-counter 
that may be used to count loop iterations 

■ Four address sources — the next microprogram 
address selected from the microprogram address/ 
register data input lines, LIFO stack, or register 
counter 

■ Sixteen powerful microinstructions — executes 
16 sequence control instructions 

■ Output enables for three branch address sources 
— replaces either external decoder or additional 
bit of microcode 

■ Positive-edge triggering for all internal registers 

■ Fast condition-code control — typically a 19 ns 
delay from a condition-code input to an address 
output 

■ SCL technology — provides ECL speeds while 
maintaining low-power Schottky power consump- 
tion 

■ 100% reliability testing in compliance with MIL- 
STD-883. 


IDM2910A Block Diagram 



23-34 



Absolute Maximum Ratings 

Storage Temperature -65°Cto +150°C 

Temperature (Ambient) Under Bias -55°Cto +125°C 
Supply Voltage to Ground Potential -0.5V to +6.3V 

DC Voltage Applied to Outputs 

for High Output State -0.5V to + V cc max 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, into Outputs 30mA 

DC Input Current -30 mA to + 5.0 mA 


Operating Range 

Part Number 

IDM2910A JC, NC 


Ambient 

Temperature 

0°C to +70°C 


V C c 

4.75V to 5.25V 


IDM2910A JM, JM/883 -55°C to +125°C 4.50V to 5.50V 


Standard Screening (Conforms to MIL-STD-883 for Class C parts) 


Step 


MILSTD-883 

Method 


Conditions 


Level 


DC, NC 


DM 


Pre-Seal Visual Inspection 


2010 


B 


100 % 


100% 


Stabilization Bake 


1008 


C: 24-hour 1 50 °C 


100 % 


100% 


Temperature Cycle 


1010 


C: -65“C to +150°C 
10 cycles 


100% 


100% 


Centrifuge 


2001 


B: 1 0,000 G 


100 %' 


100% 


Fine Leak 


1014 


A: 5 x 10 _8 atm-cc/cm 3 


100 %' 


100 % 


Gross Leak 


1014 


C2: Fluorocarbon 


100 %’ 


100 % 


Electrical Test 
Subgroups 1, 7, and 9 


5004 


See below for 
definitions of subgroups 


100% 


100% 


Insert Additional Screening here for Class B parts 


Group A Sample Tests 





Subgroup 1 



LTPD = 5 

LTPD = 5 

Subgroup 2 



LTPD = 7 

LTPD = 7 

Subgroup 3 

5005 

See below for 

LTPD = 7 

LTPD = 7 

Subgroup 7 

definitions of subgroups 

LTPD = 7 

LTPD = 5 

Subgroup 8 



LTPD = 7 

LTPD = 7 

Subgroup 9 



LTPD = 7 

LTPD = 5 


'Not applicable to IDM2910ANC. 


Additional Screening for Class B Parts 


Group A Subgroups 

(as defined in MILSTD-883, method 5005) 



MIL-STD-883 


Level 

Step 

Method 

Conditions 

DM/883 

Burn-In 

1015 

D: 125 *C, 160 hours min 

100% 

Electrical Test 

5004 



Subgroup 1 



100% 

Subgroup 2 



100% 

Subgroup 3 



100% 

Subgroup 7 



100% 

Subgroup 9 



100% 

Return to Group A Tests in Standard Screening 


Subgroup 

Parameter 

Temperature 

1 

2 

3 

7 

8 

9 

10 

11 

DC 

DC 

DC 

Function 

Function 

Switching 

Switching 

Switching 

25 ”C 

Maximum rated temperature 
Minimum rated temperature 
25 °C 

Maximum and minimum rated 
temperature 
25 °C 

Maximum rated temperature 
Minimum rated temperature 
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Electrical Characteristics 

The following conditions apply unless otherwise specified: 

Comm’l T a = 0°C to +70°C V CC = 5.0V±5% min=4.75V max = 5.25V 

Mil T c = -55 °C to +125 °C V CC = 5.0V±10% min = 4.50V max = 5.50V 


DC Characteristics over Operating Range 


Symbol Description 


V 0 h Output HIGH Voltage 


V 0L Output LOW Voltage 


Input HIGH Level (Note 4) 


Input LOW Level (Note 4) 


Input Clamp Voltage 


Input LOW Current 


Input HIGH Current 


Input HIGH Current 


Output Short Circuit 
Current (Note 3) 


Output OFF Current 


Output OFF Current 


Power Supply Current 


IDM2910A DC, NC 


IDM2910A DM, DM/883 


Test Conditions (Note 1) 


Vcc = min, Ioh= -5mA, 
V| N = V| H or V, L 


V cc = min, V, N = V, H or V 1L , 
Y o-n Iol = 1 2 mA (Comm’l) 
Y 0 -ii l 0L = 12mA (Mil) 

PL, VeCT, MAP, FDET 
I ol = 8mA 


guaranteed input logical 
HIGH voltage for all inputs 


guaranteed input logical 
LOW voltage for all inputs 


Vcc = min, l|N = ,-18mA 


Vcc = max, Vin = 0.5V 


V cc = max, V, n = 2.7V 


r cc = max 


V cc = max, OE = 2.4V, 
V 0 ut = 0.5V 


V cc = max.OE = 2.4 V, 
Vqut = 2.4 V 


V C c = max 



Notes: 

1. For conditions shown as min or max, use the appropriate value specified under Electrical Characteristics for the applicable 
device type. 

2. Typical limits are at Vcc = 5.0V, 25’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should be tested only in a static- and noise-free environment. 
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Figure 1. Switching Waveforms 

Setup (t s ) and hold (t^) times for varied Inputs are listed in Table A. Combinational input to 
output delays are listed in Table B. Clock requirements are listed in Table C. 

See Figure 3, Switching Waveform Timing, for a typical cycle. 


Switching Characteristics 

(Refer to Figure 1.) 

IDM2910A switching characteristics for the typical, commercial and military operating ranges available are given in 
Tables A, B, and C on this page and the following page. 

Table A contains setup and hold times with respect to the clock low-to-high transition. Table B contains combina- 
tional delays from input to output. Table C contains the clock requirements. 

All measurements are made at 1.5V with input levels at OV or 3V. All times are in nanoseconds. 


Typical Room Temperature Characteristics 

(T a = 25 "C, V cc = 5.0V, C L = 50pF) 


A. Setup and Hold Times 


Input 

mm 

mm 

D| — R 

mm 

mm 

D, - AR 

mm 

6 

MW 

Hi 

6 

cc 

E 

6 

CCEN 

mm 

6 

c n 

mm 

6 

Rub 

mm 

6 


B. Combinational Delays 


Input 

Y 

PL, VECT, MAP 


D 0 - D,, 

14 

- 

- 

•o _l 3 

mm 

20 

- 

cb 

21 

- 

- 

CCEfT 

21 

- 

- 

CP 

1 = 8, 9, 15 

28 

- 

- 

CP (Note) 
1 = 8, 9, 15 

28 

- 

- 

CP 

All Other 1 

24 

- 

28 

5E 

1^3 

- 

- 


Not*: If the instruction prior to the clock was 4 or 12 or RLO was 
tow. delays are as listed. 


C. Clock Requirements 


Minimum Clock LOW Time 

mm 

ns 

Minimum Clock HIGH Time 

Hi 

ns 

Mfnlmum Clock Period, 1 =8, 9, 15 

mm 


Minimum Clock Period, 1 = 14 

H 

ns 


Clock periods for other Instructions are determined by external 
conditions. 
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Guaranteed Characteristics over 
Commercial Operating Range 

I DM291 OA DC, NC 

(T A = 0 *C to + 70 °C, V cc = 4.75V to 5.25V, C L = 50 pF) 


A. Setup and Hold Times 


Input 

n 

mm 

D,- R 

mm 

0 


mm 

0 

lo-ia 


0 

cc 


0 

cCen 


0 

c„ 


0 

RCD 

mm 

0 


B. Combinational Delays 


Input 

Y 

?L, VECT, MAP 

FULL 

D0-D11 

20 

- 

- 

I0-I3 

35 

30 

- 

CC“ 

35 

- 

- 

CCEN 

35 

- 

- 



- 

- 

CP (Note) 
1 = 8, 9, 15 

45 

- 

- 

CP 

All Other 1 

35 

- 

30 

OE 

25/25 


• - 


Not«: If the instruction prior to the clock was 4 or 12 or RLD was 
low, delays are as listed. 


C. Clock Requirements 


Minimum Clock LOW Time 

30 

ns 

Minimum Clock HIGH Time 

30 

ns 

Minimum Clock Period, 1 = 8, 9, 15 

60 

ns 

Minimum Clock Period, 1 = 14 

60 

ns 


Clock periods for other instructions are determined by external 
conditions. 


Guaranteed Characteristics over 
Military Operating Range 

IDM2910A DM, DM/883 

(T a = -55°C to + 125 “C, V CC = 4.5V to 5.5V, C u = 50pF) 


A. Setup and Hold Times B. Combinational Delays 


Input 

Y 

PL, VECT, MAP 

FULL 

Do-Dn 

25 

- 

- 

■o - 

40 

35 

- - 

CC 

40 

- 

- 

CCEN 

40 


- 

CP 

1 = 8, 9, 15 

55 

- 

- 

CP (Note) 
1 = 8, 9, 15 

55 

- 

- 

CP 

All Other 1 

40 

- 

35 

OE 

25/25 

- 

- 


Note: If the instruction prior to the clock was 4 or 12 or RLD was 
low, delays are as listed. 


Input 

«. 

«h 

D, - R 

17 

0 

CC 

< 

t 

o 

30 

0 

I0-I3 

40 

0 

cc 

40 

0 

CCEN 

40 

0 

c„ 

35 

0 

RLD 

30 

0 


C. Clock Requirements 


Minimum Clock LOW Time 

35 

ns 

Minimum Clock HIGH Time 

35 

ns 

Minimum Clock Period, 1 = 8, 9, 15 

70 

ns 

Minimum Clock Period, 1 = 14 

70 

ns 


Clock periods for other instructions are determined by external 
conditions. 
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DIP 



Figure 2. Pin Connection Diagram 


Table 1. IDM2910A Pinout Descriptions 


Abbreviation 

Name 

Function 

D„ 

i = 0 to 11 

Direct Inputs 

12 direct input lines carrying data into the register/counter or a 
jump address to be used by the multiplexer. D 0 is LSB. 

li 

i=0 to 3 

Instruction Lines 

Four instruction lines. Select one-of-sixteen control instructions 
for the IDM2910A. 


CC 

Condition Code 

The outcome of a test is input through this line into the 
IDM2910A so that it may be used in conditional control 
instructions. A low on CC is interpreted as PASS test. 


CCEN 

Condition Code Enable 

Conditional control based on the CC input is enabled as long as 
CCEN is low. A high on CCEN overrides the CC input and the 
IDM2910A will operate as if CC were low. 


C n 

Carry In 

The carry input to the address register incrementer. 


RLD 

Register Load 

When LOW, will force a load of the register/counter on the next 
rising edge of the clock. Loading will be performed regardless of 
instruction or condition. 


OF 

Output Enable 

The TRI-STATE® control of Y| outputs. 


CP 

Clock Pulse 

All internal state changes are triggered by the rising edge of the 
clock. 


< 

O 

o 

+ 5 Volts 



GND 

Ground 


Yi, 

i = 0 to 11 

Address Outputs 

12 address output lines to be used by the microprogram memory 
in accessing the next microword. Y 0 is LSB. 

FULL 

Full Stack 

This output will go low one microcycle after the stack becomes 
full. 

PT 

Pipeline Address Enable 

May be used to enable the first of three sources (usually 
pipeline register) onto the branch address bus connected to the 
Dj inputs. 


MAP 

Map Address Enable 

May be used to enable the second of three sources (mapping 
ROM, PROM or RAM) onto the branch address bus connected to 
the D| inputs. 


VECT 

Vector Address Enable 

May be used to enable the third of three sources (usually 
interrupt starting addres?) onto the branch address bus 
connected to the Dj inputs. 
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Test Output Load Configurations for I DM291 OA 


A. Three-State Outputs 


Vcc 



B. Normal Outputs 


Vcc 



5.0-V be -Vq L 
I 0 L + V 0 l'R2 


Note 1: C E = 50 pF includes scope probe, wiring and stray capacitances without device in lest fixture. 

Note 2: SI, S2, S3 are closed during function tests and all AC tests except output enable tests. 

Note 3: SI and S3 are closed while S2 is open for tpzH test. 

SI and S2 are closed while S3 is open for tpzL test. 

Note 4: Cl = 5.0 pF for output disable tests. 


Test Output Loads for I DM2901 A 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

R1 

R2 

— 

Yo-ii 

A 

300 

Ik 

5 

VECT 

B 

470 

1.5k 

6 

PL 

B 

470 

1.5k 

7 

MAP 

B 

470 

1.5k 

16 

FULL 

B 

470 

1.5k 




• If there is no data-dependent microcode, CCEN can 
be tied high. 

• If data-dependent con trol In structions are never 
forced unconditionally, CCEN can be tied low. 

• If CCEN is tied to the source of the IDM2910A 
instruction bit l 0 , control instructions 4, 6, and 10 are 
left as data-dependent, and the others are made 
unconditional. 

Several of the IDM2910A inputs may be used to modify 
instruction execution. For 1 0 of the 16 instructions, the 
combi natio n of CC high and CCEN low is used as a test. 
When RLD is low, the direct inputs are loaded into the 
register/counter overriding any HOLD or DECREMENT 
(DEC) operation specified in the microinstruction. The 
OE input, normally low, may be driven high to place the 
Y outputs in the TRI-STATE® condition. 

The LIFO stack contains a 5-word, 12-bit file memory 
and a stack pointer which addresses the value presently 
at the top of the stack. Actual control over the stack 
pointer is possible when using microinstruction 0 
(JUMP ZERO or RESET). This microinstruction clears 
the stack by resetting the stack pointer to zero. The 
contents at the top of the stack will remain undefined 
following execution of microinstruction 0, or whenever 
the stack becomes empty. Any pops performed while 
the stack is empty will place an undefined address at 
the F inputs to the multiplexer and the stack pointer will 
remain at zero. 

If five more pushes than pops have occurred since the 
stack was last empt y, the stack will become full. O nce 
the stack is full, the FULL output will go low. FULL will 
go low on the first microcycle following the fifth push. If 
any additional push operations are performed on a full 
stack, the stack becomes overwritten and any previous 
information is lost. 


Table 2. IDM2910A Microinstruction Set 


Hex 
'3 - 'o 

Mnemonic | 

Name 

Reg/Cntr 

Contents 

FAIL 

CCEN = LOW 
and CC = HIGH 

PASS 

CCEN = HIGH 
or CC = LOW 

Reg / 
Cntr 

Enable 

Y 

Stack 

Y 

Stack 

0 

JZ 

JUMP ZERO 

X 

0 

CLEAR 

0 

CLEAR 

HOLD 

PL 

1 

CJS 

COND JSB PL 

X 

PC 

HOLD 

D 

PUSH 

HOLD 

PL 

2 

JMAP 

JUMP MAP 

X 

D 

HOLD 

D 

HOLD 

HOLD 

MAP 

3 

CJP 

COND JUMP PL 

X 

PC 

HOLD 

D 

HOLD 

HOLD 

PL 


PUSH 

PUSH COND LD CNTR 

X 

PC 

PUSH 

PC 

PUSH 

wrmxm 

PL 

wmm 

JSRP 

COND JSB R/PL 

X 

R 

PUSH 

D 

PUSH 

HOLD 

PL 

6 

CJV 

COND JUMP VECTOR 

X 

PC 

HOLD 

D 

HOLD 

HOLD 

VECT 

7 

JRP 

COND JUMP R/PL 

X 

R 

HOLD 

D 

HOLD 

HOLD 

PL 

8 ’ 

RFCT 

REPEAT LOOP, CNTR # 0 

* 0 

F 

HOLD 

F 

HOLD 

DEC 

PL 

= 0 

PC 

POP 

PC 

POP 

HOLD 

- PL 

9 

RPCT 

REPEAT PL, CNTR # 0 

* 0 

D 

HOLD 

D 

HOLD 

DEC 

PL 

= 0 

PC 

HOLD 

PC 

HOLD 

HOLD 

PL 

A 

CRTN 

COND RTN 

X 

PC 

HOLD 

F 

POP 

HOLD 

PL 

B 

CJPP 

COND JUMP PL & POP 

X 

PC 

HOLD 

D 

POP 

HOLD 

PL 

C 

LDCT 

LD CNTR & CONTINUE 

X 

PC 

HOLD 

PC 

HOLD 

LOAD 

PL 

D 

LOOP 

TEST END LOOP 

X 

F 

HOLD 

PC 

POP 

HOLD 

PL 

E 

CONT 

CONTINUE 

X 

PC 

HOLD 

PC 

HOLD 

HOLD 

PL 

F 

TWB 

THREE-WAY BRANCH 

# 0 

F 

HOLD 

PC 

POP 

DEC 

PL 

= 0 

D 

POP 

PC 

POP 

HOLD 

PL 


Note 1: If CCEN = LOW and CC = HIGH, hold; else load. X = Don’t Care. 


The IDM2910A Microinstruction Set 

The IDM2910A executes sixteen control instructions. 
These instructions perform specific functions in 
addition to the selection of the next microcode word to 
be executed. 

Four of the control instructions are unconditional — the 
function performed is specified only by the instruction 
itself. 

Ten of the control instructions are conditional branches 
— based upon the state of an external data-dependent 
test. Since test results may be forced by suitable 
circuitry, it follows that the ten control instructions may 
also be used as unconditionals. 

Three of the instructions allow conditional sequencing 
based upon the contents of the internal register/counter. 

The IDM2910A instruction control set is shown in 
Table 2. One of the conditional branch control 
instructions is dependent on the external data test and 
the contents of the internal register/counter. 

For the following discussion it is assumed that C n is 
tied high. ' 

For the ten conditional control instructions, the results 
of data dependent tests are applied to the condition 
code input, CC. If the input to CC is low, the test is 
considered passed and the action speci fied under 
“PASS” (Table 2) will be taken. If the input to CC is high, 
the test is considered failed and the alternate action is 
taken. In many cases, the alternate action is the 
selecti on of t he sequentially incremented address. By 
setting CCEN high for any specific microinstruction, CC 
testing will be disabled and a “PAS S" will be forced. 
Other suggestions for using CCEN to save one bit of 
microcode are: 
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I DM291 OA Architecture 

The IDM2910A Bipolar Microprogram Controller is 
intended for use in very high-speed microprocessor 
applications. Up to 4096 microwords may be addressed 
using the IDM2910A. 

A multiplexer within the IDM2910A selects one of four 
inputs as the source of the next microinstruction 
address. The four sources are: 

1. the microprogram address register (^<AR) 

2. the register/counter 

3. the direct input lines 

4. the LIFO stack 

1. The Microprogram Address Register contains a 
twelve-bit incrementer followed by a twelve-bit 
register. Two uses for the microprogram address 
register are: 

a. When carry-in (C n ) is high, the current micropro- 
gram address plus one (Yj-t-1) is loaded into the 
address register on the next positive clock 
transition. Therefore, microprogram words are 
accessed sequentially. 

b. When carry-in (C n ) is low, the current micropro- 
gram address is passed through the incrementer 
and loaded into the address register on the next 
position clock transition. Thus, the same micro- 
instruction may be repeated as often as is 
required. 

2. The register/counter contains twelve D-type edge- 
triggered flip-flops with a common clock enable. 
When the register load control (RLD) is low, 
addresses from the direct input bus are loaded into 
the register on the next positive-going clock. Some 
sequence control instructions include a load 
operation. For most microcomputer systems, these 
instructions will be sufficient, thereby simplifying 
the microcode. 

3. The Direct Input lines are a direct input source which 
may be used for microprogram branching. 

4. The LIFO stack is a 5-word by 12-bit stack used to 
provide return address linkage when executing 
microsubroutines or loops. The stack incorporates a 


5x12 file (RAM) and a stack pointer that always 
points to the last entry into the file. Stack reference 
operations (microprogram looping) may be executed 
without popping the stack. 

The stack pointer is an up/down counter that is incre- 
mented whenever a push operation is performed (micro- 
instructions 1, 4, and 5). Once the pointer is incremen- 
ted, the return address is written into the location 
indicated by the stack pointer on the positive-going 
clock following the push. 

The stack pointer is decremented whenever the pop 
operation is performed (microinstructions 8, 10, 11, 13, 
and 15). The stack pointer is decremented on the 
positive-going clock following a pop, effectively 
removing the return address from the top of the stack. 
Stack pointer linkage is such that any combination of 
pushes, pops, or stack references may be performed. 
For control instruction 0 (JUMP ZERO or RESET), the 
stack pointer is reset. For each push operation, the 
microsubroutine nesting depth is increased by one; for 
each pop operation, the depth decreases by one. The 
maximum ne sting depth is five. Once the stack 
becomes full, FULL goes low and the stack pointer can 
no longer be incremented. Further pushes will write over 
the preceding address at the top of the stack. A pop 
from an empty stack (stack pointer at zero) will place a 
meaningless address on the Y outputs, and the stack 
pointer will remain at zero. A stack pointer at zero 
remains unchanged by any number of additional pops. 

The register/counter operates as a twelve-bit down- 
counter during microinstructions 8, 9, and 15, with 
register contents zero as a branch condition. This 
branch condition provides efficient repetition of micro- 
instructions. The internal arrangement of the register/ 
counter is such that if a number N is loaded into it and 
the register is used as a loop termination counter, the 
sequence will be executed N + 1 times. A three-way 
branch condition is available (control instruction 15) 
under control of bo th t he register/counter and the 
condition code input (CC). 

The Y output lines are TRI-STATE? allowing the Y 
outputs to be disabled. When disabled (via (JE), the 
address lines can be externally driven, allowing auto- 
matic checkout of the microcomputer system. 



Figure 3a. Single-Level Pipeline Based Architecture 

A one-level pipeline provides for better speed than most other architectures. The IDM2910A array and the microprogram memory are 
in parallel speed paths, rather than in series. This architecture is recommended for IDM2910A designs. 
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Figure 3b. Typical Timing Waveform for Single-Level Pipeline Based Architecture 


MAP 



Figure 4. Instruction Based Architecture 

The microinstruction being executed is in the register at the microprogram memory output. The IDM2910A and the microprogram 
memory are in series. Any conditional branches are executed on the same cycle as the ALU operation generating the condition. 



Figure 5. Address Based Architecture 

The address of the microinstruction being executed is in the register at the IDM2910A output. The 1DM2910A and the microprogram 
memory are in the critical path. This architecture operates at approximately the same speed as the instruction based architecture, 
but requires fewer register bits because only the address (typically 10 to 12 bits) is stored instead of the instruction (typically 40 to 
60 bits). 
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Figure 6. Data Based Architecture 

the status register provides for conditional branch control based upon the results of the previous ALU cycle. The IDM2910A and the 
microprogram memory are in the critical path. . 



Figure 7. Two-Level Pipeline Architecture 

The two-level pipeline provides the maximum possible speed, but is more difficult to program because the selection of a 
microinstruction occurs two microinstructions ahead of its execution. 


I DM291 OA Operation 

The results of each instruction in determining the Y 
outputs, a nd the controlling of the three enable signals 
(PL, MAP, VECT) are given in Table 2. Also shown is the 
effect of the microinstructions on the register/counter 
and the stack after the next positive-going clock. The 
multiplexer determines which of the internal sources 
drive the Y output lines. Depending upon the condition 
of C n , the address loaded into the microprogram 
address register will be identical to the Y outputs, or will 
be one greater. For each micro instru ctio n, onl y one of 
the three enable outputs (PL, MAP, or VECT) is low. 
These three enable signals may be used to control the 
TRI-STATE® outputs of three external sources of micro- 
program address to allow them to drive the direct input 
bus (Dj) without additional logic. The external sources 
are: 

1. A source of microprogram jumps (usually part of a 
pipeline register). 

2. A PROM which maps machine language to a micro- 
instruction starting location (entry point). 


3. An optional third source of microinstructions (often a 
vector from a DMA or interrupt source). 

The function performed by three of the control instruc- 
tions depends upon the contents of the register/ 
counter. The counter is decremented if it contains a 
non-zero value. If the value in the counter is zero, it is 
held and a different microprogram next-address is 
selected. These types of instructions are useful for 
executing a microinstruction loop a known number of 
times. The three-way branch control instruction 
(num ber 15) is affected by both the external condition 
code CC and the contents of the register/counter. 

The following paragraphs describe each of the 
IDM2910A control instructions. Included with each of 
the descriptions is an execution flowchart showing 
typical microprogram flow. 

Each of the examples is intended to show a typical 
microprogram flow as various microprogram control 
instructions are executed. The typical circuit of Figure 3 
is assumed. 

The microprogram addresses in the illustrations were 
chosen arbitrarily and have no significance other than 
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to illustrate microprogram flow, the only exception 
being control instruction 0, JZ (JUMP ZERO or RESET), 
which always selects the next address to be zero. 

Execution flowcharts should be interpreted as follows: 

Each dot relates to one microcycle. While this micro- 
cycle is going on the IDM2910A control instruction will 
be supplied by the microprogram memory word 
presently in the pipeline register. 

A dot surrounded by a circle refers to the control 
instruction under discussion. Dashed lines refer to 
conditional actions. Solid lines refer to unconditional 
actions or to the outcome of =Test Failed = in condi- 
tional control instructions. 

Dashed arrows refer to conditional branches (address 
changes other than sequential flow), which will be 
selected if the test is passed (CC = LOW). Solid arrows 
refer to unconditional branches or to the outcome of 
=Test Failed= in conditional control instructions. 

Parentheses ( ) should be read “contents of," e.g., 
(D|) = contents of D,. 


Control Instruction 0 

JZ (Jump Zero or Reset) — This control instruction 
clears the stack pointer and specifies unconditionally 
that the next address is zero. This control instruction is 
useful for power-up sequences if the initialization 
routines start at microprogram memory location zero. 



Figure 8. JUMP ZERO (JZ) 


Control Instruction 1 


.STACK TOP 



Y| *t (STACK TOP- 53) 

Figure 9. COND JSB PL (CJS) 


Control Instruction 2 

JMAP (Jump-Map) — This is an unconditional jump 
control instruction. When JMAP is executed, the MAP 
output is enabled and the next microinstruction 
address is taken from the mapping PROMs. The JMAP 
control instruction Is normally used towards the end of 
an instruction-fetch sequence for the microcomputer. 
At that time the next instruction to be executed should 
be valid, allowing it to be mapped into the correspond- 
ing entry point. 

For the example shown, the microinstructions at 
addresses 50 through 53 would be the fetch sequence, 
with 53 being the sequence completion. The JMAP 
control instruction would be contained in the pipeline 
register with the mapping PROM generating an address 
90. Address 90 would be selected by the IDM2910A as 
the next address to be presented to microprogram 
memory. 

500 

51 O 

52 f 

90= (Dj)««h-(MAP) 

91 



CJS (Conditional Jump-to-Subroutine) — This control 
instruction executes a conditional jump to a subroutine 
located at the address found in the pipeline register. 
Referring to Figure 9, the unconditional microprogram 
flow is from address 50 through address 52. When the 
contents of address 52 are in the pipeline register, the 
next address control instruction is CJS. If the 
conditional test is passed, address 53 will be pushed 
onto the stack and the next instruction executed will be 
at address 90. The address pushed onto the stack 
provides a return link once the microsubroutine starting 
at address 90 is completed. For example, a Return-from 
Subroutine (CRTN, control instruction 10) was executed 
at address 93. If the conditional test fails, the Jump-to- 
Subroutine will not be executed and the contents at 
address 53 will be executed, in this manner, the CJS 
control instruction at address 52 will cause the 
microprogram word at either address 90 or address 53 
to be executed. 


Figure 10. JUMP MAP (JMAP) 


Control Instruction 3 

CJP (Conditional Jump Pipeline) — This control instruc- 
tion derives its branch address from the pipeline 
register branch address field (BR 0 through BR^). See 
the typical microcomputer system, Figure 11. A 
technique is thus provided for branching to various 
microprogram sequences dep ending upon the state of 
the condition code inputs (CCEN and CC). State- 
machines may be designed to execute tests on various 
inputs and to wait for the condition to go true. When the 
condition does go true, the system branches and 
performs a specific function. When the branch occurs, 
the particular input is usually reset until some point in 
the future. With CCEN high, this control instruction is 
the one to use for unconditional jumps. 
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The example illustrates a conditional jump via the 
address value defined by the microprogram word 
located at address 52. When the contents of address 52 
are in the pipeline register, the next address passed 
through the IDM2910A will bfe either address 53 or 
address 30, depending upon the state of the condition 
code input. If the test passes, the address value In the 
pipeline register (address 30) will be selected by the 
IDM2910A. If the test fails, the next sequential address 
(address 53) contained in the micro address register 
(yAR) will be selected. 

SO # 

5i ! 


52(§L 
53 0 

540 



Figure 11. COND JUMP PL (CJP) 


As shown in Figure 13, a push operation is always 
performed and one of two microsubroutines is 
executed. For this example, either the microsubroutine 
at address 80 or the microsubroutine at location 90 will 
be executed. A Return-from-Subroutine (CRTN, control 
instruction 10) at the end of the microsubroutine will 
pop the return address (location 55) from the stack. In 
order for this microinstruction control sequence to 
operate correctly, the next address fields of both micro- 
instructions 53 and 54 must contain the proper address 
value. As an example, the next address field of micro- 
instruction 53 must contain address value 90 and micro- 
instruction 54 must contain address value 80. Micro- 
instruction 53 must be loaded into the register/counter 
while microinstruction 54 is in the pipeline register. If a 
JSRP is executed at address 54 and the condition code 
test fails, the contents of the register/counter will be 
passed through the IDM2910A as the address (address 
90) of the next microinstruction. If the condition code 
test passes, the address value in the pipeline register 
will be passed through the IDM2910A as the address 
(address 80) of the rfext microinstruction. Therefore, this 
control instruction (JSRP) has the capability of 
selecting one of two microsubroutines, based upon the 
results of a condition code test. 


Control Instruction 4 

PUSH (Unconditional Push/Conditional Load Counter) 

— This control instruction is primarily used to set up 
microprogram loops in the microprogram. As shown in 
Figure 12, when microcode word 52 is in the pipeline 
register, a push operation is performed on the stack and 
depending upon the condition code inputs, the register/ 
counter is loaded. A push operation causes the next 
sequential address (address 53) to be pushed onto the 
stack. If the condition code test fails, the register/ 
counter is not loaded. If the condition code test passes, 
the register/counter is loaded with the address value in 
the pipeline register branch address field. In this 
manner, a single control instruction can set up a micro- 
program loop to be executed a specific number of 
times. While setup is being performed the IDM2910A 
will unconditionally select the next sequential address 
contained in the micro address register to be presented 
to the memory. Control instruction 8 (RFCT) describes 
the use of the pushed value and the register/counter 
contents for looping. 



Control Instruction 5 

JSRP (Conditional Jump-to-Subroutine) — This control 
instruction is a conditional jump to a subroutine via 
either the contents of the register/counter or the pipe- 
line register. 



Figure 13. COND JSB R/PL (JSRP) 


Control Instruction 6 

CJV (Conditional Jump Vector) — This is a conditional 
jump control instruction. When CJV is executed, the 
VECT output is enabled and the next microinstr uction 
address is taken from an address generator. The VECT 
line must control the TRI-STATE® enable line of a 
register, a buffer, or a PROM, containing the next micro- 
program address. This instruction provides one 
technique for performing interrupt type branching at the 
microprogram level. Since CJV is a conditional control 
instruction, passing the condition code inputs will allow 
the vector source address to pass through the 
IDM2910A. If the condition code test fails the next 
sequential address will be taken from the address 
register. 
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As shown in Figure 14, if CJV is at location 52, and the 
condition code test passes, microprogram execution 
will jump to vector address 20 and continue. If the 
condition code test fails, microprogram execution will 
continue at address 53. 

SOO 

51 O 

52 (^^ 

53 0 

54 0 

Figure 14 
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. COND JUMP VECTOR (CJV) 


Control Instruction 7 

JRP (Conditional Jump) — This control instruction is a 
conditional jump to another routine via the contents of 
either the register/counter or the pipeline register. JRP 
is similar to JSRP (control instruction 5), except that no 
push onto the stack is performed for JRP. 

The example shown in Figure 15 shows JRP as a branch 
to one of two addresses, depending upon the results of 
the condition code test. Assume the pipeline register 
contains an address value of 70 when the contents of 
address 52 are being executed. As the contents of 
address 53 are clocked into the pipeline register, the 
address value of 70 is loaded into the register/counter. If 
the address value of 80 is available when the contents 
of address 53 are in the pipeline register, either address 
70 or address 80 will be passed through the IDM2910A, 
depending upon the results of the condition code test. 

50 O 

51 O 

520 
53 ^ 

( R) = 70®' 

. 71 T 

Figure 15. COND JUMP R/PL (JRP) 
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Control Instruction 8 

RFCT (Repeat Loop, Counter Not Equal to Zero) — This 
control instruction uses the decrementing ability of the 
register/counter to loop on one or more microinstruc- 
tions. A preceding instruction, such as PUSH, must 
have loaded a count value into the register/counter 
while pushing the next address onto the stack. RFCT 
tests the register/counter for a non-zero value. If the 
counter is non-zero, the register/counter is decremented 
by one and the address of the next instruction is taken 
from the top of the stack. This sequence will repeat until 
the register/counter equals zero (the exit condition has 


been met), causing the next sequential address to be 
selected (Yj = p<AR). The stack is popped since looping 
back is not required anymore, 

As shown in Figure 16, a PUSH control instruction 
would most likely be at addressSO. The PUSH will cause 
address 51 to be pushed onto the stack and will load the 
register/counter with the count value contained in the 
pipeline register branch address field. 

For this example, the loop test is made at the end of the 
loop routine (address 54), so the value loaded into the 
register/counter must be one less than the desired 
number of passes through the loop. Using the method in 
the example, a loop may be executed from 1 to 4096 
times. 

The ability to perform single-microinstruction loops is 
an efficient way to execute the same microinstruction a 
specified number of times. Examples are fixed rotates, 
byte swap, fixed point multiply, and fixed point divide. 



Figure 16. REPEAT LOOP, CNTR * 0 (RFCT) 


Control instruction 9 

RPCT (Repeat Pipeline Register, Counter Not Equal to 
Zero) — This control instruction uses the decrementing 
ability of the register/counter to loop on one or more 
microinstructions. RPCT • is similar to control 
instruction RFCT (control instruction 8) except the 
branch address is taken from the pipeline register 
whereas RFCT takes it from the file. As long as the 
register/counter is not zero, RPCT will decrement the 
value in the register/counter and branch to the address 
taken from the pipeline register through the Dj inputs. 
Once the register/counter equals zero, the next address 
will be selected (Y, = pAR). For some cases, this control 
instruction can be considered to be a one-word 
extension of the stack. By using RPCT, a microprogram 
loop using the register/counter can be executed, even 
though the stack may be completely full. A preceding 
control instruction must have loaded a count value into 
the register/counter. RPCT does not perform a pop 
operation because the stack is not being used. 

As shown in Figure 17, microinstruction 51 could be 
Load Counter and Continue (LDCT, control instruction 
12). RPCT is the control instruction at 52 and is shown 
as a single microinstruction loop. The address in the 
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pipeline register would be 52. Although a single micro- 
instruction loop is shown, by changing the address in 
the pipeline register, multi-instruction loops may be 
performed for a fixed number of times. 



Control Instruction 10 

CRTN (Conditional Return-from-Subroutine) — This 
control instruction is used to return from a microsub- 
routine to the control instruction immediately following 
the microsubroutine call. CRTN is a conditional return, 
with the return occurring only if the condition code test 
passes. If the condition code test fails, the next 
sequential microinstruction will be executed. 

As shown in Figure 18, the use of CRTN is illustrated for 
both the conditional and the unconditional modes. A 
Jump-to-Subroutine control instruction is executed at 
address 52, pushing return address 53 onto the stack 
and transferring control to address 90. A CRTN is 
executed at address 93. If the condition code test 
passes, the microprogram returns to address 53 and the 
stack is popped. If the condition code test fails, 
execution continues through to address 97, where the 
microsubroutine is considered complete. CRTN must 
now be executed unconditionally. The mic roinstru ction 
at address 97 is programmed to force CCEN high, 
disabling the condition code test, with the forced pass 
causing an unconditional return. 

STACK TOP-* 53 



Figure 18. COND RETURN (CRTN) 


Control Instruction 11 

CJPP (Conditional Jump Pipeline Register Address and 
Pop Stack — This control instruction provides another 
method of loop termination and stack maintenance. 
CJPP is a conditional jump, with the jump occurring 
only if the condition code test passes. A stack pop will 
also occur since this jump terminates the loop (whose 
branch address is located in the stack top). 


As shown in Figure 19, a return address is pushed onto 
the stack and is followed by a short loop. The micro- 
instructions at addresses 52, 53, and 54 are all CJPP 
control instructions. At address 52, if the condition 
code test passes, a branch to address 70 and a stack 
pop will occur. If the condition code test falls, the next 
sequential address (address 53) will be selected. The 
same conditions exist for the microinstructions at 
addresses 53 and 54, with 53 pointing to either address 
90 or address 54, and 54 pointing to either address 80 or 
address 55. Used in this sort of loop, the CJPP control 
instruction is very useful when several inputs require 
testing before proceeding to other instructions. This 
provides the powerful jump-table programming 
technique at the microprogram level. 



Control Instruction 12 

LDCT (Load Counter and Continue) — This control 
instruction enables the register/counter to be loaded 
with the value present on the direct input lines. The 
direct input lines are normally connected to the pipeline 
register branch address field. For the architecture 
discussed here, the microinstruction under execution 
will supply either a branch address or a count value to 
the register/counter. 

There are three methods for loading the register/counter: 

1. The conditional load using the PUSH control instruc- 
tion (number 4). 

2. The use of the RLD input in conjunction with any of 
the control instructions. 

3. The explicit load using LDCT. 

When using RLD in conjunction with any other control 
instruction, any counting or decrementing called for is 
overr idde n and a load into the register/counter occurs. 
The RLD input provides additional microinstruction 
power at the expense of one bit of microi nstru ction 
width. LDCT is the exact equivalent of using RLD with 
control microinstruction 14 (CONT). LDCT provides the 
ability to lo ad the register/counter for those systems in 
which RLD is not under microprogram control. 


r JNTER«*-lD.P*— IPLI 
Figure 20. LD CNTR & CONTINUE (LDCT) 
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Control Instruction 13 

LOOP (Test-End-of-Loop) — This control instruction 
provides a way of conditionally exiting a loop from the 
bottom. Prior to entering the loop, a branch address 
must be pushed onto the stack. LOOP will continue to 
branch back to the address contained on the top of the 
stack as long as the condition code test falls. When the 
condition code test passes, the next sequential address 
is selected (Y, =pAR) and the stack is popped. 

As shown in Figure 21, the branch address is pushed 
onto the stack and then the microprogram enters the 
loop. LOOP is located at address 56. If the condition 
code test fails, the branch address 52 will be taken from 
the stack and the program loops to address 52. If the 
condition code test passes, the loop will terminate and 
the microinstruction at the next sequential address 
(taken from the address register) will be executed. 
Address 52 is popped from the stack once the condition 
code test passes, thereby performing the required stack 
maintanance. 



Figure 21. TEST END LOOP (LOOP) 


Control Instruction 14 

CONT (Continue) — This control instruction increments 
the address register so the next sequential micro- 
instruction can be executed. CONT should be the 
default control instruction requested by the firmware 
when no other control instruction needs performing. 


A preceding control instruction, such as a PUSH, must 
have loaded a count value into the 'register/counter 
while pushing the loop branch address onto the stack. 
As long as the condition code test falls, and the 
register/counter is not zero, the branch will be to the 
address on the top of the stack and the register/counter 
will be decremented. If the register/counter reaches 
zero, the next branch address is taken from the pipeline 
register (via the direct input lines). If at any time during 
the execution of TWB the condition code passes, no 
branch will occur and the next sequential address will 
be selected (Y| = pAR). Once the loop is exited, for either 
reason, the stack is popped. 

The three-way branch can enhance system performance 
in a number of ways. Some examples are: 

1. Performing a memory search that is terminated 
either by finding the desired value or by reaching the 
search limit. 

2. Terminating a variable-field-length arithmetic opera- 
tion upon finding that the contents of the unproces- 
sed portion of the field are all zeros. 

3. Performing a key search in a disc controller that is 
processing variable-length records. 

4. Normalizing a floating-point number. 

An example of a memory search operation is shown in 
Figure 23. A PUSH is executed at address 63 to push the 
return address 64 onto the stack, and to load a count 
value into the register/counter. The count value must be 
one less than the number of memory locations to be 
searched prior to exiting the loop. Address 64 contains 
a microinstruction that fetches a value from the next 
memory area to be searched, and compares it with the 
search key. A test for the results of the search com- 
parison is at address 65. Address 65 also contains TWB 
for microprogram control. If matching does not occur, 
the condition code test fails and the microprogram 
loops back to address 64 to obtain the next search 
address. Once the register/counter equals zero, the 
microprogram will branch using the branch address 
(address 72) taken from the pipeline register. If a match 
is found during the search, the condition code test will 
pass during the TWB control instruction and the next 
sequential address will be taken from the address 
register. Regardless of which method of exiting the loop 
is used, the stack will be popped and the loop branch 
address removed from the top of the stack. 


50 O 

51 < > 
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Figure 22. CONTINUE (CONT) 


Control Instruction 15 

TWB (Three-Way Branch) — This control instruction is 
the most complex of the 16 IDM2910A control instruc- 
tions. TWB is a conditional control instruction that can 
test either the condition code input or the register/ 
counter contents to determine the next branch address. 
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Figure 23. THREE-WAY BRANCH (TWB) 
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Ordering Information 


Package 

Package 

Temperature 

Order 

Type 

Number 

Range 

Number 

Molded DIP 

IM40A 

0°C to +70°C 

IDM2910ANC 

Hermetic DIP 

D40C 

0°C to +70° C 

IDM2910AJC 

Hermetic DIP 

D40C 

-55°C to +1 25° C 

1 DM291 OAJM 

Hermetic DIP 

D40C 

-55°C to +125°C 

1 DM291 0AJM/883 
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£K] National 
A XA Semiconductor 


2900 Family/ 
Bipolar Microprocessor 


IDM29803 16-Way Branch Controller 


General Description 


When used in conjunction with the IDM2909A address 
controller, the I DM29803 provides 16-way branch 
control. Four different inputs can be tested simul- 
taneously by the 16 instructions of the IDM29803; thus, 
the four OR inputs of the IDM2909A can be driven by 
the fpur outputs of the I DM29803 and a branch can be 
made to any one of the 16 addresses. 

If one test (T) input is being tested, the device will 
select one of two possible addresses; if two inputs are 
being tested, the device will select one of four possible 
addresses and, if three inputs are being tested, one of 
eight addresses will be selected. If all four inputs are 
tested, one of sixteen addresses is selected as the field 
used to drive the OR inputs of the IDM2909A. The 
"zero" instruction serves as a test inhibit function. 


Features and Benefits 

■ 16 separate instructions — 2-, 4-, 8-, or 16-way branch 
in one microprogram execution cycle 


Four discrete test inputs 


Four discrete outputs for driving the four OR inputs 
of the IDM2909A address controller 


Provides a maximum branching capability in a micro- 
program control unit using the IDM2909A 

Uses low-power Schottky technology 

Meets all requirements of MIL-STD-883 
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Absolute Maximum Ratings (Note 1) 


Operating Range 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for 
High Output State 
DC Input Voltage 
DC Output Current, into Outputs 
DC Input Current 


-65 C to + 125 C 
-55°C to +125°C 
-0.5V to +7.0 V 

-0.5V to +Vcc max 
-0.5V to +5.5 V 
30 mA 

-30 mA to +5.0 mA 


Ambient 

P/N Temperature Vcc 

Com'l 

I DM29803 DC, NC 0°C to +70°C 4.75 V to 5.25V 

Mil 

I DM29803 DM, DM/883 -55°C to +1 25° C 4.50 V to 5.50V 


DC Electrical Characteristics (Note 2 ) 



Input Load Current. All Inputs 


Input Leakage Current, All Inputs 


Input Leakage Current, All Inputs 


Vql Low Level Output Voltage 


Low Level Input Voltage 


V|h High Level Input Voltage 



Vcc = Max, Vp = 0.45V 


Vcc = Max, Vr = 2.7V 


Vcc = Max, Vrb = 5.5V 


VcC = Min, Iql = 16 mA 


80 -250 


25 


1.0 


0.35 0.45 


-80 -250 


25 


1.0 


0.35 0.5 


'CEX 

Output Leakage Current 

Vcc = Max, Vcex •" 2.4V 



| 50 

1 


50 

UA 


(Open-Collector Only) 

Vcc " Max, Vcex " 6.5V 






100 

ma 

VC 

Input Clamp Voltage 

VCC = Min, l|N = -18 mA 


-0.8 

-T2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

V C C = 5V. V| N = 2V, T A = 25 C, 
1 MHz 


4.0 



4.0 


pF 

CO 

Output Capacitance 

Vcc "5V, Vo = 2V. Ta = 25 C, 
1 MHz, Output "OFF" 


6.0 



H 

■ 

PF 

Icc 

Power Supply Current 

Vcc = Max. All Inputs Grounded, 
All Outputs Open 


80 

130 


80 

130 

mA 


TRI STATE PARAMETERS 


'SC 

Output Short Circuit Current 

Vo " 0V. Vcc “ Max, (Note 3) 

-30 

-60 

-100 

-30 

-60 

-100 

mA 

'HZ 

Output Leakage (TRI-STATE) 

VcC = Max, Vg = 0.45 to 2.4V, 
Chip Disabled 



±50 

■ 

■ 

±50 

PA 


Vqh Output Voltage High 


Iqh = "2 mA 


Iqh = "6,5 mA 


AC Electrical Characteristics (with 


standard load) 


PARAMETER 

CONDITIONS 

tAA 

Address Access Time 

/ Figure 1) 

«EA 

Enable Access Time 

( Figure 2) 

l£R 

Enable Recovery Time 

(Figure 2) 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vqc = 5V and T A = 25° C. 

Note 3: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 
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Switching Characteristics Over Operating Range 



Com'l 

Mil 


Symbol 

Description 

Test Conditions 

Min Max 

Min Max 

Units 

tPLH 


C|_= 15pF 
R|_= 2.0 kf2 

50 

60 

ns 

tpHL 

tPLH 

m 

50 

60 

ns 

tPHL 

tZH 


/'• 

25 

30 

ns 

tZL 

tHZ 

m 

25 

30 

ns 

tLZ 


Definition of Functional Terms 


>0. It- <2- 13 
To,Ti,T 2, T3 
ORq, ORi, OR 2, OR3 
OE 1( OE2 


The four instruction inputs to the device 
The four test inputs for the device 

The four outputs of the device that are connected to the four OR inputs of the IDM2909A 

Output Enable. When either OEJnput is High, the ORj outputs are in the high impedance 
state. When both the OE} and OE2 inputs are Low, the OR outputs are enabled and the 
selected data will be present. 


Standard Test Load 


MEMORY 

OUTPUT. 

UNDER 

TEST 


; R L =300 


1 

I 


Cl- 30pF* 


"Cl includes piobe and jig capacitance 


Input waveforms are supplied by a pulse generator 
having the following characteristics: PRR = 1 MHz, 
ZquT = 50 n, t r < 2.5 ns and tf < 2.5ns (between 
1.0V and 2.0V). 

tAA ' s measured with both enable inputs at a steady 
low level. 

tEA and tER are measured from the 1.5V on inputs 
and outputs with all address inputs at a steady level 
and with the unused enable input at a steady low 
level. 


Switching Time Waveforms 


3V ■■■■ V 
ADDRESS \ 

INPUT / 

( ,sv ) 


ENABLE \ 

INPUT ] 

V s " i 

^1.5V 







OUTPUT 

h 

/l.5V 


^|.5V OUTPUT 

\ 

kl sv 

i 

!•*— *AA — ►! 

! 

•*— *AA — *■ 


■* — tEA — *■ 

I - * - *ER — ►) 


jF 


Figure 1. Address Access Time 


Figure 2. Enable Access Time and Recovery Time 


23 


23-53 


I DM29803 






















Guaranteed Loading Rules Over Operating Range (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20 n A measured at 
2.7 V High and -0.36 mA measured at 0.4 V Low. 


Pin 

Input/ 

Input 

Output 

Output 

Nos. 

Output 

Load 

High 

Low 

1 

'2 

0.5 

- 

- 

2 

h 

0.5 

- 

- 

3 

•o 

0.5 

- 

- 

4 

T 3 

0.5 

- 

- 

5 

TO 

0.5 

- 

- 

6 

Tl- 

0.5 

- 

- 

7 

T2 

0.5 

- 

- 

8 

GND 

- 

- 


9 

or 3 

- 

100 

44 

10 

OR2 

- 

100 

44 

11 

OR! 

- 

100 

44 

12 

OR 0 

- 

100 

44 

13 

OEi 

0.5 


- 

14 

OE2 

0.5 

- 


15 

13 

0.5 

- 

- 

16 

Vcc 

- 


- 


Applications Example 



Note: The least significant microprogram sequencer is an I DM2909 A and the more significant sequencers are I DM291 1 A's. 


A Typical Computer Control Unit Using the IDM2909A, IDM2911A, IDM29803 and IDM29811. 












Function Table 


To I OR3 OR2 ORi ORq 



Test T2 & T 3 H H 


Test T 0 , T 2 , & T 3 I H H 



Test Ti, T 2 , & T 3 H H H 


Test Tq, Tt, T 2 , & T 3 | H H H H 


L 

H 

X 


L 

H 

X 

H 

H 

L 

X 


H 

L 

X H 

H 

H 


H 

H 

X H 


L 

L 

H 

X 

L 

H 

L 

X 

L 

H 

H 

X 

H 

L 

L 

X 

H 

L 

H 

X 

H 

H 

L 

X 

■SI 

BIB 

m 

M3/M 
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I DM29803 


Ordering Information 


Molded DIP 
Hermetic DIP 
Hermetic DIP 
Hermetic DIP 


Package 

Number 

N16A 

J16A (D16C) 
J16A (D16C) 
J16A (D16C) 


Temperature 

Range 

0 C to +70 C 
0 C to +70 C 
-55° C to +125°C 
-55°C to +70°C 


Order 

Number 

IDM29803NC 

IDM29803JC 

IDM29803JM 

IDM29803JM/883 
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2 


National 

Semiconductor 


2900 Family/ 
Bipolar Microprocessor 


IDM29811 Next-Address Controller 


General Description 

The IDM29811 next-address control unit is specifically 
designed for next address control of the I DM2911 A 
sequencer. The device can be used in high-performance 
computer control systems, structured state machine 
designs, or in other applications that utilize micropro- 
gramming techniques. 

A 4-bit instruction field (I 3 -I 0 ) provides sixteen instruc- 
tions; also, a test input is available for conditional 
instructions. Among the conditional instructions that 
can be executed are: conditional jumps, conditional 
jump to subroutine, conditional return from subroutine, 
conditional repeat loops, conditional branch to starting 
address, and so on. 

A single IDM29811 can be used to control any number 
of IDM2911A sequencers. Using one IDM29811 and 


three lDM2911As, a sequencer capable of controlling 
4k of microprogram memory can be easily implemented. 


Features and Benefits 

■ 16 next-address instructions 

■ Test input for conditional instructions 

• Separate outputs to control the IDM2911A, an inde- 
pendent event counter, and a mapping PROM/branch 
address interface 

■ Uses low-power Schottky technology 

■ Meets all requirements of MIL-STD-883 
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Absolute Maximum Ratings (Note u 

Storage Temperature -65°C to +1 50°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential -0.5V to +6.3 V 

DC Voltage Applied to Outputs for 

High Output State -0.5 V to +Vcc max 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, into Outputs 30 mA 

DC Input Current -30 mA to +5.0 mA 


Operating Range 

Ambient 

P/N Temperature Vcc 

Com 'I 

IDM29811 JC,NC 0°C to +70°C 4.75V to 5.25V 

Mil 

!DM29811JW|,JM/883 -55°C to +125°C 4.50V to 5.50V 


DC Electrical Characteristics (Note 2 ) 

PARAMETER 

CONDITIONS 

Com'l 

Mil 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

um 

Input Load Current, All Inputs 

Vcc = Max, V|(\| = 0.45V 


-80 

-250 


-80 

-250 

pA 

l|H 

Input Leakage Current, All Inputs 

Vcc = Max, V|N - 2.7V 



25 



25 

pA 

l| 

Input Leakage Current, All Inputs 

Vcc = Max, V|N = 5.5V 



1.0 



1.0 

mA 

VOL 

Low Level Output Voltage 

Vcc = Min, Iql = 1C mA 


0.35 

0.5 


0.35 

0.5 

V 

V|L 

Low Level Input Voltage 




0.80 



0.80 

V 

V|H 

High Level Input Voltage 


2.0 



2.0 



V 

VC 

Input Clamp Voltage 

Vcc = Min, l|N * -18 mA 


-0.8 

-1.2 


-0.8 

-1.2 

V 

C|N 

Input Capacitance 

VCC = 5V, V| N = 2V. T A = 25 ’C, 
1 MHz 

■ 

4.0 

■ 

■ 

4.0 


pF 

CO 

Output Capacitance 

VcC = 5V, Vo = 2V, T A = 25X, 
1 MHz, Output "OFF" 

■ 

6.0 

■ 

■ 

6.0 


pF 

Icc 

Power Supply Current 

Vcc = Max, All Inputs Grounded, 
All Outputs Open 

■ 

70 

110 


70 

110 

mA 

TRI-STATE PARAMETERS 

•sc 

Output Short Circuit Current 

Vo = 0V, Vcc = Max, (Note 3) 

-20 

-45 

-70 

-20 

-45 

-70 

mA 

1 H Z 

Output Leakage (TRI-STATE) 

Vcc " Max, Vq = 0.45 to 2.4V, 
Chip Disabled 



±50 



H 

pA 

VOH 

Output Voltage High, 

lOH = -2 mA 




Kza 



V 

Iqh = “6.5 mA 

2.4 



rn 



V 



Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device 
may be operated at these values. 

Note 2: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vcc = 5V and T A = 25°C. 

Note 3: During Igc measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 








































































































Com'l 

Mil 


Symbol 

Description 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Units 

tPLH 

lj to Any Output 

Cl = 15 pF 
R L = 2.0 kO 


30 


40 

ns 

fPHL 

tPLH 

Test to Any Output 


30 


40 

ns 

tPHL 

tZH 

OE to Any Output 


20 


30 

ns 

tZL 

tHZ 

OE to Any Output 


20 


30 

ns 

tLZ 


Switching Characteristics 
Over Operating Temperature 


Pinout Descriptions 


13/12/ 1 i/'o 

Test 


Counter Load 
Counter Enable 
Map Enable 

Pipeline Enable 

FE File Enable 
PUP 


Four instruction inputs 

Condition-code input. When test 
input is low, the device assumes test 
has failed; when input is high, the 
test is assumed to have passed. 

In either case, a branch is made to 
one of the conditional-code instruc- 
tions; refer to the tables which 
follow. 

An output used to drive the parallel 
load input of an up/down counter. 

An output used to drive the enable 
input of an up/down counter. 

An output that controls the three- 
state outputs of the mapping 
PROM or PLA used to provide the 
initial starting address for each 
machine instruction. 

An output used to control the 
three-state output of the pipeline 
register which contains the branch 
address of the computer control 
unit. 

An output used to drive the file 
enable input of the IDM291 1 A. 
When this output is low, a stack 
operation will take place. 

An output used to drive the push/ 
pop input of the IDM291 1 A 
address controller. When the PUP 
output is high, a push will take 
place if the file is enabled. When 
the PUP output is low, a pop will 
take place if the file is enabled. 


Sq/Si 


These outputs are used to drive the 
So/Si inputs of the IDM291 1 A 
address controller. These outputs 
control whether the direct input, 
the register, the microprogram 
counter, or the stack is selected as 
the source of the next address for 
the microprogram memory. 
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Instruction Table 


Mnemonic 

13 

'2 

*1 

io 

Instruction 

JZ 

L 

L 

L 

L 

Jump to Address Zero 

CJS 

L 

L 

L 

H 

Conditional Jump-to-Subroutine with Jump Address in Pipeline Register 

JMAP 

L 

L 

H 

L 

Jump to Address at Mapping PROM Output 

CJP 

L 

L 

H 

H 

Conditional Jump to Address in Pipeline Register 

PUSH 

L 

H 

L 

L 

Push Stack and Conditionally Load Counter 

JSRP 

L 

H 

L 

H 

Jump-to-Subroutine with Starting Address Conditionally Selected from 
IDM291 1 A Register or Pipeline Register 

CJV 

L 

H 

H 

L 

Conditional Jump to Vector Address 

JRP 

L 

H 

H 

H 

Jump to Address Conditionally Selected from IDM291 1 A R-Register or 
Pipeline Register 

RFCT 

H 

L 

L 

L 

Repeat Loop if Counter is Not Equal to Zero 

RPCT 

H 

L 

L 

H 

Repeat Pipeline Address if Counter is Not Equal to Zero 

CRTN 

H 

L 

H 

L 

Conditional Return-from-Subroutine 

CJPP 

H 

L 

H 

H 

Conditional Jump to Pipeline Address and Pop Stack 

LDCT 

H 

H 

L 

L 

Load Counter and Continue 

LOOP 

H 

H 

L 

H 

Test End of Loop 

CONT 

H 

H 

H 

L 

Continue to Next Address 

JP 

H 

H 

H 

H 

Jump to Pipeline Register Address 


Function Table 


Instruction 

Mnemonic I3 I2 M Iq 


Test Next ADDR 
input Source 



L L L H 


JMAP | L L H L 


L L H H 


PUSH L H L L 


L H L H 


L H H L 


L H H H 


RFCT H L L L 


RPCT H L L H 


CRTN H L H L 


CJPP H L H H 


LDCT H H L L 


LOOP H H L H 


CONT I H H H L 


H H H H 


L = Low DEC = Decrement 

H = High *LL = Special Case 

X = Don't Care 




COND JUMP R/PL 


REPEAT LOOP, CNTR * 0 


REPEAT PL, CNTR =5^0 


COND RTN 


COND JUMP PL & POP 


LOAD CNTR & CONTINUE 


TEST END LOOP 


CONTINUE 


JUMP PL 


File 

Counter 

HOLD 

LL* 

HOLD 

PUSH 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

PUSH 

PUSH 

HOLD 

LOAD 

PUSH 

PUSH 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

POP 

DEC 

HOLD 

HOLD 

HOLD 

DEC 

HOLD. 

HOLD 

POP 

HOLD 

HOLD 

HOLD 

POP 

HOLD 

HOLD 

HOLD 

LOAD 

HOLD 

POP 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 
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Pin No, 

Mnemonic 

Function 

JZ 

JUMP ZERO 

CJS 

COND JSBPL 

JMAP 

JUMP MAP 

CJP 

COND JUMP PL 

PUSH 

PUSH/COND LD CNTR 

JSRP 

COND JSB R/PL 

CJV 

COND JUMP VECTOR 

JRP 

COND JUMP R/PL 

RFCT 

REPEAT LOOP, CTR + 0 

RPCT 

REPEAT PL, CTR=A0 

CRTN 

COND RTN 

CJPP 

COND JUMP PL & POP 

LDCT 

LD CNTR & CONTINUE 

LOOP 

TEST END LOOP 

CONT 

CONTINUE 

JP 

JUMP PL 


Inputs 



L = Low, H = High 

Guaranteed Loading Characteristics Over Operating Range (in unit loads) 
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DM10900 



National 

Semiconductor 


DM10900 8-Bit Parity ALU Slice 


2900 Family/ 
Bipolar Microprocessor 

PRELIMINARY 


General Description 

The DM10900 8-Bit Microprocessor slice is a cascad- 
able device designed for use in high performance cen- 
tral processing units, microprogrammable controllers, 
and other applications where hardware/software flex- 
ibility, ease of expansion, and ECL 10k compatibility are 
system requirements. The building block architecture 
and microinstruction format of the DM10900 permits 
efficient emulation of most digital systems. 

As shown in the block diagram below, the DM10900 
consists of a parallel 8-bit adder accessed by two latch- 
ed input ports. In addition, various logic operations can 
also be performed on the input data. Shifting circuits 
and parity detect circuits implemented with ECL, oxide- 
isolated technology, allow the device to function as a 
very powerful, high performance ALU. 


Features 

■ Manufactured from high performance, oxide- 
isolated ECL macrocell array. 

■ Performs all necessary logic and arithmetic 
operations. 

■ Dual port architecture— two 8-bit, latched Input 
ports; one 8-bit, latched output port. 

■ Internal look-ahead carry with propagate/generate 
outputs. 

■ Internal parity detect circuit with parity error 
output. 

■ Expandable in 4- or 8-bit Increments to form larger 
word sizes. 


Block Diagram 


DM10900 


C060 

CD61 

CD62 


Cin 

Cqut 

PG 

GG 


TErr 

HSC 


0PA 

0PB 


MSB-LSB MSB-LSB 
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Test Temperature 


Symbol 

o°c 

+25°C 

+70°C 

V|H max 

-0.840 

-0.810 

-0.730 

V|HA min 

-1.145 

-1.105 

-1.050 

V|L min 

-1.95 

-1.95 

-1.95 

Vila max 

-1.490 

-1.475 

-1.450 

Vee 

-5.2 

-5.2 

-5.2 


(A) indicates the most positive value. 


Recommended Operating Conditions 

V EE Supply Voltage -4.68VDcto-5.72V D c 

(V cc = 0V) 

Ta Operating Temperature 0to+70°C 

(Functional) 

Output Drive 50Qto-2.0V DC 

Tj Junction Temperature 130°CMax. 


Electrical Characteristics 

Each ECL 10,000 series circuit has been designed to meet the DC specifications shown in the test table, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a printed circuit board and transverse air 
flow greater than 1000 linear fpm is maintained. Outputs are terminated through a 50Q resistor to -2.0 V. Test procedures 
are shown for only one input, or for one set of input conditions. Other inputs are tested in the same manner. 




Pin 

DM10900 Test Limits 






(Vcco) 

(Vcc) 

Symbol 

Parameters 

Under 

Test 

0°C 

+25°C 

+70°C 


vonage applied 10 Kins Lisiea tseiow: 



Min. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Max. 

Unit 

V|H max 

V IL min 

V IHA min 


< 

m 

m 

Gnd 

'EE 

Power Supply Drain 
Current 

9, 43 

514 

855 

514 

685 


514 

855 


- 

- 

- 

- 



'|NH 

'iNL 

Input Current 
CD61, XL, YL, ZL, 
C|pg, OPA 
All Others 

55 

50 

50 

0.5 

600 

250 


1 

Q 

0.5 

600 

250 


50 

50 

- 

- 

9, 43 

3, 15, 20 

< 

O 

X 

Logic High 
Output Voltage 

■ 

-1.000 

-0.840 

-0.960 

— - 

-0.810 

-0.905 

-0.730 

V DC 

50, 55, 24 

31, 56, 54 



26, 60, 68 

v OL 

Logic Low 
Output Voltage 


-1.95 


-1.95 

— 

-1.650 

-1.95 

-1.625 

V DC 

55, 24 

50, 31, 
56, 54 

— 

— 



v OHA 

Logic High 
Threshold Voltage 

■ 

-1.02 

— 

-0.980 


— 

-0.925 

— 

V DC 

55, 24 

31,56, 54 

50 

— 



v OLA 

Logic Low 
Threshold Voltage 

11 


-1.645 

— 



1 


V DC 


31, 54, 56 

— 

50 




ro 

« 


0060MAIQ 








































DM10900 


DM10900 


TD HSC X|N OPB SL6 COMP CD61 SL4 
Z3 . VCCO. OPA , X8 . VCC , SL7 . CD60 . CD62 , YL 


Pin 

Description 


XO 

XI 

X2 

X3 

X4 

X5 

X6 

X7 

X8 


XL 

XP 

X|N 

YO 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 


YL 

YP 


C|N 


C 0 UT 


PG 


GG 


C n 3 


C n 7 

SRO 

SRI 

SR2 

SR3 

SL4 

SL5 



Pin Number 




|ia 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 ( 

UiMIMii + IMM* 

PG T VCC0 T CL 1 ZL 1 VCC SR2 1 SR3_[ XP 1 YP 
Z4 Z7 NC Cm SRO SRI XL SL5 

FIGURE 1. Input/Output Diagram 

DM10900 Grid Array Package 
Drawing Not Available at This Time 

Table 1. Pin Assignments 


Description 


Input Bus — LSB Input 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus — MSB Input 

Shift Interconnect — MSB 

X Latch Control Bit 

X Input Parity Bit 

Shift Interconnect — LSB 

Input Bus — LSB Input 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus 

Input Bus — MSB Input 

Y Latch Control Bit 

Y Input Parity Bit 
Carry Input 
Carry Output 

Group Propagate Output 
Group Generate Output 
Detect System Overflow 
Detect System Overflow 
Shift Right Input to Z4 
Shift Right Input to Z5 
Shift Right Input to Z6 
Shift Right Input to Z7 
Shift Left Input to Z0 
Shift Left Input to Z1 


Pin 

Description 

Pin Number 

Description 

SL6 


Shift Left Input to Z2 

SL7 


Shift Left Input to Z3 

ZO 

Z1 


Output Bus — LSB Output 
Output Bus 

Z2 

1 

Output Bus 

Z3 

68 

Output Bus 

Z4 

19 

Output Bus 

Z5 

5 

Output Bus 

Z6 

10 

Output Bus 

Z7 

21 

Output Bus — MSB Output 

ZD3 

14 

Zero Detect 

ZD7 

16 

Zero Detect 

ZP 

6 

Parity Detect Output 

ZL 

24 

Z Latch Control Bit 

Z E rr 

11 

Bus Error Detect Output 

T E rr 

12 

Test Error Input 

Comp 

57 

Control Input Complement 

CD60 

56 

Control Input 

CD61 

55 

Control Input 

CD62 

54 

Control Input 

HSC 

65 

Half Sum Check Output 

OPA 

64 

Control Input 

OPB 

61 

Control Input 

V EE 

9 

-5.2 Volt Supply 

Vee 

43 

-5.2 Volt Supply 

v cc 

26 

Ground 

Vcc 

60 

Ground 

V C co 

3 

Ground 

Vcco 

15 

Ground 

Vcco 

20 

Ground 

Vcco 

66 

Ground 

CL 

22 

Carry Latch Ehable 

NC 

23 

Not Used 

TD 

67 

Test Diode 
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Operation 

The basic data input ports to the DM10900 are the X bus 
and Y bus, each capable of accepting eight data bits. To 
expand the word size of a DM10900 system, single-bit data 
paths C| N , Cout, X| N , and X8 along with 4-bit paths SL and 
SR are provided. In addition, group propagate and group 
generate outputs can be used with external carry look- 
ahead logic in an expanded system for faster operation. 

The DM 10900 outpu tsdataon the Z bus a nd pr ovides zero 
detect signals ZD7 for outputs Z 7-Z4 and ZD3 f or outputs 
Z3-Z0. In addition, carry signals CN3 and CN7 are gener- 
ated within the adder for determining overflow condi- 
tions. Parity circuitry continuously monitors data flow 
within the ALU slice and provides two error signals. 

Each input and output port consists of eight data bits and 
one odd parity bit. The two input ports are latched and 
routed to four logic networks which generate a 1-bit shift 
right or left of X, a complement of Y, a logic OR of X and Y, 
and a logic AND of X and Y. The shift and complement 
circuits input to the adder network which provides the 
arithmetic sum and the logic exclusive-OR. Two 1-of-4 
multiplexers select the data path to the Z output bus. 

Pin Descriptions 

1. X Input Bus. These eight data input pins serve as data 
paths to an internal latch in the ALU. Data is passed 
through the latch when Latch Control bit, XL, is brought 
low and latched when XL is brought high. X7 is the most 
significant bit (MSB) of the X input bus. 

2. Y Input Bus. These eight data input pins operate iden- 
tically to the X input bus described above. YL is the 
latch control signal for the Y input bus. 

3. Parity Inputs, XP and YP. To utilize the parity detect 
circuitry of the DM10900, parity for X input data and Y 
input data should be entered on the XP and YP inputs re- 
spectively. These bits are used in determining the Z par- 
ity output, ZP, and parity error signals, HSC and Z Err . 

4. Shift Interconnects. Shift interconnect signals X| N , 
X8, SL and SR are provided to facilitate shift opera- 
tions in cascaded slice systems. 

For a single-bit shift left, X !N is shifted into the X0 
position and for a single-bit shift right, X8 is shifted 
into the X7 position. SL and SR are used for 4-bit shifts. 
For a shift left, SL7-SL4 are shifted into Z3-Z0 respec- 
tively, while the results of the OR circuit, (X + Y) 3 - 
fX + Y)o are shifted intoZ7-Z4, respectively. For a shift 
right, SR3-SR0 are shifted into Z7-Z4, respectively, 
while the OR circuit outputs (X + Y) 7 - (X + Y) 4 are 
shifted into Z3-Z0, respectively. 

5. Half Sum Check. HSC is a parity check of the X bus 
and Y bus along with an error check of the half sum 
adder network. HSC will detect a single-bit error or 
any combination of odd number of errors. Half sums 
are derived from the bit-by-bit Exclusive-QR of the two 
busses. The half sum bits, along with the input parity 
bits XP and YP, determine HSC as follows: 

HSC = HS7®GS6©HS5®HS4®HS3® 
HS2©HS1®HS0®XP©YP© Shift PAR 


6. Carry Signals. Syst em o verfl ow c an be detected by 
the carry signals CN3 and CN7. Overflow occurs 
when the maximum system word or byte value has 
been exceeded. Only the overflow from the most sig- 
nificant 8-bit slice is used in a typical system. 
Overflow is detected by the exclusive-OR of the 
carry out and carry in of the most significant bit in a 
system. In an 8-bit increment system (8, 16, 2.4, etc.) 
overf low can b e generated by the exclusive-OR of 
Gout and CN7. In a 4-bit increment system (4, 12, 16, 
etc.) overflow can b e generated b y the Exclusive- 
NOR of Z4 and CN3 (OF = Z4®CN3). Z4 is effectively 
the carry out of the 8-bit slice operating in a 4-bit slice 
mode. 

Carry in, C|j7, is used to interconnect 8-bit slices in a 
system. In a rip ple c arry mode, C| N is connect ed to 
the carry out, C 0UT , of the previous slice. Cout 
occurs when the calculated value within the ALU 
exce eds t he maximum capacity, a binary count over 
255. Cout is generated by look-ahead carry logic in 
the 8-bit ALU. 

7. Output Z Bus. These eight data output pins connect 
the output data latch to the external system. Data 
passes through the latch to the Z bus when ZL is 
high. Z7 is the most significant output bit. 

8. Zero Detect. ZD7 and ZD3 indicate all lows on output 
latch Z7-Z4 and Z3-Z0, respectively. These outputs go 
low when their corresponding output bits are all low. 

9. Z Bus Error. Z Err indicates a single-bit error (or odd 
number of multiple errors) in data flowing through the 
multiplexers or output latch. The output parity bit, ZP, 
is compared with the parity of the Z bus output gener- 
ating a logic high on Z Err if an error exists. 

Z Err can be tested with the test error input, T Err , when 
an arithmetic operation is performed. When enabled, 
a logic high on T Err will result in an incorrect parity of 
the arithmetic operation output Sum. This will be de- 
tected by the Z bus error logic as shown in the block 
diagram. 

10. Parity Output. ZP is used to output the parity of the Z 
bus. It is generated independently of the Z bus, which 
adds another level of system error check. 

ZP is the Exclusive-OR of the selected function before 
multiplexing onto the Z bus. For example, if the ALU 
were performing an AND operation, ZP would be: 

ZP = XY7®XY6©XY5© . . . ©XY0 

11. Group Propagate/Gejierate. Group propagate, PG, 
and group generate, GG, are used as inputs to exter- 
nal look-ahead carry logic for carry in signals that 
can be obtained with faster ripple techniques. The 
propagate output goes low when the maximum value 
occurs on the ALU outputs (255). Group generate oc- 
curs with a value of 256 or greater. These signals are 
useful only with arithmetic operations. 

12. Test Diode. A test diode, TD, is connected to Pin 67 
for use in measuring junction temperature. Pin 66 is 
the diode anode; Pin 67 the diode cathode. 
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Select Line Operation 

One-Bit Shift Select 

Control inputs CD60, CD61, and CD62 are used to give the 
ECL 8-bit slice a 1-bit shift left or a 1-bit shift right. A logic L 
on CD62 results in a 1-bit shift left whereas a logic H 
results in a 1 -bit shift right operation. When CD60 is held at 
a logic L or CD61 is held at a logic H, no shift operation is 
performed. Table 2 illustrates the 1-bit shift operation. 


Operation 

CD60 CD61 

CD62 

No Shift 

L X 

X 

No Shift 

X H 

X 

1-Bit Shift Left 

H L 

L 

1-Bit Shift Right 

H L 

H 


Mux B Select 

Control inputs CD60, CD61, and CD62 are used to select 
the data path to the ALU output latch. When CD61 is held 
at a logic H, Mux B is enabled. CD60 and CD62 select ALU 
functions pass X, pass Y, shift left four bits or shift right 
four bits. (See Table 3.) 


Table 3 

Function 

ZP 

CD61 

CD60 

CD62 

Not Enabled 

See Table 4 

L 

X 

X 

Pass X 

XP 

H 

L 

L 

Pass Y 

YP 

H 

L 

H 

Shift Left 4 Bits 

SL4 PAR 

H 

H 

L 

Shift Right 4 Bits 

SR4 PAR 

H 

H 

H 


SL4 PAR = [SL4® SL5 SL6® SL7] ® 

[(X0 + Y0)© (XI + Y1)®(X2 + Y2)® (X3 + Y3)] 
SR4 PAR = [SRO® SRI ® SR2® SR3]® 

[(X4 + Y4)®(X5 + Y5)®(X6 + Y6)©(X7 + Y7)] 


Mux A Select 

Control inputs OPA, OPB, and CD61 are used to select the 
data path to the ALU output latch. When CD61 is held at a 
logic L, Mux A is enabled, OPA and OPB select ALU func- 
tions Sum, XOR, X + Y, or X • Y (see Figure 11). See Table 4. 


Function 

ZP 

CD61 

OPA 

OPB 

Not Enabled 

See Table 3 

H 

X 

X 

Sum 

Sum PAR 

L 

L 

L 

XOR 

XOR PAR 

L 

L 

H 

X • Y 

AND PAR 

L 

H 

L 

X + Y 

OR PAR 

L 

H 

H 


XOR PAR = (Shift PAR)®[XP®YP] where 
Shift PAR = [X7®X|fg) • CD62 + (X8®X0) • 

CD62] • CD60 • CD61 

AND PAR = [(X0 • Y0)®(X1 • Y1)®(X2 • Y2)e 
(X3 • Y3)]®[(X4 • Y4)®(X5 • Y5)® 

(X6 • Y6)©(X7 • Y7)] 

OR PAR = (AND PAR)® (XOR PAR) 

Sum PAR = C|fsj®C1 ®C2®C3®C4®C5® 

C6©C7®T Err ®(X0R PAR) 

where C|n is the carry-in for generating bit Z\ for I = 1 to 7. 

Complement Y Select 

Control input Coirip inhibits or enables the complement 
operation. When Comp is at a logic L, Y data is passed. 
When Comp is at a logic H, Y is complemented. 


Operation 

Comp 

Pass Y 

L 

Complement Y 

H 



1 . The least significant four bits of X or Y are shifted into the most significant four bits. The four least significant bits are replaced with SL7-SL4 inputs. 

2 . The most significant four bits of X or Y are shifted into the least significant four bits. The four most significant bits are replaced with SR3-SR0 inputs. 

+ Logic Inclusive-OR. • Logical AND. ® Logical Exclusive-OR. 
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Switching Waveforms 

Propagation Delays 


Switching Time Test Circuit 

Vcco = Vcc = + 2.0 Vdc 


1 


vcco=vcc=+m>vdc 


-Ipd- 


3fc 


Setup and Hold 


3EDC 


tHOLD 







50S2 termination to ground location in each scope 
channel input. 


Setup and Hold 


All input and output cables to the scope are equal 
lengths of 50Q coaxial cable. Wire length should be < 1/4 
inch from TP| N to output pin and TPqut to output pin. 


Test Procedure: 

a. Establish setup time with long t h0 id- 

b. Keeping the leading edge of the input constant 
(tsetup)i vary the trailing edge of the input to deter- 
mine tpold* 


Setup and Hold Times (Nanoseconds) 
0 to +70°C T a (Tj not to exceed +115°C) 


Input 

Clock (Ref. Edge) 

Output 

Setup (Min.) 

Hold (Min.) 

X Bus, XP 

XL(L^H) 

All 

1.6 

+1 

Y Bus, YP 

YL (L~* H) 

All 

1.6 

+1 

X Bus, Y Bus, Comp. 

ZL (H— L) 

Z Bus 

17.8 

0 

ZP 

19.2 

0 

CL(H-L) 


14.5 

0 

XP, YP 

ZL (H-*L) 

ZP 

11.7 

0 

C|N 

ZL(H-L) 

Z Bus 

12 

-1 

ZP 

14.3 

-1 

CL(HB->L) 

CN3, CN7 

8.6 

-1 

SL, SR 

ZL (H-L) 

Z Bus 

6.1 

+0.5 

ZP 

12 

0 

X8, X, N 

ZL (H-L) 

Z Bus 

15.5 

-1 

ZP 

17.2 

-1 

CL (H-*L) 

CN3, CN7 

12.1 

-1 

OPA, OPB 

ZL (H-*L) 

Z Bus, ZP 

10.6 

+0.5 

CD60, CD61, CD62 

ZL (H -*• L) 

Z Bus 

24.2 

+0.5 

ZP 

26.1 

0 

CL(H^L) 

CN3, CN7 

21.1 

-1 

XL, YL (H-*L Edge) 

ZL(H'-L) v 

Z Bus 

18.9 

-0.5 

ZP 

20.4 

-1 

CL (H-*-L) 

CN3, CN7 

15.5 

-1 

T E rr 

ZL (H — L) 

ZP 

7 

0 
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Propagation Delay (Nanoseconds) 


Input 

Path 

Output 

0 to 70°C T a (Tj not to exceed 115°) 

Via 

Mode 

Typical 

Maximum 

X Bus 

Adder 

XOR 

Z Bus 

7.9 

12.2 

Y Bus 

Adder 

Arith. 

Z Bus 

11.6 

17.8 

Comp 

Mux B 

Logical 

Z Bus 

6.8 

10.8 


Adder 

Arith. 

ZP 


19.2 




Gout 


11.5 




CN3, CN7 


14.4 





13.9 

20.7 





9.8 

15.1 





16.7 

25.7 




PG 

7.5 

11.5 




GG 

7.4 

11.3 

XP 



ZP 

7.6 

' 

YP 



HSC 

6.8 





Z E rr 

10.5 


C|N 

Adder 

Arith 

Z Bus 

7.8 

12 




ZP 

9.3 

14.3 




Gout 

2.8 

4.3 




CN3, CN7 

5.5 

8.5 




ZD7, ZD3 

10 

15.3 




Z E rr 

12.3 

18.9 

SL 

MuxB 

Shift 4 Bits 

Z Bus 

4 

6.1 

SR 



ZP 

7.8 

12 




ZD7, ZD3 

6.3 

9.7 

X8 

Adder 

Shift 1 Bit 

Z Bus 

10.1 

15.5 




ZP 

11.2 

17.2 

X|N 



CoUT 

6 

9.2 




CN3, CN7 

7.8 

12 




ZD7, ZD3 

12.3 

18.9 




PG 

6 

9.2 




GG 

5.8 

8.9 




HSC 

8.6 

13.2 




z Err 

15.5 

23.8 

T E rr 


Z Parity 

ZP 

4.5 

7 



Error Check 

Z E rr 

7.5 

11.5 

XL 

Latch 

Latch X, Y 

Z Bus 


18.9 

YL 



ZP 


20.4 




C 0 UT 

8.3 

12.7 




CN3, CN7 

10 

15.4 




ZD7, ZD3 

14.5 

22 




HSC 

10.5 

16.2 




z Err 

17.4 

26.8 




PG 

8.2 

12.6 




GG 

8.1 

12.4' 

OPA 

Mux A 

Select 

Z Bus 

6.9 

10.6 

OPB 



ZP 

5.9 

9.1 





9.4 

14.4 




Z E rr 

11.4 

17.5 

CD60 

Adder 

Shift 1 Bit 

Z Bus 

15.7 

24.2 

CD61 



ZP 

17 

26.1 

CD62 



Gout 

11.6 

17.9 




CN3, CN7 

13.7 

21 




ZD7, ZD3 

18 

27.7 




HSC 

14.4 

22.1 




Z E rr 

21.3 

32.7 




PG 

12 

18.5 




GG 

11.9 

18.3 

ZL 

Latch 

Latch Z 


3.3 

5 





5.5 

8.7 





7 

11.6 


CN3, CN7 


2.8 4.3 


CL 


Latch 


Arith 



















































































CHECK ERROR DETECT 


TUI 5014 


FIGURE 2. 24-Bit ALU Expansion Example 
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SYSTEM ARCHITECTURE OF THE IDM2901A 

The IDM2901 is designed for use in microprogrammed 
systems; figure 1 illustrates a typical configuration for 
such a system. All devices use a common clock while 
two registers provide control signals and data inputs to 
the CPU. One of the registers serves as a direct-data 
input to the device, whereas the other register provides 
a communications link between the 2901, the micro- 
program sequencer, and the microprogram storage device 
(RAM, ROM or PROM). The "memory store" device 
contains microinstruction sequences, typically 28 to 
60 bits wide. When selected, these microinstructions 
control the IDM2901 and other circuits in order to 
execute the chosen operation. Address lines of the 
"store" device are driven by the microprogram 
sequencer. The sequencer can store an address, incre- 


ment an address, jump to any address, and link subrou- 
tines. Control bits for the "next instruction" originate 
in the "microprogram store." This arrangement plus the 
fact that the control register is between the storage 
device and the 2901 means that the instruction can be 
accessed on one cycle and executed on the next cycle. 
In summary, as one instruction is executed, the next 
instruction is being read from microprogram memory. 
In such a configuration, system speed is improved 
because "access time" and "execution time" occur in 
parallel; without the "pipeline instruction register," 
these two operations would be implemented in serial 
order. Other speed-enhancement techniques are detailed 
later under "Speed Enhancement of Bipolar Bit-Slice 
Microprocessor Systems." 


ADDRESS 



, STATUS 
OUT 


TOOTHER DATA 

DEVICES OUT 


Figure 1. Microprogrammed System Using the IDM2901 


EXPANDING THE IDM2901 BIT-SLICE 
MICROPROCESSOR 

The IDM2901 is a 4-bit slice microprocessor; thus, any 
number of devices can be interconnected to produce, in 
4-bit increments. CPUs of 8, 12, 16, 24, 36, or more 
bits. Figure 2 shows how three devices can be connected 
to form a 12-bit CPU using ripple carry; figure 3 shows a 
16-bit CPU using carry look-ahead, and figure 4 shows 
the general carry look-ahead scheme for long words. 

With exception of the carry interconnections, all 
expansion schemes are the same. The Q3 and RAM3 pins 
provide bidirectional left/right functions for .the most 


significant bit. Except for the last device in the string, 
the Q3 and RAM3 lines connect, respectively, to the Qo 
and RAMo lines of the next device. These connections 
permit the "Q" register of each device to be shifted left 
or right as a contiguous n-bit register; also, it allows 
output data from the ALU to be shifted left or right as a 
contiguous n-bit word prior to storage in RAM. As 
shown in the single-slice configuration (see figure 5), the 
shift lines at the LSB and MSB could be connected to 
the TRI-STATE multiplexer; the multiplexer can then 
be controlled by microcode to select appropriate shift- 
input signals. 
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Figure 5. Typical Input/Output Shifting at End of Array 


All "F = 0" outputs are connected together through a 
pull-up resistor; this line is high only if the ALU contains 
all zeroes. Most systems use the "F = 0" line as a "0” flag 
input to the processor status word. The overflow and F3 
pins are meaningful only when twos complement signed 
arithmetic is used. The overflow (V) output is high when 
the result of an arithmetic operation is a number requir- 
ing more bits than are available, causing the sign bit to 
be erroneous. The F3 (MSB of ALU output) is the sign 
of the result in twos complement notation and indicates 
the negative (N) bit, of the processor status word. The 
carry (C) bit of the status word is taken from the most 
significant processor (D12-D15, figure 3) in the string; 
carry interconnections between devices can use either 
ripple carry or carry look-ahead. For ripple carry, the 
carry-out (C n +4) of each device is connected to the 
carry-in (C n ) of the next most significant device; for 
example, C n +4 of device D0-D3 connects to C n of 
D4-D7, C n +4 of D4-D7 connects to C n of Ds-Dii, 
and so on for all interconnected devices. 

As shown in figure 5, during shifting, TRI-STATE multi- 
plexers are used to select new input information for the 
"Q" register and RAM; the left/right shift data is trans- 
ferred between devices over bidirectional lines. Figure 5 
shows how two dual 4-input multiplexers can be con- 
nected to provide four shift modes; in this case, 1 7 (from 
the IDM2901A) is used to select the up-shift or down- 


shift multiplexer. In this example, the four shift modes 
are defined below; these are followed by a table that 
provides an operating summary. 


Zero On a down-shift, the MSB of RAM is set 

low (logic 0); if the Q register is also 
shifted, the MSB of this register is likewise 
set low. For an up-shift, the LSB of the 
affected register(s) is set low. 

One Same as preceding description for "zero," 

except the MSB or LSB is set high (logic 1) 
rather than low (logic 0). 


Rotate Single precision rotate — MSB of RAM 
shifts into LSB on a right shift; LSB shifts 
into MSB on a left shift. If shifted, the Q 
register bits are shifted in the same manner. 

Arithmetic Double-length arithmetic shift provided the 
Q register is also shifted. On an up-shift, 
a "zero" is loaded into the LSB of the Q 
register and the MSB of the Q register is 
loaded into the LSB of RAM. On a down- 
shift, the LSB of RAM is loaded into the 
MSB of the Q register and the MSB (F n = 
sign bit) of the ALU output is loaded into 
the MSB of RAM. (The same bit will also 
appear in the next least significant RAM 
bit.) 


Code 

Source of New Data 

Shift 

Type 

17 

Si 

so 

Qo 

Qn 

RAMg 

RAM n 

H 

L 

L 

0 

Qn-1 

0 

F n -1 

Up 

Zero 

H 

L 

H 

1 

Qn-1 

1 

F n -1 

(Right) 

One 

H 

H 

L 

Qn 

Qn-1 

Fn 

F n -1 


Rotate 

H 

H 

H 

0 

Qn-1 

Qn 

F n -1 


Arithmetic 

L 

L 

L 

Qi 

0 

F 1 

0 

Down 

Zero 

L 

L 

H 

Q i 

1 

Fl 

1 

(Left) 

One 

L 

H 

L 

Q i 

Qo 

Fl 

FO 


Rotate 

L 

H 

H 

Qi 

FO 

Fl 

RAM n = RAM n _i = F n 


Arithmetic 
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HARDWARE MULTIPLICATION 


In its simplest form, interconnection for an 8 -bit by 
8 -bit multiplication is shown in figure 6 . This configura- 
tion can be easily expanded to 12 bits, 16 bits, or more 
by simply making the proper connections at the LSB 
and MSB of each device in the chain. The scheme shown 
in figure 6 uses the "add-and-shift" technique; thus, one 
clock cycle is required for each bit of the multiplier. For 
each clock cycle, the LSB of the multiplier is examined; 
if the bit is high (logical 1 ), the multiplicand is added to 
the partial product to generate a new partial product. 
The "new" partial product (or multiplicand) is then 
shifted one position towards the LSB and the multiplier 
is shifted in the same manner. The "old” LSB of the 
multiplier is discarded and the cycle is repeated until 
each bit of the multiplicand is used to generate a partial 
product. After each bit-operation is completed, the 
"new" LSB of the multiplier is available at Qq. 


The multiplier is retained in the Q register of the 
IDM2901 and the multiplicand is held in one of the 
file registers (R a ); the partial product is developed in yet 
another file register (Rb). The A-address field inputs 
(figure 1 ) are used to address the multiplicand in R a ; 
the B-address field is used to address the partial product, 
which resides in Rb- On each cycle, the contents of R a 
are conditionally added to the contents of Rb and, 
depending on the LSB of the Q register as read from the 
Qo output, both the Q-register and the ALU result are 
shifted one position left. The microinstruction lines for 
each cycle of the operation are as indicated. 

1 8/1 7/*6 = 4 (left-shift register file input and Q register) 
15 / 14 / 13=0 (add) 

1 2/' 1 /'0 = 1 or 3 (select A/B or 0/B as ALU sources) 


(D 


<D 




TO 12 


LOW 

FOR- 

ADD 


Qo 


Q3 

RAMo 


RAM 3 


1 DM2901 




Cn+4 



OVR 



F3 

Cp 


F = 0 


© : 


Qo 


03 

RAMO 


n Ar ' 1j 


1DM2901 


Cp 


C n +4 



OVR 



F3 

cp 


F=0 


1 ) 

z_fr 


Figure 6. Using Two IDM2901s for 8-bit by 8-Bit Multiply 


The circled numbers in figure 6 refer to steps in the 

multiplication summary that follows. 

1. Input and output pins of the Q register and RAM are 
connected such that the Q register of each 2901 
device can be left or right shifted in unison. Likewise, 
an 8 -bit (of n-bit) ALU can be shifted as one integral 

. unit prior to storage in the register file. 

2. Source operands of the ALU are determined by the 
LSB output of the Q register; these operands are: 
A/B (add multiplicand to partial product) or 0/B (add 
nothing to partial product). Microinstruction bit l-| 
can select between the operands (A/B or 0/B); bit l-| 
can be directly driven from the LSB-complement of 
the multiplier. 

3. When the "new" partial product appears at the input 
of the register file, it is shifted left by the RAM 
shifter. The LSB of this "new" product is complete 
and is not affected by future operations; accordingly, 
it is output at RAMq, where it is then input to the 
MSB of the Q register. As each cycle is completed, 
the LSB of the product is input to the MSB of the 


Q register; thus, when the operation is completed, the 
Q register contains the least significant half of the 
resulting product. 

4. As the ALU output is down-shifted for each clock 
cycle, the sign bit of the new partial product is input 
to the. MSB of the RAM shifter. If overflow has not 
occurred, the F 3 flag will correctly designate the sign. 
If an overflow has occurred, the overflow (OVR) 
output is set high and, in this case, the correct sign is 
the complement of F 3 , that is, F 3 . In summary, the 
correct sign bit to be shifted into the MSB of the 
partial product is F 3 (no overflow) or F 3 (with over- 
flow). On the last cycle, when the MSB of the multi- 
plier is examined, a conditional subtraction is per- 
formed — this is because the sign bit of the multi- 
plier carries negative rather than positive arithmetic 
weight: 

(Y = -Y i 2 i + Y i _ 1 2 M + ...+Y 0 2 °) 

The foregoing scheme will correctly produce a twos 
complement product for all multiplicands and multi- 
pliers in twos complement notation. Figure 7 shows 
the input states of the I DM2901 s for each step of 
a signed, twos complement multiplication. 
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Initial Register States Final Register States 

R 


S, F-> 

D 

Description 

Repeat 

Pin States (Octal) 

Jump 

A 

B 

1 876 


•210 

EM 

m 

Q 3 

RAMo 

ram 3 

m 

if 

OVA 

Q 

Move Multiplier to Q 

- 

0 

X 

0 

□ 

4 

Q 

a 

x 

X 

X 



0 B 

B 

Clear R3 

- 

X 

3 

2 

D 
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BYTE SWAPPING 

Sometimes it is expedient or necessary to swap the two 
halves of a 16-bit word — interchange Dg_7 with D8-15 
and vice versa. A fast method of implementing the swap 
is to rotate the word in RAM, shifting 2 bits at a time — 
only four shift cycles are required. The same file register 
is selected at both A and B ports; these two values are 
added together with carry-in connected to carry-out, 
producing a single position shift to the right. The ALU is 
then shifted to the right one more position prior to 
storage in RAM. For example, the byte swap of Rq 
would be implemented by repeating the following set of 
conditions four times: 

A = B = 0; I = 701; RAMo = RAM15; C|f\j = CoUT 

INSTRUCTION FETCH CYCLE 

Generally, execution of a microinstruction begins with 
an instruction fetch cycle. The address of the instruction 
to be fetched (and executed) is held in the program 
counter (PC) and, as the first step, this address must be 
put in the memory address register. Next, the PC is 
incremented to point to the next instruction. The 
instruction obtained from memory is loaded into the 
program sequencer, which causes a jump to the micro- 
code that executes that particular instruction. The PC 
can be read out and incremented in one cycle by using 
destination code "2" and addressing the PC with both 
the A and B fields. The current value of PC will appear 
on the Y outputs and (PC+1) will be returned to the 
register. For example, if PC is in register 15: 

A = B = 15; I = 203; Carry-in = 1 

The PC contents will appear at the Y outputs via the A 
port of RAM. On the low-to-high transition of the clock 
pulse, the program counter will be incremented and the 
Y outputs will be loaded into the memory address 
register. During the next clock cycle, memory is read 
and, on the succeeding low-to-high transition of the 


clock, the instruction is put into the instruction register 
of the program sequencer. Only two microcycles are 
required to complete the instruction fetch. 

FILE EXPANSION 

In certain applications, the sixteen registers contained 
within the IDM2901 are insufficient; thus, the number 
of registers must be expanded. The expansion is easily 
implemented via the I DM29903 addressable D register 
file. As shown in the I DM29903 data sheet, the device 
consists of sixteen 4-bit words; each word can be read 
asynchronously or written into on the next clock 
transition. Figure 8 shows the IDM2901 and the 
I DM29903 connected together to provide a file that is 
32 words deep. As shown by the “file enable" logic 
and the "expansion interface" connections, it is easy 
to see how further expansion can be achieved. There 
are several possibilities which could be used for address 
decode of this 32-word file. The most versatile decod- 
ing system is simply to implement separate addresses 
for each file, that is, discrete A and B address fields 
for the IDM2901 and a separate address input for the 
IDM29903. As shown in the following sequence, ex- 
tending the number of file registers allows round-robin 
shifting of information from one device to the other; 
thus, interfile data management is easily accomplished. 

Assume the following file location: 

RO through Ri 5 are in IDM2901 

Rig through R31 are in IDM29903 

Then: 

1. R0-15+ Bo-1 5 -» Bo-15 

2. R0-15 + Bo-15^ B16-31 

3. Ri6-31 + Bo-15 

4- R 16-31 + Bo- 15 - v Bi6-31 

5- R16-31 + RO-15"* q 
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In the configuration shown in figure 8, single-cycle shifts 
do not work, except that Ro-15 can be right-shifted or 
left-shifted. Other shifts can be performed by making a 
transfer to the Q register, shifting, and then transferring 
back to the R 15-31 registers. 


If system requirements prohibit the use of separate 
address decodes, common address decoding (figure 9) 
can be used; in this case, two 5-bit address fields are 
obtained via the I DM29751 and a 2-to-1 multiplexer is 
used to control the A/B address fields of the 2901. 



Figure 8. File Expansion Using Separate Address Fields for Each 16-Word File 



Figure 9. File Expansion Using Common Address Decoding 
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USING THE IDM2909A/11A IN A 
COMPUTER CONTROL UNIT 


Introduction 

In any digital computing system, the Micro Control Unit 
(MCU) is almost always the most complicated subsystem. 
The MCU controls and supervises all bus activity, synch- 
ronizes internal and external events, and grants or denies 
access to peripherals and other external systems. Because 
of these many and varied duties, the MCU is complicated 
in concept, design, and implementation. The IDM2909A/ 
11A Microprogram Sequencer provides an excellent tool 
for overall simplification of these parameters. 

Computer Architecture 

Typically, the architecture of most modern-day com- 
puters is as shown in figure 10. A common data bus is 
used; instructions, address operands, data, and other 
information is sent over this bus under the direction of 
a microprogram. The series of instructions within each 
microprogram selects the source of data and also the 
destination. Although only one data bus is shown in 
figure 10, a complicated system may contain several 
busses — each under control of the MCU. 


The address bus in figure 10 is used to select a memory 
word for some internal function, or to select an input/ 
output port for an external subsystem or peripheral. 
Data sources for the address bus can be the program 
counter, the memory address register, a direct memory 
address controller, an interface controller, or other; 
these functions are also under control of a microprogram 
command. 

The arithmetic/logic unit (ALU) is that part of the 
processor that does the computational work. With a 
complex ALU, a large number of arithmetic and logical 
functions can be performed. As a minimum, the ALU 
must perform the arithmetic functions “A+B,” "A-B," 
and "B-A"; usually, these functions can be performed 
in both fixed point and twos complement binary form. 
The minimum logical functions performed by the ALU 
are: "A OR B," "A AND B," and "A EXCLUSIVE-OR 
B." The arithmetic and logical functions are both imple- 
mented by the same circuit configurations — the 
difference being in gating. Besides the arithmetic and 



Figure 10. Generalized Computer Architecture 
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logic capabilities of the ALU, shift and rotate functions 
are also implemented as part of the basic instruction set. 
When an arithmetic or logical operation is performed by 
the ALU, a set of' condition codes result. These condi- 
tion codes include such variables as carry out, A= B, the 
sign bit, result equals zero, and so on. Along with other 
status information, these condition codes are stored in 
a register for later use by the programmer or micro 
control unit. 

Third-generation processors also provide for a general- 
purpose register set that is available to the programmer 
to be used to hold variables that are used often — passing 
arguments to subroutines, referencing memory indirectly, 
and so on. Depending on the architecture of the machine, 
the general-purpose registers may be selected directly 
from the operands in the instruction register, from an 
address in the microprogram store, or one of the two 
sources as determined by a bit in the microprogram 
store. 

The program counter and the memory address register 
are the two main sources of input to the address bus. 
The program counter contains the address of the next 
instruction or instruction operand that is to be fetched 
from main memory, and the memory address register 
contains instruction address operands that are necessary 
to fetch the data required for the execution of the 
current instruction. When exiting a subroutine, a subrou- 
tine address stack is provided to allow for easy handling 
of the return address linkage. The address stack is a 
last-in/first-out stack that is controlled by a jump-to- 
subroutine, PUSH, or a return-from-subroutine, POP, 
instruction from the MCU microprogram word. 

In micro- and mini-computer systems, main memory 
consists of RAMs, ROMs, or more generally a combina- 
tion of both. Typically, random access memories (RAMs) 
are slower than the micro control unit and the arithmetic 
logic unit. On the other hand, read only memories 
(ROMs) may be much faster than circuits within the 
MCU. Peripheral devices and multiprocessing systems 
present the same type of speed-interface problems; also, 
the MCU must contend with synchronizing events that 
occur asynchronously. 

Control Sequence 

The MCU contains an instruction register, micro-program 
storage, and usually a microprogram register. The initial- 
ization, fetch, and execute phases for a typical micro 
control unit are shown in figure 1 1. Regardless of system 
size and complexity, an initialization sequence is 
required to put control and storage elements in a known 
state such that control functions can be implemented in 
an orderly manner. For example, registers, condition 
codes, flags, and carry /link flip-flops are preset to a logic 
1 or cleared to a logic 0. Likewise, it is sometimes neces- 
sary to initialize stack registers and/or main memory. 
The initialization process must be closely supervised to 
prevent alteration or damage to peripheral interfaces; 
furthermore, clock pulses must be withheld from the 
system until the initialization process is complete. 

Usually, the initialization phase (1, figure 11) is started 
in one of three ways; (1) application of system power, 
(2) a "master reset" that is programmed or implemented 
by the operator, and (3) a detected error that cannot be 
corrected by the program. In a power-up generated 
initialization sequence, care must be given to the circuits 


that detect the event and generate the timed reset signal; 
the operating sequence should not start until the entire 
power system is stable. Furthermore, since some equip- 
ment and components may be damaged if they require 
multiple voltages that are not applied in the proper 
order, the MCU is often used to sequence the enabling 
of power supplies. 

In state 2 of figure 11, an instruction is fetched from the 
specified memory location and loaded into the instruc- 
tion register. During state 3, the program counter is 
incremented and the previously fetch instruction is 
decoded. If another operand is required for the current 
instruction, state 3 is repeated and the various operands 
are loaded into the appropriate register. This process 
continues until the requirements of the instruction have 
been met. 

In state 4, the macroinstruction is executed. As in all 
of the other states, the instruction execution state may 
require one or more microinstruction cycles. After 
completing state 4, the MCU returns to the fetch phase 
and continues to fetch-and-execute the programmed 
microcode. 



INITIALIZATION 

SEQUENCE 



Figure 11. Initialization, Fetch, & Execute Phases tor a Typical 
Microcomputer 


Architecture of the Micro Control Unit 

Basic components of the MCU are functionally shown in 
figure 12. The instruction register receives the instruc- 
tion from main memory via the data bus; to minimize 
system overhead, the registers, main memory, and data 
bus are all of the same width. An instruction is broken 
down into two or more fields: the "Op Code" and one 
or more operands. The Op Code (Operation Code) is the 
instruction, whereas the operands are data used by the 
micro control unit in the execution of the instruction. 
For example, an operand might be the number of a 
selected register, a variable to be compared to the 
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accumulator, the address of an input/output port, and 
so on. Because the operand may be used as data, it must 
be presented to the data bus via an open-collector or 
TRI-STATE device; the Op Code and its subfields must 
also be distributed to the ALU and various other 
registers. 

Usually, a macroinstruction contains more than one 
microinstruction; also, different classes of macroinstruc- 
tions almost always require a different number of micro- 
program steps. In figure 12, some hardware can be 
eliminated by using the Op Code as the starting address 
of the microprogram ROM. This technique is not recom- 
mended simply because it is wasteful and inflexible; also, 
the entire system is affected by changes in the instruc- 
tion set or the microprogram. To avoid these problems, 
a mapping ROM can be used. 

To allow a greater range of starting addresses for the 
microprogram ROM, the output of the mapping ROM 
could be wider than the Op Code field that is used as the 
address input. Because ROM/PROM field widths are 
typically 4 bits or 8 bits wide, a reasonable choice for an 
8-bit Op Code is a mapping ROM that is 12 bits wide. 
The starting address, as specified by the mapping ROM, 
is loaded into the microprogrammer counter which 
points to the first microinstruction in the microprogram 
ROM. When the output of the microprogram ROM 
stabilizes, it is loaded into the microprogram register. 

The use of the microprogram register in this manner is 
called pipelining. The pipeline technique improves the 
overall machine speed by allowing the address of the 


microprogram ROM to be changed and its output to 
settle while the current microinstruction is being exe- 
cuted. The microprogram sequence controller in figure 
18 performs two basic functions: (1) synchronizes 
external events, and (2) uses the output of the test 
condition multiplexer to determine whether or not 
microprogram branches, jumps-to-subroutine, and 

returns-from-subroutine are to be made. 

External signals of the microprogram sequence controller 
can be grouped into five categories: supervisory, condi- 
tion codes, initialization, synchronization, and 

interrupts/clocks. The supervisory signals include "Run," 
"Halt," and "Pause." "Run" is a latched signal that 
enables the clock to the entire system. "Halt" disables 
the system clock and is only recognized during the 
instruction fetch microcycle; this is a latched signal. 
"Pause" is a level provided to the controller from an 
outside processor to temporarily suspend MCU control 
so that the external processor has uncontested access to 
resources of the computer. 

Condition codes are stored in the program status word 
register and presented to the test condition multiplexer, 
where any of the codes may be selected by one of the 
microprogram fields in the microprogram register. If the 
condition code is true (logical 1), the output of the test 
condition multiplexer will enable a branch instruction in 
the microprogram. The condition codes are loaded into 
the program status word register after every ALU opera- 
tion or interrupt request. 


INSTRUCTION REGISTER 
OPCOOE 1 OPERAND 


MICROPROGRAM REGISTER 


MICROPROGRAM 

SEQUENCE 

CONTROLLER 


■CLOCK 

-POWER UP RESET 
- MASTER RESET 


Figure 12. Basic Components of Micro Control Unit 


23-80 





Initialization lines include "Power-Up Reset" and 
"Master Reset" — these signals have been previously 
described. Synchronization lines include "Operation 
Request" and "Operation Acknowledge" — OPREQ and 
OPACK. These signals are used to synchronize external 
events whose speed is slower than that of the MCU. For 
example, when the MCU issues a memory reference 
instruction, an OPREQ signal is generated and, although 
the system clock continues to run, it is effectively dis- 
connected from the micro control unit. Once the 
addressed memory has accessed the data and performed 
the read or write operation, it generates the OPACK 
signal; thus, the system clock is enabled to the MCU. 
When the memory or input/output cycle times are 
known and can be controlled, the MCU clock period can 
be adjusted to preclude the requirement for synchroniz- 
ing signals. 

An interrupt may occur at any time; however, it is 
normally recognized only during an instruction fetch. 
When the interrupt is recognized, the priority encoded 
interrupt vector is put into the program status word 
register and the microprogram ROM is updated with 
the address of the interrupt service routine. When the 
interrupt has been serviced, a return to the resident pro- 
gram is made via the previous program counter value. 

MCU Instructions 

There are two types of instructions recognized within 
the MCU — machine language or macroinstructions, and 
random logic replacement or microinstructions. Macro- 
instructions reside in main memory, are fetched and 
loaded into the instruction register, and then are 
decoded into microinstructions which directly control 


Register-to-Register 


resources of the computer. Two different types of 
macroinstructions are shown in figure 13. The register- 
to-register instruction consists of an 8-bit Op Code and 
two 4-bit operand fields; the branch-on instruction also 
consists of an 8-bit Op Code but the eight least signifi- 
cant bits define an 8-bit displacement address. In the 
register-to-register instruction, the operand defines the 
source and destination registers (A and B), that is, the 
result of an arithmetic/logic function using registers A 
and B will be stored in register B. In the branch-on 
instruction, the condition of the branch is implicit in 
the Op Code; the sum of the current program counter 
address and the displacement address will be stored in 
the program counter if the selected condition is logically 
true. 

The word format for a typical microinstruction is shown 
in figure 13. The four least significant bits (Bo-3) 
define the type of microinstruction (SEQUENCER 
FUNCTION) that is being executed. The second 4-bit 
field selects the "BRANCH CONDITION" (if the micro- 
instruction is a branch instruction); two 1-bit fields may 
enable the interrupt and pause functions if the micro- 
instruction is an instruction fetch command and disables 
the interrupts at all other times. The third microinstruc- 
tion field is composed of two 3-bit subfields which are 
used to define the source and the destination of data 
(DATA BUS CONTROL). Depending upon the micro- 
instruction function, the remaining 12-bit field is 
defined either as an arithmetic logic unit control field or 
as a microprogram branch address field (ALU & BRANCH 
ADDRESS BITS). There are various methods of mapping 
microinstruction control fields; however, for implemen- 
tation of these fields in the examples that follow, the 
"ALU and Branch Address" is used. 
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Figure 13. Macro- and Micro-Instruction Fields 
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Implementing an MCU Using an IDM2909A 

The IDM2909A address controller permits the designer 
to use the very latest in microprogramming techniques — 
microbranching, microsubroutines, and repetitive micro- 
instruction execution. Instead of using sequential 
circuits which must be parallel loaded and sequentially 
incremented with separate clock pulses, the IDM2909A 
uses a combinational incrementer whose output is trans- 
ferred to the microprogram counter on the rising edge of 
the clock pulse. As indicated in the data sheet (Part 1 
of this manual), the primary function of the IDM2909A 
is to present an address to the microprogram ROM such 
that a microinstruction may be fetched and executed. 
The address information is available from any of four 
sources — an Address Register, a Microprogram Counter 
Reqister, a Direct or Branch Input, and a Subroutine 
Stack. The address source (figure 14) is chosen by using 
the one-of-four address multiplexer select lines, Sq and 
S-|. The selected address can then be modified by the 
OR input lines or forced to zero before it is presented 
at the Y address output lines through a TRI-STATE 
buffer. 

The OR input lines can be used in either of two ways. 
Selected OR inputs can be set to a logical 1; this will 
provide the logical OR of the selected address source 
and the OR input lines at the Y output — in this config- 
uration the address can be "masked." If a microprogram 
instruction of the SKIP or BRANCH classes is being 
executed and the microinstruction is aligned on an even 
address microprogram ROM word (the least significant 
address bit equals 0). then the least significant OR input 


may be controlled by an external test condition multi- 
plexer. If the result of the conditional test is logically 
false (logical 0), then the least significant bit can be 
modified to avoid the execution of the BRANCH or 
SKIP instruction. For such functions, all unused OR 
inputs must be tied to ground; similarly, if the 2, 3, 4, 
or n least significant bits of the selected address are 0, 
the associated OR input lines can be modified for an 
extended address range skip capability. 

It is often desirable to get to a predefined state, or 
address. For instance, if the machine has just been 
turned on and it is necessary to perform an initialization 
sequence or a realtime event occurs where the processor 
control is required but the ongoing process information 
may not be destroyed, such as an interrupt, the OR 
inputs may be used. All of the OR inputs must be con- 
nected to the output of a positive logic gate so that 
when the event occurs the output of the gate goes to a 
logical 1, as do the Y output address lines. The ZERO 
input provides a similar capability, but it must normally 
be held at a logical 1 and only "pulled down" to 0 when 
the event occurs — causing all of the address output 
lines to go to 0. 

For automatic testing of the memory and register system, 
the TRI-STATE output buffer that drives the Y lines 
can be used. That is, if the buffer output control (OE) 
is disabled, the Y lines are set to the high-impedance 
state which allows output lines of the automatic tester 
to be connected directly across the outputs. 


PUSH/POP. PUP 



C|N COUT 


Figure 14. Functional Architecture of IDM2909A 
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The address register (as well as other storage devices of 
the IDM2909A) is parallel loaded from the R inputs 
when the register enable line (RE) is low on a positive- 
going clock transition. When entering the starting 
address of a microprogram, this is the ideal register to 
use because its contents are not only presented to the 
Y outputs, but also to the incrementer. The incrementer 
is an adder provided-with an off-chip carry-in signal (C n ) 
and an off-chip carry-out signal (CoUT)l accordingly, 
several IDM2909A devices can be used in a cascade 
arrangement. The output from the incrementer is con- 
nected to a parallel load input on the microprogram 
counter register where it is loaded on the rising edge of 
the next clock pulse. If the microprogram counter is 
selected as the source address by subsequent microin- 
structions, it will be incremented by each succeeding 
clock pulse, thereby stepping through the microprogram. 

As previously indicated, it is sometimes necessary (and 
often desirable) to provide a branch instruction and a 
branch address in a microprogram instruction. In such 
cases, data lines from the branch address field in the 
microinstruction can be feedback-connected to the data- 
direct (D) inputs of the IDM2909A; the source address 


multiplexer can then select the branch input as the next 
microinstruction address. On the next clock pulse, the 
address is incremented and stored in the microprogram 
counter register. 

The push/pop, or last-in/first-out (LIFO) stack, provides 
the microprogrammer with the same flexibility in sub- 
routine execution that machine language programmers 
have. A 4-by-4 file whose address is controlled by a 2-bit 
up/down counter allows 4-deep nesting of microsub- 
routines. A push/pop control signal (PUP) determines 
whether the function being performed is a jump-to- 
subroutine (PUSH) or a return-from-subroutine (POP). 
When the file enable control line (FE) is low, the push/ 
pop command is executed on the rising edge of the next 
clock pulse. After the subroutine is completed, a return 
to the address immediately following the jump-to- 
subroutine instruction is accomplished by selecting the 
stack as the source address and simultaneously executing 
a POP command. 

One method of implementing the hardware shown 
in figure 12 is a configuration such as that in figure 15. 
Two IDM29901 octal edge-triggered flip-flops with 



Figure 15. Using the IDM2909A to Implement a Computer Control Unit 
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TRI-STATE outputs (designated U} through U4) make 
up the 16-bit instruction register. The most significant 
(U 1 /U2) registers contain the Op Code, whereas the 
least significant (U3/U4) registers contain the operand 
field. The TRI-STATE outputs from the Op Code 
register are connected to the address input of the 
mapping ROM. If, as shown, the output enable (OE) is 
held low by pulling up an inverter, troubleshooting and 
automatic testing of the system can be simplified 
because the tester has control of the memory system. 
The buffered output for the operand field is fed back to 
the eight least significant bits of the data bus for other 
register-modification purposes. In some applications, the 
Operand field for ALU functions will be used as two 
4-bit subfields to specify a source register (Ra) and a 
source/destination register (Rg). In fact, this arrange- 
ment works extremely well if the IDM2901A micro- 
processor is used. The active TSL outputs are used for 
Ra and Rg data. 

The two mapping ROMs are connected with common 
inputs but separate outputs. This memory configuration 
produces 256 words and a possible unique 16-bit address 
for each Op Code. There is considerable design flexibility 
and it is also easy to add additional instructions at a 
later time. The outputs of the mapping ROMs (or 
PROMs) connect to the register address inputs of the 
IDM2909A (or IDM2911A) microsequencers; in turn, 
the outputs of the sequencers specify address data for 
the microprogram ROMs. A recommended part type is 
shown for the region described as the microprogram 
storage. Since the 2909A or 2911 A sequencer solution 
contains 12 addressing output bits, the size of this 
storage can grow to 4096 words before the microcon- 
trol design must be modified. Almost any number of 
PROMs may be used for a system design since the 
application will dictate the number of words and the 
width of the word to be used in the microprogram. 

As shown in figure 15, the microprogram register is split 
— one ROM (or PROM) providing special-function 
control, bus control, and ALU control, while the left 


side provides next state control and the possible next 
state jump address or ALU control. In this configuration, 
the starting address from the mapping ROM is loaded 
into the internal register of the sequencer at some time 
before it is needed. Alternately, the direct inputs of the 
sequencer can be used; this method permits a single- 
cycle branch to the starting address. 

The control bit fields for the ALU supervise all external 
gating and bit manipulation, whereas the other control 
fields provide source/destination bus control. Whenever 
the processor is running, the TRI-STATE output enable 
lines are held low, enabling the output. 

If a "Pause" is implemented (a DMA function as an 
example), the outputs are disabled so that an external or 
peripheral processor can gain access to the control line. 

Depending upon the application, the sync and enable 
logic can be relatively simple or it can be very complex. 
On the one hand, these circuits must satisfy the control 
requirements of the IDM2909A sequencer and the 
IDM2901, and on the other hand, they must provide 
the proper interface with externally-generated control 
signals. For the most part, internal control (within the 
MCU) is handled by decoding of the functions shown in 
figure 16. 

The ability to execute the same microinstruction a 
number of times was mentioned earlier; technically, 
the value of this capability lies outside the micro control 
unit. For example, consider the macroinstruction format 
foraregister-to-register instruction as shown in figure 19. 
If the Op Code is a Shift or Rotate instruction, it is 
desirable for the programmer to move the data word' 
over a range of 1 to 16 bit positions with a single instruc- 
tion rather than multiple execution of the same instruc- 
tion. If the two operand subfields (Ra and Rg) are 
defined as Ra equals the number of bit positions the 
data is to be moved and Rg as the affected register, it 
is easy to see how this function can be implemented. 
(Additional hardware requirements are shown in figure 
17.) 
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Figure 16. Function Table for IDM2909 lor IDM2911) Microprogram Sequencer 
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Figure 17. Example of Interactive Microinstruction Control 
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SPEED ENHANCEMENT OF BIPOLAR BIT-SLICE 
MICROPROCESSOR SYSTEMS 


Review of Critical Timing Paths 

In order to identify potential areas for speed improve- 
ment, it is helpful to review the critical timing paths in 
a typical bipolar microprocessor. First, consider the 
simple system organization shown in figure 18. In this 
system, the address register is clocked at the beginning 
of the microcycle. When the microinstruction is valid 
at the ROM output, two basic paths must be considered. 
One path consists of accessing data from the registers, 
propagation through the ALU, and storing the result in 
a data register and a status register. The other path 
involves the test condition multiplexer and sequence 


controller. Typical timing for such a system is shown in 
figure 19. After the microinstruction is valid, the two 
paths are indicated by arrows. In a typical system design, 
the minimum microcycle period is limited by the delay 
path through the registers and ALU — shown as "ALU 
Results May Be Clocked" in figure 19. 


If the path delays are such that the sequencer output is 
valid before the path through the registers and ALU has 
stabilized, a modification to the system shown in figure 



Figure 18. Simplified Block of Microprogrammed Processor 



-MINIMUM MICROCYCLE PERIOD- 


Figure 19. Typical Timing Diagram for Microprogrammed System Shown in figure 18 


23-86 





18 can provide improved performance. Such a modified 
system with typical timing is shown in figure 20 — this is 
frequently called a pipelined organization. The name 
results from the fact that while one microinstruction is 
being executed, another microinstruction is simul- 
taneously being accessed. A register is added to the 
output of the ROM and the address register which was 
used to hold the output of the sequencer logic is not 


used. The clock causes the next microinstruction to 
appear at the output of the microprogram register. The 
sequencer output is allowed to access the microprogram 
ROM to fetch the next microinstruction while the data 
is propagating through the registers and ALU. In this 
way, the access time of the ROM may be overlapped 
with the execution of the microinstruction by the 
registers and ALU. 




- MINIMUM MICROCYCLE PERIOD - 


Figure 20. Pipelined Organization with Typical Timing 


Predicting Test Condition Results for 
Higher Performance 

In order for the pipelined organization of figure 20 to 
provide a performance advantage over the simple system 
shown in figure 18, the delay path through the sequencer 
and microprogram ROM must be faster than the path 
through the registers and ALU. In the timing diagram of 
figure 20, the sequencer output is valid early enough for 
the total access time of the ROM to be overlapped, that 
is, the ROM access time does not influence the required 
duration of the microcycle period. To satisfy this condi- 
tion, the sequencer logic must be relatively high speed, 
and most importantly, the test condition multiplexer 
inputs must be valid at an early point in the microcycle. 
The latter requirement is quite unfortunate, since it 
implies that test conditions based upon the result of 


ALU operations in the current microcycle may not be 
used. This forces the user to either provide more status 
register bits (the status register outputs contain the 
results of operations performed on earlier microcycles) 
and/or execute an additional microinstruction in order 
to perform an operation and test the result. Thus the 
consequences of not permitting test conditions based 
upon the result of the current ALU operation cost the 
user both additional hardware and execution time. 

An effective solution to this problem is to design the 
system so that the sequencer logic is conditioned on the 
basis of a predicted value for the test condition multi- 
plexer output, and the ROM is accessed on this assump- 
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tion. After the ALU result is stable and has propagated 
through the test condition multiplexer, the predicted 
value of the multiplexer output is compared with the 
actual value of its output. If the predicted value was 
correct, the next microinstruction in sequence (i.e., the 
one which was being accessed) is executed. On the other 
hand, if the predicted value of the test condition multi- 
plexer is different from the actual value, the conditioning 
of the sequencer logic is modified correspondingly, and 
the time duration of the microcycle is extended in order 
to allow time for the modification to propagate through 
the sequence controller logic and access the ROM. 
Since the microprogrammer can frequently predict the 
results of test conditions with a frequency of success 
that is much better than 50%, a relatively small fraction 
of the microcycles must be extended. Two examples 
that illustrate where the programmer can, with a high 
degree of success, predict results of a test condition are: 

• Testing for a stack overflow condition. The stack 
pointer (contained in an internal register) is compared 
with a boundary value (contained in another register). 
It is of course extremely infrequent that the result of 
this test indicates an overflow condition in normal 
circumstances. 

• Test of a loop counter. In a microprogrammed multi- 
ply or divide algorithm, a loop counter must be tested 
on each pass through the loop. For a 16-bit machine, 
the test would typically be performed 16 times but 
the result could be accurately predicted 15/16 of 
the time. 

Variable Microcycle Period 

As was discussed earlier, the delay through the registers 
and ALU is typically the path which limits system per- 
formance. The magnitude of this delay can vary con- 
siderably depending upon which micro-operation 
is being performed. Table 1 lists a variety of operations 
together with the microcycle period requirements for a 
pipelined system which was designed to use the recently 
announced IDM2901. Note that the longest operation 
requires about 75% more execution time than the 
shortest operation (this percentage difference is even 
greater for a system using the first generation version of 
the 2901). 

Table 1. Microcycle Period Requirements for Various Operations 


Using a Pipelined System 

Operation Performed 

Microcycle Time (ns) 

Logic operation; status regis- 
ter not modified; no test of 
result 

98 

Arithmetic operation; status 
register not modified; no 
test of result 

133 

Add and shift; status register 
not modified; no test of 
result 

172 

Multiply cycle; Qq used to 
determine 1 1 of 2901 

172 

Arithmetic operation; status 
register modified; no test of 
result 

169 

Arithmetic operation; status 
register not modified; result 
used as test condition (no 
extend caused by incorrect 
prediction) 

165 


The most straightforward design approach is to simply 
calculate the worst case time period, and design the 
clock generator circuit to provide that time for all 
operations. It is evident that a speed improvement would 
be obtained if the clock generator could be programmed 
to modify the microcycle period in accordance with the 
requirements of the operation which is to be performed. 
If the operations which establish the worst case time 
period are performed relatively infrequently, then the 
system performance Improvement which can be achieved 
by programming the microcycle period is greater than 
might first be imagined. 

Examples of Performance with Various System 
Configurations 

In order to illustrate the performance which results from 
the various system organizations described above, it is 
helpful to present numerical values which were obtained 
from a design study. Five system organizations were 
considered. The systems were evaluated based upon the 
time required to execute a variety of instructions typical 
of those used by a minicomputer. These results are 
useful for gaining an insight into the performance which 
may be obtained for a particular type of system organ- 
ization. Obviously, the results of these studies are 
dependent upon component specifications — ROMs, 
registers, gates, and LSI devices. Thus, when choosing 
an organization for a new system design, the designer 
should perform a similar analysis using specifications of 
available components in order to make realistic decisions 
of cost versus performance. 

System 1: This system was equivalent to that shown in 
figure 18. It was a non-pipelined organization and test 
conditions were based upon results of operations per- 
formed on the previous microcycle. A fixed microcycle 
period of 225 nanoseconds was used; this period was 
necessitated by the multiply instruction. 

System 2: This evaluation was based on a "pipelined" 
system organization similar to that shown in figure 20. 
Test conditions were based upon results of previous 
microcycles and a fixed microcycle time of 172 nano- 
seconds was used. The pipelined organization allows the 
microcycle period to be reduced by 48 nanoseconds less 
than the cycle time for System 1. 

System 3: This system was the same as System 2 except 
that test conditions based upon results of the current 
microcycle were used and the technique of predicting 
test condition results was utilized. The microcycle 
period was fixed at 172 nanoseconds. The time necessary 
for the result of the current operation to propagate 
through the test condition multiplexer and determine 
whether an extended cycle was needed did not require 
a longer period than the 172 nanoseconds established by 
the operation needed by the multiply instruction. An 
extended cycle adds 86 nanoseconds (one half micro- 
cycle) to the normal microcycle period. 

System 4: This system was the same as System 2 except 
that a variable microcycle period was used. Test condi- 
tions were based upon the results from the current 
microcycle; however, no prediction of test conditions 
with an extended cycle for incorrect prediction was 
performed. Instead, those microinstructions which 
required more time to allow for propagation of the 
result through the test condition multiplexer and 
sequence controller were simply programmed to be of 
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longer duration. Microcycle periods of either 103, 137, 
172, or 206 nanoseconds could be used depending upon 
the needs of each microinstruction. A conditional 
branch based upon the result of an arithmetic operation 
requires 235 nanoseconds with this system organization. 
This time exceeds the period of the longest available 
microcycle (206 nanoseconds). However, the condi- 
tional branch may be executed with adequate time 
margin by repeating the arithmetic operation on two 
successive microcycles: one of 130 nanoseconds 

followed by one of 137 nanoseconds — a total of 240 
nanoseconds. Although this approach of repeating the 
arithmetic operation may require more microcode loca- 
tions, it does offer even greater flexibility in tailoring 
the microcycle period to the needs of the operation 
being performed. 

System 5: This system combines the techniques used in 
Systems 3 and 4. Variable length microcycles (103, 137,' 
172, or 206 nanoseconds) could be used. The technique 
of predicting test condition results was used and, when 
the cycle was extended due to an incorrect prediction, 
an additional 86 nanoseconds were added. 

Table 2 shows the instructions typically used in a mini- 
computer that is configured in one of the foregoing 
system organizations. The execution times specified in 
table 2 for each instruction type were derived by using 
the execution time of System 1 as a baseline reference. 
The relative execution speed for each of the five systems 
can best be appreciated by examining the data given in 
table 3. 

The instructions (described below) were chosen for a 

variety of reasons: 

1. LD, JMP, and ST (Load, Jump, and Store) were 
chosen because they are among the most frequently 
used instructions, and thus are ones for which execu- 
tion time optimization is quite important. Since 
these instructions do not involve test conditions 
based upon results of ALU operations, note that the 
technique of prediction does not improve the execu- 
tion time. 

2. JSR and BOC (Jump to Subroutine and Branch on 
Condition) are frequently used instructions. They 
were chosen in order to illustrate the advantages of 
prediction of test condition results. For JSR, it was 
assumed that the test condition result was always 
predicted correctly (i.e., no stack out of bounds 
occurs). For BOC, it was assumed that the test condi- 
tion result was predicted correctly 50% of the time. 
The two values given for BOC correspond to the cases 
where: (a) there is no branch and (b) the branch 
occurs. 

3. ADD and MOVE were chosen primarily because they 
are used by some as a figure-of-merit for machine 
performance. The figure shown for MOVE is the time 
needed for each pass through the loop which reads 
data from one location in memory and stores it in a 
second location. The advantage of the technique of 
prediction of current test conditions from previous 
microcycles does not show up in the figures shown by 
JSR and MOVE. This is because it was possible to 


Tabla 2. Instruction Execution Time (ns) with Various System Organisations 




Instruction Type 




System Organization 

LD, 
JMP, 
& ST 

JSR 

BOC 

ADD 

Loop for 
MOVE 



System 1 — non-pipelined; 

test condition from previous pcycle 

920 

1610 

920 or 
1150 

920 

920N 



System 2 — pipelined; no prediction; 
test condition from previous jucycle 

688 

1204 

688 or 
860 

688 

688N 



System 3 - pipelined with prediction; 
test condition from current /ucycle 

688 

1204 

559 or 
731 

688 

688N 



System 4 — pipelined; no prediction; 

variable length pcycle; 

test condition from current pcycle 

480 

960 

482 or 
619 

549 

617 



System 5 — pipelined with 
prediction and variable /ucycle length 

480 

892 

412 or 
549 

549 

54 9N 



Nota: The reason JSR & Loop for MOVE don't improve with System 3 is that a way was found to write a 
code without an extra cycle. 



Table 3. Relative Instruction Execution Rate with Various System Organizations 
(Execution speed as a speed improvement factor of System II 




Instruction Type 



System Organization 

ld, 

JMP, 
& ST 

JSR 

BOC 

ADD 

Loop for 
MOVE 



System 1 — non-pipelined; 

test condition from previous /ucycle 

1.0 

1.0 

1.0 or 
1.0 

1.0 

1.0 



System 2 — pipelined; no prediction; 
test condition from previous /ucycle 

1.34 

1.34 

1.34 or 
1.34 

1.34 

1.34 



System 3 - pipelined with prediction; 
test condition from current /ucycle 

1.34 

1.34 

1.64 or 
1.57 

1.34 

1.34 



System 4 - pipelined; no prediction; 

variable length /ucycle; 

test condition from current /ucycle 

1.91 

1.67 

1.91 or 
1.85 

1.67 

1.49 



System 5 — pipelined with 
prediction and variable /ucycle length 

1.91 

1.80 

2.23 or 
2.09 

1.67 

1.67 
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write the microprogram with the same number of 
microinstructions for both systems. This was not the 
case with BOC, where an additional microinstruction 
was needed in order to conform to the requirement 
that test conditions be based upon results of the 
previous microcycle with System 1 and System 2. 

Conclusions 

Execution time calculations were made for a system 
where the macro-level instructions and data are stored in 
a (main) memory with very fast access time. Thus, it is 
assumed that it is not necessary to extend the clock 
cycle when reading from main memory. Although this is 
frequently not a valid assumption, it was necessary in 
order to simplify the presentation of results. If the 
memory access time is significant (say, greater than 200 
nanoseconds), the relative improvement which can be 
obtained with the system organizations described here 
is somewhat less impressive. This is because the main 
memory access time may be overlapped to a greater 
extent with the system organizations having longer 
microcycle times. The overlapping is particularly impor- 
tant for those instructions which make multiple memory 
references, that is, LD and ST instructions require two 
memory reads, whereas the JMP instruction requires 
only one memory read. Conclusions may be drawn 
based upon a study of the results presented in table 3. 
Observe that the technique of using a variable micro- 
cycle period provides an impressive improvement in 
performance. Of course, this is a direct result of the 
fairly wide range of time intervals required for the 
various micro-operations presented in table 1. When the 
micro-operations which are performed most frequently 
can use the short execution cycle, the performance 


gained from the variable microcycle period has the most 
impact on overall throughput of the machine. When 
designing a machine with variable microcycle periods, 
the clever designer will concentrate his efforts toward 
speed optimization for the most frequently performed 
micro-operations. It may be possible to save hardware 
costs by allowing the microcycle time required for the 
infrequently performed operations to be longer. Thus, 
the variable-length microcycle approach to design offers 
design freedom which can possibly reduce costs as well 
as improve performance. 

Timing Generator Design Example 

A timing generator which has been designed to meet 
the general objectives discussed in the preceding para- 
graphs is shown in figure 21. This circuit generates one 
of two clock intervals (oscillator period x 4 or x 6) under 
microprogram control. A variation of this basic idea but 
providing a choice of four clock periods (4, 5, 6, or 7 
times the basic oscillator period) is shown in figure 22. 
The circuit also provides for comparing the output of 
the test condition multiplexer with a predicted value 
(from the microprogram ROM). If the actual test multi- 
plexer output does not match the predicted value, the 
clock period is extended (by 3 oscillator periods) and an 
alternate set of inputs to the sequencer logic is provided. 

The key element of the circuit is a 74S195 shift register. 
Use of Schottky circuits allows operation at an osciUator 
frequency up to 33 MHz. This permits the generation of 
a microcycle period of 120 ns with programmable incre- 
ments of 30 ns (for the clock generator which provides 
four programmable clock intervals, this would allow 
clock periods of 120, 150, 180, and 210 nanoseconds). 



Figure 21. Two-Interval Programmable Timing Generator 
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Figure 22. Four-Interval Programmable Timing Generator 


The operation of the timing generator is best understood 
by reference to the state diagram shown in figure 23. 
Transitions from one state to another are made on each 
rising edge of OSC. The state of the shift register 
(QaQbQcQd) along with the state of CLK (the system 
clock) is specified in the state diagram. Assume that the 
clock (CLK) has just made a 0-to-1 transition indicating 
the start of a new microcycle ( 1 1 10, CLK= 1 ). EXTEND 
is a logic 0. The new outputs of the microprogram 
register then become valid resulting in the new values 
for Cycle Select (CS). (CS is a 1-bit value for the 
2-interval circuit and a 2-bit value for the 4-interval 
circuit.) Cycle Select (CS) determines the state transition 
after CLK has been high for almost two OSC periods and 
thereby programs the duration of CLK. This is achieved 
by parallel loading the shift register with the desired 
value. State transitions then occur as determined by 
shifting the DM74S195. The clock input to the flip-flop 
which generates CLK is provided by the Qq output of 
the DM74S195. CLK goes low when the DM74S195 


reaches the 1010 state. On the next negative-going 
transition of Qq, after CLK has been low for almost 
two OSC periods, the SETCLK output of the 
DM74S158 2:1 multiplexer determines whether CLK is 
set (the case when TMUX, the output of the test condi- 
tion multiplexer is the same as PTMUX, the predicted 
value of TMUX) or CLK remains reset (corresponding to 
the case where TMUX is different from PTMUX). If 
CLK is set at this time, the sequence which was described 
above repeats in the same fashion. On the other hand, 
if TMUX was not predicted correctly, CLK will remain 
reset, and EXTEND will go to a logic 1. This causes the 
DM74S158 multiplexer to select the alternate set of 
inputs to the micro-sequencer logic (So, S i , and FE) and 
causes SET CLK to go to a logic 1. After EXTEND has 
been active for three OSC periods (thus providing time 
to allow for propagation through the sequencer logic and 
microprogram ROM access), Qq will make another 
negative-going transition, and CLK will be set, which 
in turn causes EXTEND to return to its logic 0 condition. 
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Figure 23. State Diagram for Four-Interval Programmable Timing Generator 
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Bit-Slice Microprocessor 
Design Takes a Giant Step 
Forward with “Schottky- 
Coupled-Logic” Circuits 


National Semiconductor 
Application Note 203 
July 1978 



A new four-bit slice “Schottky-coupled-logic” design 
combines the flexibility of the Industry standard 2900 
microprocessor architecture with advanced LSI pro- 
cessing. It implements low-power . Schottky TTL 
circuitry on the same devices as a proprietary TRI- 
STATE™* emitter coupled logic design to achieve a 
30 to 50 percent improvement In speed with no 
increase in power dissipation. It also allows the use 
of advanced “pipeline prediction” techniques in 
microprogram control design to significantly reduce 
microcycle times. 

In most computer applications, cost, speed, power 
consumption and utility are the key factors. In some 
applications cost Is the dominant consideration. In 
others it is speed or power consumption. 

In bipolar four-bit slice microprocessor-based sys- 
tems, this is particularly true. To date, however, 
designers have had to make a choice between the 
high speed of emitter coupled logic or the low power 
consumption and low cost of low power Schottky 
TTL four-bit designs such as the industry standard 
2900 series. 

But with current approaches it has not been very 
practical to have both. 

If the designer chose an ECL design, he paid a price 
for the high speed with higher power consumption 
and loss of board design flexibility. If one of the LS 
bipolar 2900 designs currently available was chosen, 
low power could be achieved, but only at the price of 
considerably reduced system throughput. 

Now, however, computer system designers can have 
both ECL-type speeds and LS bipolar power con- 
sumption. Using a new advanced “Schottky-coupled- 
logic” technique that combines low power Schottky 
circuitry on the same die as proprietary low power 
TRI-STATE ECL circuitry, the IDM2900 series of four- 
bit slice microprocessor components has been 
developed by National Semiconductor Corporation. 

With this patented "SCL" technique, devices have 
been fabricated which are 30 to 50 percent faster 
than comparable 2900 designs now available. At the 
same time power consumption is slightly less than 
that for present LS bipolar designs and one third of 
that required for ECL-based designs. 

The substantially increased system throughput 
made possible by this new series of SCL implemen- 
ted IDM2900 parts means a number of advanced 
computer designs can be considered which were not 
possible before. For example, advanced "pipeline 
prediction” techniques in microprogram control 
design can be used to significantly reduce micro- 
cycle times. 


An interesting byproduct of this approach is that this 
is the first ECL-based four-bit slice family to meet the 
military requirements over the military temperature 
range. Indeed, the new series shows even less perfor- 
mance degradation over the military temperature 
range than some of the standard LS bipolar parts 
now available. 


A 60 Nanosecond Slice 

The process and circuit improvement that have been 
achieved are the most apparent in the IDM2901 , 
which boasts an average microcycle time of only 60 
to 70 nanoseconds, a 100% improvement over exist- 
ing LS bipolar designs. Power consumption, 
however, is about the same, only 800 milliwatts for 
the entire device. Also available is an even faster 
version — the IDM2901A-1 — with a microcycle time 
of only 50 to 60 ns, and no increase in power con- 
sumption. 

As with other implementations of the 2900 architec- 
ture, the IDM2901 is the key element in this high 
speed family of four-bit slice components. Designed 
as a high speed cascadable element intended for use 
in CPUs, peripheral controllers, programmable micro- 
processors and numerous other applications, the 
IDM2901 consists of a 16-word by 4-bit two-port 
random access memory, a high speed arithmetic 
logic unit and the associated shifting, decoding, and 
multiplexing circuitry. (See figure 1.) 

Indeed, except for that most important parameter — 
speed — the IDM2901 is plug compatible with any 
LS' bipolar implementation of the same architecture 
now on the market. But plug in replacement and raw 
speed improvements are just part of the story. As can 
be seen from tables 1 and 2, the IDM2901 , for 
example, has improved significantly almost every 
timing parameter possible. The read/modify/write 
cycle is 42 percent less, the maximum clock 
frequency 68 percent greater. Execution time for a 
typical operation, such as an add and shift (multiply) 
is 95ns maximum and 60ns typical, a significant gain 
over previous 2900 implementations. (See table 3.) 
Used in a typical design, system microcycle time is 
in the 100 to 150ns range, about one half to two 
thirds that of previous LS bit slice implementations. 

These circuit and process improvements have been 
implemented in many of the standard components 
needed to build a system based on the 2900 bit slice 
architecture. In addition to the IDM2901 , nine other 
standard parts have already been introduced. These 
will allow system designers to take advantage of the 
increased speed. 

*A trademark of National Semiconductor Corporation. 
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Figure 1. Block Diagram 


Using some of the standard parts in the IDM2900 
family, a typical 16-bit controller function can be im- 
plemented with a system microcycle time of about 
140ns. This represents about a 30 percent improve- 
ment over that achieved with LS bipolar devices. 
Using the high speed IDM2901A-1, system through- 
put can be reduced to about 120ns. Using the pro- 
prietary parts added to the family, the same 
functions can be done in even less time, about 120 
and 100ns, respectively. 

Figure 2 shows a very simple, very fast state 
sequencing controller designed using IDM2900 
family parts. It has no arithmetic capability, but 80ns 
clock intervals can be used. A less complex control- 
ler is shown in figure 3. It utilizes the IDM2901 for 
its data storage and arithmetic or logic generation. 
The IDM2911A is used as the state sequencer for this 
controller since its speed and subroutine stack can 
be used to advantage in the application. 

LS + ECL = SCL 

To achieve this combination of ECL speeds and LS 
bipolar power consumption, several techniques are 
used. One is to use low power Schottky circuitry in 
the periphery of the chip for input/output and inter- 
facing to external TTL levels and the ECL internally 
— a technique commonly used in some bipolar 
memories. (See figure 4.) 


Traditionally, ECL to TTL translators are slow unless 
considerable power is applied. In the IDM2900 family, 
however, the ECL speeds are retained, but at no cost 
in additional power, thanks to a TRI-STATE translator 
circuit technique that transforms the 0.7 volt ECL 
levels to 5 volt Schottky levels. This technique elim- 
inates the slow and power consuming buffer transis- 
tors that usually do the job, and the translators can 
drop off to one third their active power with no loss in 
speed. Using this TRI-STATE translator technique, 
the extra 60 to 65 percent in power that would have 
been consumed is pumped instead into the portions 
of the device that require it; specifically, the ECL 
core circuitry. 


Table 1. Percentage Improvement In Cycle Time and 
Clock Characteristics 


Time 

IDM2901A 

Read-Modify-Write Cycle 

40% less 

Maximum Clock Frequency 

6% 

Minimum Clock Low Time 

same 

Minimum Clock High Time 

same 

Minimum Clock Period 

40% less 
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Table 2. 

Percentage Improvement 

In Maximum Combinational Propagation Delays for IDM2901A and IDM2901A-1* 
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The output translators use both linear and digital 
techniques. Differential ECL signals are translated 
using a differential current amplifier where the differ- 
ential output voltage is changed to a differential 
current and then back to an output voltage. This 
drives a phase splitting transistor used to, in turn, 
drive the output circuitry in the periphery. Key to the 
operation of these translators is the use of an 
improved TRI-STATE logic buffer circuit character- 
ized by a current mirror transistor having its base and 
emitter, respectively, connected to the base and 
emitter of the phase splitter transistor, and its collec- 
tor connected to the voltage supply terminal. (See 
figure 5.) The emitter size on the current mirror tran- 
sistor is about twice that of the emitter size of the 
phase splitter transistor. 

The current mirror transistor supplements the drive 
current that is provided by the phase splitter transis- 
tor to the pull-down output transistor. This permits a 
higher resistance to be connected between the 
voltage supply terminal and the collector of the 
phase splitte transistor without diminishing the 
drive current to the pull-down output transistor. By 
connecting a higher resistance, the power for the 
circuit is reduced when the output is in its disabled 
state. 

An additional advantage realized as a result of the 
current mirror transistor base and emitter connected, 
respectively, to the base and emitter of the phase 
splitter, and its collector to the supply voltage 
terminal, is a faster dynamic response in the 
conduction state of the pull-down output transistor 
to a change in the level of the digital data input 
signal. This occurs due to the selective use of the 
Miller feedback effect to cause a beneficial ratio 
change in the current mirror pair during a dynamic 
transition. Miller feedback occurs on the phase 


splitter transistor because its collector is coupled to 
the voltage supply through a resistance, and is 
absent on the current mirror transistor because its 
collector is directly connected to the voltage supply 
terminal. As a result, with the onset of the transition 
in the digital data input signal, as received from the 
collector of the input transistor, the current ratio 
between the current mirror and phase splitter 
transistors is even greater than the ratio of the 
respective emitter sizes. 

Internally, the ECL logic has level translators on each 
input. This necessary circuitry achieves not only the 
level translation, but also has a very desirable input 
level sensitivity. As can be seen in figure 6, the trans- 
lator is similar to a differential amplifier whose 
internal reference is stable. The result is very abrupt 
transfer characteristics on all input signals, and, 
thus, very fast switching speeds. 

Improved Computer Design 

The substantially increased system throughput 
made possible by this new series of SCL-implemen- 
ted IDM2900 components means a number of im- 
proved bit slice processor designs can be considered 
which were not possible before. 

Compared to simple control applications, there are a 
number of other factors to be considered when using 
IDM2900 series devices in more complex processor 
systems. The general changes which take place 
relate to special handling of data and address 
outputs and data inputs. The IDM2901 ’s register 
and ALU elements are no longer sufficient, 
especially when data and address word lengths grow 
from 8 to 16 bits or greater. Special functional 
elements are generally added, and include: input and 
output data or addressing registers, sign extend of 
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Table 3. 

Maximum Throughput Comparisons for Add and Shift 


Function 

IDM 
2901 A-1 

IDM 
2901 A 

AMD 
2901 A 

AMD 

2901 

A or B -*■ G or P 

45 

60 

65 

80 

74S182 Delay 

10.5 

10.5 

10.5 

10.5 

Cin ■* RAM 0 

35 

35 

50 

55 

RAM Setup Time 

15 

20 

25 

55 

Total 

105.5 

125.5 

150.5 

175.5 

Percent Change 

40% 

28% 

14% 

0% 


data, and instruction decode, as well as shift and 
rotate control, and multiply functions. Also, special 
processor status registers are quite often added, as 
well as the unique controls for these elements. 

Some special thought applied to these areas can 
reduce the parts count considerably and Improve 
processor performance when using IDM2900 
components. 

The sign extend function is a good example of what 
can be done. Sign extension of a data word can be 
accomplished in a number of ways. But what the 
designer of the processor would prefer is to Imple- 
ment the function with the fewest possible parts and 
at the fastest data inputs. The first solution that 
comes to mind is the use of multiplexers, as shown 
in figure 7, which allows data to be fed through the 
multiplexer to D inputs of the IDM2901' s. The 
control function which steers the data to the P input 
representing the bit which needs to be extended 
normally comes from the microprogram store. The 
added delay using this path is 12ns or more if parts 
slower than the DM74S157 are used. For each 4 bits 
of data to be modified an additional component is 
required; 2 parts for 8 bits, 3 parts for 12 bits and 4 
parts for 16 bits. 

The IDM2900 family, however, allows consideration 
of a number of other ways to do sign extension that 
require fewer parts and are less expensive and 
faster. 

One is to use the carry input to accomplish a sign 
extend. But to use this input one must subtract "I" 
from “0" conditionally If the sign bit is a "I" and the 
opposite if it is a “0.” But the problem arises as to 
how to obtain a value “0” in a register, an impos- 
sibility. 

But the same effect can be achieved If the same 
address location Is placed upon both the A and B 
address inputs. The source code is then used to 
select A and B and the function code for subtract. 
Now, If a carry input is a “1” the result Is a “0" and if 
the carry input is a “0" the result is an all “Is” sign 
extend result. This technique can propagate for as 
many packages as necessary since the carry logic is 
necessary for other functions and is already 
included. 


An easy method of Inserting the conditional carry 
with the IDM2901 is to use the IDM2902 In a manner 
that is different from standard LS bipolar designs. 
Instead of connecting the carry Input of the 2902 to 
the microcontrol carry from ROM, it is connected to 
the carry out of the least significant IDM2901 
package. Note that this is just as fast as the pre- 
viously suggested connections since the G and P are 
only slightly faster than the carry out of the least 
significant IDM2901 . Doing this allows one free G 
and P Input to be available at the second level, as 
indicated In figure 8. 

It is only necessary to connect an AND gate to the 
input and sign extend is accomplished. The lower 
bits which want to be entered without modification 
need only be applied to the D inputs and a source 
code selected to perform a D minus 0 transferred to 
B. The most significant package group produces A 
minus B where A and B are as described before. An 
all-ls or all-Os result is obtained dependent upon the 
value of the data bit to be extended. The result is a 
sign extension with three fourths of a package for 
any sign extend, achieved at no loss in normal cycle 
time. This is because a carry input change cart occur 
later in a cycle than a change of D. 

Performing a Multiply 

Most of the time the name of the game In computer 
processor design is speed. Nowhere is this more true 
than when it Is necessary to perform a multiply. This 
is because the multiply determines the longest cycle 
time If performed In the normal manner. This is 
because more than one path through the 2901 is 
utilized. Passage through several external com- 
ponents is usually required and this must also be 
added to the solution time. However, with the use of 
high speed components in the IDM2900 family it is 
possible to circumvent and shorten this path, and 
thus shorten the multiply cycle time. 

How this is done Is clearly understood only by 
referring to a specific example. Let’s assume the 
problem is to perform a multiply of two signed 16-bit 
values. 
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Figure 3. Small High Speed 8-Blt Controller with One Level of Subroutine Capability. 
This solution can run at 100ns cycles. 


After this, the A and B register file addresses do not 
change and therefore do not enter into the timing 
equations. The much faster response time of an 
added D flip-flop saves a great deal of time in each 
microcycle of the multiply add and shift operation. 

Since the A and B inputs do not change the critical 
path is from the D register output into the I 0 i 2 inputs 
and through the IDM2901 As in a normal add and shift 
operation. Using the Q flip-flop, 20ns is saved, and 
using the I 012 input, 10ns is saved in each of the 16 
cycles of the 1 6-by-1 6 multiply. This is all that is 
necessary for a positive signed multiplicand. But if a 
negative result is required, an additional path must 
be added. 

The two possible paths in the most significant 
IDM2901A package are from C n to RAM 0 output or 
from C n to Overflow or F 3 and through the additional 
exclusive-OR gate and multiplexer input to the RAM 3 
input. The maximum time delay path is 20ns from 
overflow and F 3 outputs back to the RAM 3 input for 
'the most significant 2901 A package. 


Figure 8 is the circuit as implemented using IDM2900 
devices with the two multiplexers (74S253) and a D 
flip-flop (74S74). Using IDM2900 components and this 
technique, the multiply is performed 30 to 70 
nanoseconds faster per cycle than with standard LS 
bipolar bit slice parts. This is a total speed 
improvement of 480 to 1,120ns. 

An additional significance to the design is that 
special multiply cycle time intervals are not required. 
This operation, therefore, makes possible a pro- 
cessor or controller with a less complicated clock 
control circuit. 

Note that in figure 8 there is an extra stage of regis- 
ter storage in the Q register (D type flip-flop), 
compared to traditional designs. It is therefore 
necessary to shift Q one time without shifting the file 
register. 

Since it is necessary to clear the partial product 
register, the Q register is shifted the first time so as 
to get the least significant bit into the extra storage 
location. 
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Using standard techniques common to previous 2900 
designs, only 15 conditional adds, followed by a shift 
and one conditional subtract and then a shift, are 
required to do a signed multiply in 2s complement 
notation. The resultant data paths required for this 
solution are as follows: 


START 

(FUNCTION, TIME) 



RAMj SETUP, 20 m 


TOTAL TIME. MAX -148 ns 

But if the circuit described in figure 8 Is used, and the 
A and B address lines are set up one cycle ahead of 
the multiply sequence, the following timing compari- 
son, using IDM2901A-1s instead of IDM2901AS, 
prevails: 

START 

I 

CLOCK TO Q, 8 ns 

I 

MUX, 9 nj 

J 

1 01 2** G/F, 30 ns 

I 


I0M2902. 12 m 



RAM 3 SETUP, 15ns 


TOTAL TIME. MAX- 116 ns 

A net savings of 32ns per microcycle is thus 
achieved with this change. It can now be seen that 
sometimes it pays to add a flip-flop in certain 
locations to achieve higher performance so as to 
achieve a simpler solution in other areas. Here, a 20 
percent reduction in cycle time was achieved. 

Improving Microcycle Times with Pipeline Prediction 

Perhaps the most important aspect of National’s 
IDM2900 family of high speed, low power SCL com- 
ponents is the impact on how microprogram state 
sequencing is implemented in bit slice designs. The 
ultimate result will be further improvements in micro- 
cycle times beyond anything now, possible with 
present 2900 bit slice families. 




Figure 5. 


In the very earliest use of state sequencing — In 
minicomputers and larger systems — operations 
were performed in series, one after the other, and the 
microcycle was defined as the sum of the operations. 
(See figure 9.) Still in use in some designs today, in 
this approach a state sequencer increments to the 
next state or branches to a next state depending on 
the logic level of the test input. In this solution the 
controller timing is from the clock edge of the con- 
troller register/counter through microcontrol storage 
(ROM) and the processing elements (2901s), then 
back through the next state decision tree to the 
controller-register counter. 

The second approach is called "pipeline micro- 
coding,” and Is an approach commonly used In bit 
slice systems such as the standard LS bipolar 2900 
family. (See figure 10.) In this solution the microcon- 
troller loop timing is operating in parallel with the 
execution of the processing component section. 
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Figure 7. Sign Extend Using Multiplexers 


During the time an arithmetic operation is being 
performed, the next microcontrol word is being set 
up for use by the microcode. The microcode for the 
present register/ALU operation occurs during the 
previous operation. The use of the register between 
the output of the microcontrol store and the 2901s 
allows the two sections to function with overlapped 
timing. The result of this type of micro-sequence 
control ls*a faster machine cycle time than used in 
the totally serial mode of operation. 


Also required In this mode of operation is the 
absolute knowledge of the next state control one 
cycle before the execution of the 2901 cycle. It Is 
therefore difficult to implement a number of succes- 
sive conditional next state decisions. This type of 
microcontroller is said to be operating in a “pipeline” 
mode in that the next state microcontrol Is being 
obtained during the time the previous one is being 
executed. 

Using SCL-implemented IDM2900 components In- 
stead of LS bipolar bit slice devices in this approach 
results in a 65 to 75 percent reduction in the register/ 
ALU portion of the microcycle. In spite of this, total 
microcycle time may be reduced only 40 to 50 
percent. This is because the microcycle time is deter- 
mined by the length of the longest operation, which 
in this case can be the delay in the microcode 
portion. 

To get the full benefit of the high speeds inherent in 
National’s SCL family therefore means abandoning 
the traditional approach to pipelining used in 
previous 2900 bit slice designs. What can be used 
instead is a different technique — pipeline predic- 
tion — which allows a reduction in the microcode 
portion of the microcycle so that It Is equal to or less 
than the reglster/ALU setup time. The relative timing 
comparisons between these four approaches are 
shown in figures 11 A through 11D. 

The "pipeline prediction” controller functions in 
much the same way as the standard pipeline config- 
uration except that it can also accept any number of 
successive conditional next state decisions in a row. 
This microcontroller "pipelines” microcontrol 
sequences in much the same manner as the previous 
design and for the same reasons. But shorter micro- 
cycles can be obtained due to the fact that during 
any microcycle the most predictable next cycle is 
being set up. But should the test of the next state 
decision be different from the one predicted, then the 
alternate state is conditioned and the microcontrol- 
ler and the data system pass through a correction 
Interval. 

This design makes next state decisions within the 
same cycle as microcontrol of the IDM2901 . Figure 
12 shows a "pipeline prediction” technique where 
the next state is a choice between two states. This 
means one state is predicted, and if incorrect the 
second choice is used. The microcycle is either 
delayed or an additional cycle is inserted. 

There is no real reason why the design must be 
limited only to two next state condltons. Any number 
may exist. It Is only necessary to predict the most 
probable next state and correct it if necessary. Most 
next state decisions are known to a high probability 
of occurrence. The additional cycle time added for 
the few times an incorrect prediction is made is 
extremely small compared to the total microcycle 
time saved. Additional speed is obtained with this 
technique since it minimizes the number of states 
through a control sequence. 

Finally, pipeline prediction requires no Increase in 
the number of components to achieve these In- 
creases. 
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Figure 9. The Simple Microcontroller 
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Figure 10. Microprogrammed Architecture Around IDM2901s 
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Figure 11. History ol the Microcycle 


Future Trends 

By using higher speed parts such as the IDM2901 A-1, 
greater improvements in throughput are possible. 

And in the future there is the possibility of even 
further improvements, particularly on the chip 
processing level. The present components in 


National’s IDM2900 SCL family have been designed 
with exceedingly liberal design rules. In spite of that, 
the chip area on the IDM2901 , for example, is equal 
to or less than that of some of its LS bipolar counter- 
parts. 


What this means is that there is inherent in the SCL 
•technique the possibility of further improvements in 
density and integration — combining of many bit 
slice functions onto fewer and fewer chips — while 
maintaining speed. 


It's not unreasonable to expect speeds on SCL-type 
bit slice 2901A parts to be in the 40 to 50ns range by 
the end of the decade and system throughput figures 
to be in the 80 to 90ns range. Even though SCL micro- 
cycle times at the component level may not match 
pure ECL-implemented parts, the system improve- 
ments allowed by the lower power may ultimately 
result in the design of systems with throughputs far 
in excess of what is possible with emitter coupled 
logic — at much lower power and cost. 


\ 
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With the advent of higher speed versions of the 
industry standard 2900 bit slice microprocessor 
family, numerous options are now available to the 
system designer. 

Using traditional approaches to bit slice system 
design, even the simple replacement of low speed, 
low power Schottky devices with a higher speed part, 
such as the IDM2901A-1, means an improvement in 
system throughput of 30% to 50% (Tables 1A and 
1 B). More importantly, these high speed parts mean a 
number of advanced computer designs can be 
considered, resulting in greater flexibility in making 
design tradeoffs between speed and parts count. 


Table la. Maximum Cycle Time to STATUS Outputs* 


Function 

IDM2901A-1 

IDM2901A 

2901 A A or B to G or P 

45ns 

60 ns 

74S182 G or P to 
Carry Out 

7 ns 

7ns 

2901 A C in to F0, F3, C4 
or OVR 

30 ns 

40 ns 

Total 

82 ns 

107 ns 


‘Add applicable pipeline register timing. 


Table 1b. Maximum Dedicated Signed Multiple Cycle 
(Conditional Signed Add and Shift) 


Function 

IDM2901A-1 

IDM2901A 

74S74 Clock to Out* 

9ns 

9ns 

2901 A 11 to G or P 

30 ns 

45ns 

74S182G or P to C Out 

7ns 

7ns 

2901 A C jn to F3 or OVR 

25 ns 

30 ns 

74S86 Propagation Delay 

10.5ns 

10.5ns 

2901 A RAM Setup 

•15 ns 

20ns 

Total 

96.5 ns 

121.5ns 


‘Use a 74S74 as Q0 output, then connect inverted 74S74 
output to II to realize a 19ns saving. 


To take advantage of these high speed parts, an 
equally fast microcontrol loop is required, so that 
this portion of the system is a help and not a 
hindrance in increasing total throughput. 

A number of microcontroller loop circuit .configura- 
tions have been developed to take full advantage of 
these high speed parts. The choices are by no means 


exhaustive. Their purpose is to serve as an example 
for the designer; a starting point from which new 
designs can be developed. 

MICROCONTROL AND THE MICROCYCLE 

The object of the microcontrol portion of a processor 
or controller is to access the next control word to be 
used by the register/arithmetic-logic unit. The 
microcontrol portion includes a microstore of control 
words and a next state sequencer. Control words are 
fetched from microstore addresses as selected by 
the next state sequencer. Microstore addresses may 
be generated by incrementing, branching, etc., the 
next state sequencer being directed by a portion of 
the control word and by the logic level of a test input. 

The microcontrol portion has to set up the next 
control word as quickly as possible, but otherwise 
stay out of the way, allowing the register/ALU portion 
to run at its maximum speed. 

Today, this is not as easy as it was in the past. With 
LSI register/ALU units, such as the IDM2901A-1 or the 
IDM2901 , capable of speeds in the 100 to 125 
nanosecond range, even the most complicated 
operations, such as multiply and devide, are fast 
enough to push most present day microcontroller 
designs approaches to their limits. Therefore other, 
higher speed approaches must be considered to take 
full advantage of the higher speed register/ALU's. 

The first approach to microprogrammed system 
design — the very earliest use of state sequencing 
was utilized in early minicomputers and even some 
larger systems. Operations were performed in series, 
one after another (Figure 1 Phase I), with the 
microcycle being defined as the sum of the separate 
sequencer and register/ALU operations. 



Figure 1. History of the yCycle 
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This solution, still in use today in some designs, routed 
controller timing from the clock edge of the controller 
register/counter through microcontrol storage, through 
the processing elements, then back through the next 
state decision tree to the controller register/counter. 

The second approach, called pipeline microcoding, is 
an approach commonly used in bit slice systems. In this 
solution the microcontroller loop timing operates in 
parallel with the execution of the processing 
component section (Figure 1 Phase II). During the time 
an arithmetic/logic operation is performed, the next 
microcontrol word is being accessed. The microcontrol 
word for the present register/ALU operation had been 
selected and accessed during the previous microcycle, 
and is currently held in a pipeline register. 

This type of microsequence control results in a faster 
machine cycle than is achievable in the totally serial 
mode employed in the first approach. It may not 
however, achieve machine cycle times consistent with 
the register/ALU cycle times available with today’s 
higher speed register/ALU elements. For example, using 
highspeed components, such as the IDM2900 family, 
results in a 65 to 70 percent improvement in the 
register/ALU path. In spite of this, the resultant total 
microcycle time may be reduced only 30 to 50 percent 
because the microcycie is determined by the duration of 
the longest operation, which, in this casq, is the delay 
required by the microcontrol portion (Figure 1 Phase III). 
Circuits optimized to approach the register/ALU cycle 
time (Figure 1 Phase IV) are required. 

Another problem associated with pipelining is that it 
also requires absolute knowledge of the next state 
control one cycle before the execution of the current 
register/ALU cycle. Therefore, it is difficult to implement 
successive conditional next state decisions which 
require a test of current register/ALU results. This 
problem will also be considered. 

As will be shown, different circuits may be configured 
to minimize microcontrol delay while retaining the 
benefits of bit slice use. While the pipelining approach 
will be used throughout, the circuits will differ in the 
manner in which conditional branch control is achieved. 
Speed and parts count are traded off, while retaining 
the same microsequencing instruction set. 

Three modes of executing conditional branches are 
covered: 

1. Overlapping the conditional branch propagation with 
the execution of a next unconditional microinstruc- 
tion and using a NOP microcycle whenever useful 
work cannot be done in parallel (a NOP is a No 
OPeration microcycle during which the register/ALU 
is prevented from changing its contents). Conditional 
and unconditional microcycle times are equal. 

2. Using the same sequences as above but employing 
different microcycle durations; a shorter one for 
unconditional microinstructions and a longer one to 
allow for the propagation of conditionals. 

3. The pipelining prediction mode, where the 
conditional branch test is overlapped with the 
propagation of its statistically most likely outcome* 
Should this prediction prove to be true, the sequence 
continues; if false, a “pipeflushing" (NOP) one-cycle 


time delay is employed, during which the correct 
control word is allowed to propagate to the 
microcontrol output. 


BASIC CIRCUIT ASSUMPTIONS 

In all cases it is assumed that the machine has a 16-bit 
register/ALU and a 12-bit microaddress. Changing these 
parameters may increase or decrease the relative value 
of a given circuit. 

The following constant time delays will be assumed in 
all circuits: 

1. Microstore Time Delays 

A microstore access time of 50ns and a pipeline regis- 
ter setup time of 5ns are assumed. (This is the minimum 
time required between microaddress validation and 
clocking the pipeline register). 

2. Microsequencer Time Delays 

The "select address” propagation time of the 
microsequencer is the time interval begining when the 
select lines become valid and ending when the desired 
microaddress is available at the microsequencer’s 
outputs. Using the high speed IDM2909/11A, a select 
time of 30ns is guaranteed along with a 45ns clock to 
output (from file) time. 

Thus, the longest total path for the microstore plus the 
microsequencer is: 

50 + 5 + 45 = 100 ns 

This delay represents the calculated limit of the 
minimum time required to perform any unconditional 
sequence. 

The setup time required by the microsequencer’s 
internal registers is easily met in a 12-bit configuration, 
since it calls for a delay time of 

(SqSi to C n + 4) + (C n to C n + 4) + (C n setup) = 68 ns 

which is overlapped by the delay required between SqS, 
and the next system clock. 

The condition-test time delay is circuit dependent and 
will determine how fast, or how slow, the circuit will go. 

This delay includes: 1. the time required for the pipeline 
register to become valid from clock; 2. the selection or 
propagation of the status bit under test; 3. the negation 
or assertion of its polarity, and; 4. the translation of the 
test result and conditional branch data to code 
compatible with driving the microsequencer. 

Since the choices in selecting fast microsequencers 
and microstores are severely limited, the condition-test 
circuitry becomes the prime candidate for user 
optimized logic designs, because it is simple and 
inexpensive, etc. The following circuits attempt to 
minimize, in different ways, the “delay" overhead 
caused by the next state decision. To gain a measure of 
their relative speeds, the delays are compared to the 
calculated minimum for unconditional sequencing, 


23-106 



which is 100ns. A figure of merit is derived by dividing 
the total time delay by 100ns minimum (Table 2). 


Table 2. Microcontrol Circuits Comparison 


Circuit 

Dynamic 

Performance 

Figure of 
Merit 

Parts 

Count 

Relative 

Cost 

1 

158 ns 

58% 

6% 

1.00 

II 

(Note 1) 

(Note 1) 

3% 

1.72 

III 

117/1 66 n s 

17%/66% 

7V« 

1.12 

IV 

114/135 ns 

14%/35% 

7 'A 

1.10 

V 

133ns 

33% 

7 2 A 

0.96 

VI 

108 ns 

8% 

5% 

0.90 

VII 

108 ns 

8% 

6 Vi 

0.97 

VIII 

108 ns 

■ 8% 

7 

1.06 


Note 1: The presently (October 1978) available 2910 has a 
published guarantee ot 100ns from clock to V output on 
instructions 8. 9 and 15. 

The longest data path has not been released. It occurs where 
prior instructions were 4 or 12 or RLD was low. 

The currently available 2910 will need a 207 ns cycle when used 
in Circuit II in order to accommodate its longest data path 
(using calculated guarantees based on lab measurements 
performed on a number of parts). The corresponding figure of 
merit is 107%. 

National Semiconductor's IDM2910A will need a 133ns cycle 
in the same circuit for its longest data path. The figure of merit 
will be 33%. 

The IDM2910A will become available during the third quarter of 
1983. 


CIRCUIT I 

This circuit is the traditional approach to the 
implementation of the microcontrol loop in a pipelined 


configuration. Status outputs of the last register/ALU 
operation determine the micro-control word to be used 
for the next register/ALU operation. 

An IDM29811A next address controller is used to apply 
next address control to the IDM2911A four-bit micro- 
program sequencers. The IDM29811A is controlled by 
four pipeline register bits and one test input. The line to 
be tested is selected by a 74S151 eight-bit MUX as 
determined by the pipeline register. The pipeline 
register also determines whether negation or assertion 
should be performed by the 74S86 XOR gate to make it 
compatible with 29811 logical requirements. 

The lines to be tested (inputs to the MUX) may be the 
results of a varity of functions internal or external to the 
controller. One line is generally tied to a permanent 
logic "I" or "0” so that by selecting it, the pipeline 
register may generate unconditional control of the 
2911 A. Some of the tested lines may carry data 
generated towards the end of the microcycle, such as 
ALU status. These data are stored in a 74S374 TRI- 
STATE® octal D type flip-flop since it has to be used in 
the next microcycle. 

Conditional microcycles may be either overlapped with 
useful work (microprogram permitting) or may be waited 
out by means of a NOP. Total microcycle length 
required by this microsequencer is 158ns and the figure 
of merit is 


Acomparison between this microcycletime (158ns)and 
the register/ALU loop time of 125ns or 105ns for the 
IDM2901 or IDM2901A-1, respectively, reveals that the 
machine's speed is limited by the microcontrol circuit. 
In short, even though the fastest microsequencer com- 
ponent (IDM2911A) was used, this traditional approach 
to microsequencer design is not compatible with higher 
speed, state-of-the-art ALUs. 


STATUS INPUTS 



Microcontroller, Circuit I 
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CIRCUIT II 

One immediate “solution” to the problem outlined 
above, that has been suggested by some manufac- 
turers, is going to a higher level of device integration, 
such as the 2910, which is a 12-bit microprogram 
sequencer designed to replace the 2911A and 2981 1A. 

Conditional microprogramming is achieved here in the 
same way as in Circuit I and the parts count is reduced 
by 50%. However, the longest delay path is the one from 
the clock through the register/counter load to output — 
a guaranteed value of about 100ns. Microcycle time of 
this circuit is 207ns,* its figure of merit is 107% which 
is worse than the circuit it was designed to replace. The 
reduction in parts count, however, may be beneficial in 
those applications where operating speed is less 
important. 

CIRCUIT III 

This circuit utilizes two different clock cycle periods: a 
short one for unconditional sequencing and a longer 
one for conditional sequencing. A 74S157 quad two to 
one MUX and one additional pipeline register bit are 
used in order to provide faster, unconditional next 
address control for the 2911 As. When conditional 
control is required, the path selected by the 74S157 will 
go through the 29811 A. The four pipeline register lines 
will switch from carrying 2911 A code (unconditional) to 
carrying code needed for the 29811 A. Conditional 
microcycles need to be achieved by a clock extended 
microcycle which can either be overlapped with useful 
work or waited out with a NOP. 

Total unconditional microcycle time is 117ns and the 
figure of merit is 17%. For the conditional microcycie 
mode, total time is 166ns and the figure of merit is 66%. 

The overall figure of merit can be determined by 
weighting the calculated percentages according to the 
relative dynamic frequency of conditionals. 

CIRCUIT IV 

Similar to Circuit, III, this circuit differs only in the 
replacement of the 29811 A and the 74S157 with two 
74S158 quad two line to one line multiplexers. Inverting 
outputs have been chosen to gain speed. 


Two 4-bit pipeline register fields are supplied to the 
condition selected 74S158, one of which is used in 
unconditional microsequencing by the 74S158 that 
drives the 2911 A. 

This solution produces cycle times of 114ns and 146ns 
and figures of merit of 14% and 46% respectively, for 
the unconditional and conditional next state cycles. 

Now, by positioning the contents of the two 4-bit 
pipeline fields according to the logic level expected on 
the line under test, it is possible to remove the 74S86, 
eliminate one pipeline register bit to save 11 ns on the 
conditional next state cycle. This reduces the time to 
135ns and the conditional figure of merit to 35%. The 
unconditional figure of merit is unchanged (14%). 
Microprogramming is similar to that of Circuit III. 

Another variation of this circuit is possible by removing 
the 74S158 driving the 2911 A and connecting the 
outputs of the remaining 74S158 to the 2911 A. The 
74S86 may also be removed since the two, 4-bit pipeline 
register fields can be positioned to anticipate the 
desired result. Unconditional microcontrol is achieved 
by placing the same data on both sides of the 74S158. 
Total microcycle time is 129ns for both conditionals 
and unconditionals and the figure of merit is 29% 
(Compare this to the constant-microcycle time Circuit I 
and II). Microprogramming is the same as in Circuit I. 

CIRCUIT V 

This circuit illustrates in yet another way the flexibility 
and advantages obtained by mixing MSI and SSI, in this 
case replacing the 74Sl58’s used in previous circuits 
with 74S151’s. Total timing needed is 133ns with a 
figure of merit of 33%. 

This circuit is included to demonstrate a principle: 
sometimes a faster dynamic performance can be 
obtained by not using more complex circuits, in this 
case PROMs (2981 1 A) and multiplexers. This occurs 
because less complex circuits allow greater freedom of 
design as well as being faster. Complex circuits may be 
slower and they frequently “force” design solutions to 
fit their own logical structure. Compare this circuit to 
Circuits, I, II and III. 


STATUS INPUTS 



Note: Calculated guarantee based on lab measurements performed on a number of presently (October 1978) available 
parts. National Semiconductor's IDM2910A will show a significant speed improvement. (See Table 2.) 

Microcontroller, Circuit II 
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CIRCUIT VI 

This circuit represents a conceptual departure from the 
previous circuits. Although it functions in the same 
manner as the other circuits, here register/ALU 
performance is traded off in favor of the microcontroller 
loop. In other words, certain control loop time delays 
have been shifted over to the register/ALU loop. The 
status line to be tested is selected on the same 
microcycle that originated the status. One 74S74 edge 
triggered FF is used instead of the 74S374’s which 
appear in the previous circuits. 

In effect, the status register is now only one Flip-Flop of 
a faster varity than the 74S374’s and less expensive 
relative to package count. If unconditionals are per- 
formed by setting the two 4-bit pipeline register fields to 
be identical to each other, the 74S86 may be removed as 
in Circuit IV. 

Microcycle time is 108ns and the figure of merit is 8% 
for both conditional and unconditional sequences. It 
should be remembered, however, that 15ns has been 
inserted into the register/ALU loop. Using the 2901A-1, 
this 15ns must be added to the status valid time for a 
16-bit addition of 82ns plus a 9ns clock-to-output pipe- 
line register on the file addresses. This gives a total 
register/ALU microcycle time of: 

82 + 9 + 15 = 106ns . 

which is compatible with the 108ns required for the 
microcontroller portion. 

If the overall solution can be improved by moving time 
from one loop to another, the designer should do it. 

Microprogramming this circuit is slightly different than 
the previous circuits since status generation and 
selection must be made during the same microcycle. 
Overlapping conditionals with useful work can be 
accomplished, or NOPs could be employed. 


CIRCUIT VII 

This circuit employs pipeline prediction to enhance 
speed in performing conditional microsequences. 

Since in the other circuits outlined, the results of a 
register/ALU operation cannot be used to direct the 
operation immediately following it, it becomes neces- 
sary to insert fill-in words or NOPs. Pipeline prediction 
will minimize the number of NOPs required. 

The term "prediction” refers to selecting and 
propagating the statistically most likely outcome. 
Should this prediction come true, the machine will 
continue at the unconditional microinstruction speed. 
If, however, the prediction turns out to be wrong, the 
predicted microcycle is converted to a NOP while 
waiting for propagation of the correct conditional 
outcome. During this waiting period the system will 
ignore the false microcontrol output word. 

In this circuit, the prediction (and its correction, if 
necessary) are controlled by a 74S114 J-K edge 
triggered flip-flop. A logical zero result at the 74S86 
output leaves the 74S114 in the “predict” position; a 
logical “one” causes the device to toggle and to apply 
to the 291 1 A the other choice of control code. This code 
is found in the 74S374, which is used as a one 


microcycle delay in order to preserve the initial code 
during NOP execution. Microcode forces a zero logic 
level at the output of the 74S86 whenever unconditional 
microinstructions are used. This logic level, in turn, 
causes the 74S114 to remain in its "predict” state, 
which is also used to generate unconditionals. 

With this design, it is possible to stack any number of 
conditional states next to one another without confus- 
ing the controller. If all the predictions are correct, the 
machine operates in half the number of cycle times 
than with the previous technique. If all the first choices 
were incorrect, the design still breaks even with the 
previous solutions. 

Generally, a net savings of cycles will result, having the 
same effect as an additional microcycle time speedup. 
This, together with the employed single length clock, 
makes this a very attractive circuit. 

Microprogramming this circuit resembles Circuit VI, 
except that a jump (JMP) may not be predicted if the 
other choice is a continue (CONT). Such a prediction 
would cause an irreversible change in the micro- 
program counter/register. Other changes that may 
occur in the 2911 A stack or address register can be 
inhibited by using the "one” logic level at the 74S86 
output as a means to inhibit the RE and FE lines. 

Total microcontroller cycle time is 108 ns and the figure 
of merit is 8%. 


CIRCUIT VIII 

This circuit is essentially the equivalent of Circuit VII. 
Two 74S251 TRI-STATE® multiplexers have been used 
to decrease the propagation delay on the register/ALU 
side by eliminating the 74S86. Total time and overhead 
are unchanged (108 ns and 8%). 


CONCLUSION 

In less than two years, the 2900 bit-slice family has 
improved microcomputer speeds by 50% to 70%. The 
IDM2901A-1, the fastest part available, allows control- 
ling and number-crunching CPU designs demanding 
less than 100ns per microcycle. 

Faster microcontrol loops are required in order to take 
full advantage of ALU bit-slices like the IDM2901A and 
the IDM2901A-1. 

A few fast microcontrol loop designs have been 
explored, using the versatile IDM2909A/2911A micro- 
sequencer. These circuits are offered as basic 
suggestions, and as starting points for specific 
designs. Since, among other things, the data word 
width, the instruction repertoire and microstore size of 
a CPU will strongly influence the choice of which 
microcontrol loop design is best suited to yield the 
desired speed, price, microprogramming features, etc., 
the final choice must be made by the designer of a 
specific system. 
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Fine Tuning the ALU 
Carry Path 


Most applications information for the IDM2902 Look- 
Ahead Carry Generator Family show three standard 
connections for 16-, 32-, and 64-bit Arithmetic Logic 
Units (ALUs). The three methods are shown in 
Figure 1. 

With ALU cycle times in the 200 ns area, the standard 
connections shown in Figure 1 were quite adequate. 
A 5 to 10ns overall savings did not warrant the time 
spent to examine alternative look-ahead carry 
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methods. However, with the introduction in 1978 of 
the IDM2901A-1, cycle times began to approach 
100 ns. This was further reduced to less than 80 ns 
(for a 16-bit ALU) with the introduction of the 
IDM2901A-2 in 1979. Now, obviously, a 5 to 10ns 
savings is significant and well worth a new look at 
look-ahead carry techniques. The purpose of this 
application note is to do just that and, as will be 
shown, some of the results do not favor the standard 
approaches. 




Figure 1(a). Conventional 16-Bit 



Figure 1(b). Conventional 32-Bit 
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Figure 1(c). Conventional 64-Bit 
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BASIC METHODS 

The basic methods examined in this application note 
can be divided into four categories: 

1. Ripple Carry 

2. Conventional Single Level 

3. Multi-Level 

4. Shifted 

Ripple carry is generally considered to be slow, but at 8 
bits it turns out to be the fastest method. Also, it will be 
shown that ripple carry can be used in combination with 
other methods to eliminate parts while adding very little 
to system cycle time. In most cases, the various 
methods will result in tradeoffs between parts count 
and system speed. It will be shown that some solutions, 
however, generate the highest performance with the 
fewest parts! 

Single-level will be used to describe a system with a 
single layer of look-ahead carry even though technically 
this is a multi-level solution since the ALU itself looks 
across four bits. An example of a single-level approach 
is the 16-bit solution of Figure 1(a). 

The conventional 32-bit connection [Figure 1(b)] is an 
example of multi-level look-ahead. In this approach, the 
carry-in is connected to two IDM2902s. 

The least well known of the four methods is the shifted 
approach shown in Figure 2. Although this results, in a 
slightly slower method in the 16-bit solution shown, 
there are word sizes where it can be the fastest method. 
Furthermore, freeing a set of G, P pins on the IDM2902 
can have advantages in certain applications where sign- 
extension is required. (See Reference 1.) 

As alluded to above, the various methods can be 
combined in a number of ways. The following is a list of 
the various combinations that were examined in this 
study. Almost all were applied to ALU sizes from 4 to 64 
bits to identify the advantages and disadvantages of 
each. These will be summarized later. 


Table I. Look-Ahead Carry Methods 

1. Ripple 

2. C n 

3. Shifted 

4. Chained 

5. Shifted Chain 

6. Two Level 

7. Two Level with Helpers 

8. Shifted Two Level 

9. Shifted Two Level with Helpers 

10. Double Shifted Two Level 

11. Double Shifted Two Level with Helpers 

12. Three Level 

13. Shifted Three Level 

14. Double Shifted Three Level 


FACTORS AFFECTING CHOICE 

Before applying the look-ahead carry methods to the 
various word length ALUs, it may be worthwhile to look 
at some of the factors — other than raw speed — that 
could affect the choice of method. Some of these are: 

1. parts count 

2. board-to-board considerations 

3. board space 

4. sign extend 

5. sequencer cycle time 

6. board layout 

7. word length expansion 

8. different system architectures 

9. current spiking 

While parts count, board space, and board layout are 
more or less obvious considerations, the others deserve 
a brief comment: 

A. Board-to-board considerations refer to those 
systems where half of the ALU is on one board and 
half is on another. Obviously all methods would not 
be readily adaptable to this situation if a sufficient 
number of connector pins is not available. 

B. Sign-extend requirements may favor the method that 
frees a G,P input on one of the look-ahead carry 
circuits. This is explained more fully in Reference 1. 

C. Sequencer cycle time, in a pipelined system, may be 
the limiting factor in overall system speed. Thus, 
saving a few nanoseconds in the ALU may not be 
worthwhile. 

D. Future word length expansion is a consideration if 
several models of the same basic system are 
required. For example, 16 bits of address can 
address 64K words; twenty bits can address 1M 
words. If the ALU is used to compute addresses, the 
carry method optimized for 20 bits may be desirable. 

E. The architecture that was assumed for this study will 
not be used in every system. Thus, the availability 
and timing of input signals, worst-case delay paths, 
and added components will affect the results shown 
in the following section. Thus, each design could 
require a separate study to achieve optimized 
results. 

F. Current spiking is a consideration when one method 
causes several ALUs to change output states within 
a few nanoseconds of each other. If this causes 
system noise problems, perhaps an alternate method 
would be desirable. 


APPLYING THE VARIOUS METHODS 

In the following discussion, the IDM2901A-1 timing is 
used for the register-ALU elements. Because several 
different choices of pipeline register are available, the 
times shown do not include the clock-to-register output 
delay. Finally, the comparisons are based on the time 
required to add two registers and obtain a valid output, 
i.e, A + B - Y. 

4, 8 Bits: Ripple carry is clearly the best from all con- 
siderations and thus no further discussion is necessary. 
Register-to-register add time for 8 bits is 75ns. 
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12 Bits: At present, the conventional single-level 
method Is best (77ns). However, i£ future bit-slices 
feature A,B-*- C n+4 as fast as A,B-* G,P and C n -*• C n+4 
as fast as the IDM2902’s G, P— C n+y , ripple carry can be 
just as fast. (This illustrates the need for designers to 
continually rethink the problem as new parts become 
available.) 

16 Bits: Without considering sign extend, the conven- 
tional approach [Figure 1(a)] is optimum (75 ns). The 
shifted method (Figure 2) is 8.5 ns slower under the 
assumptions made above, but if sign extend is required, 


it may well be as fast, in addition to eliminating multi- 
plexers. (See Reference 1.) (This illustrates the fact that 
two parts of a system optimized independently may 
result in an overall slower system.) 

20 Bits: As word width increases above 16 bits, some of 
the less conventional approaches begin to have some 
advantage. First, consider the more obvious 
approaches; the single level and chained approaches 
are shown in Figures 3(a) and 3(b). Another solution can 
be obtained by deleting parts from the conventional 
32-bit solution of Figure 1(b). This is shown in Figure 
3(c). 


Note: In the figures that follow, connecting lines are simplified 
and terminal labels are eliminated for clarity. 



Figure 2. 16-Bit Shifted Look-Ahead 



Figure 3(a). 20-Bit, Single-Level Method 



Figure 3(b). 20-Bit, Chained 



Figure 3(c). 20-Bit, Two-Level 
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From a timing standpoint, (b) and (c) of Figure 4 are both 
87.5ns compared to 93ns for (a). The single-level 
method [Figure 3(a)] is superior from a parts count 
standpoint, requiring a single look-ahead carry rather 
than two. A closer look at Figure 3(c), however, reveals 
that only a small portion of the second look-ahead carry 
circuit is used. Furthermore, this portion can be 
replaced by a circuit consisting of 1/6 of a 74S04 and 1/2 
of a 74S51 as shown in Figure 4. In addition to a lower 
power, lower cost solution, the replacement of the 
second jook-ahead carry circuit actually saves 1.5ns! 

Even more surprising is the fact that the shifted method 
shown in Figure 5 not only has the fewest parts, but 
also runs faster (85.5ns) than the other methods shown. 
Here is a situation where the speed-cost tradeoffs 
BOTH favor the same solution! 

24, 28 Bits: Using the conventional 32-bit solution 
(deleting one or two ALUs) yields identical times (98ns) 
for both 24 and 28 bits. The shifted chain (Figure 6), 
however, uses fewer parts and is faster (96ns). With the 
same parts count, the chained and two-level methods 
yield the fastest times (87.5ns) for both 24- and 28-bit 
ALUs. 

32 Bits: The conventional approach for 32 bits shown in 
Figure 1(b) is an example of the two-level with helpers 
method. For 32 bits, the register-to-register add time is 
98 ns for this method. This is a faster approach than the 
chained and two-level methods (103.5ns) that were 
optimum for 24 and 28 bits. Another method — the 


shifted two-level — again uses fewer parts and is con- 
siderably faster than the conventional approach 
(87.5ns). This is illustrated in Figure 7. 

36, 40, 44 Bits: A 98ns solution can be obtained for 
36-bit ALUs by simply deleting parts from the 64-bit 
solution of Figure 1(c). A word of caution: this is not the 
path to the most significant slice (MSS). It turns out that 
this path is only 87.5ns. The 98ns path is to the output 
of the second MSS. The shifted two-level with helper 
method (Figure 8) will also produce a 98ns result, but if 
the ''helper” is replaced by the circuit of Figure .4, the 
result is 96.5ns. 

Another solution, requiring only two parts, is shown in 
Figure 9. This solution — the double shifted two-level 
method — turns out to be the best two-part solution for 
all word sizes from 36 to 64 bits. Speed for this method 
is 101.5ns. 

The shifted two-level with helper and double-shifted 
two-level methods turn out to be the optimum three-part 
and two-part solutions for 40- and 44-bit ALUs also. 

48 Bits: As mentioned above, the double shifted two- 
level method shown in Figure 9 is alsothe optimum two- 
part solution for 48 bits. Three-part solutions are shown 
in Figure 10. The shifted three-level solution of Figure 
10(a) results in a 114 ns system. The double shifted 
three-level solution is 101.5 ns. Note how the worst-case 
path varies between the two solutions. This points out 
the fact that several paths must be evaluated to ensure 
that the longest one has been found. 



Cn+x 


Figure 4. Partial Look-Ahead Carry Circuit 



Figure 5. 20-Bit, Shifted 



Figure 6. 24-, 28-Bit, Shifted Chain 



Figure 7. 32-Bit, Shifted Two-Level 
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Figure 8. 36-Bit, Shitted Two-Level with Helper 



Figure 9. 36-Bit, Double-Shifted, Two-Level 


Q 



Figure 10<a). 48-Bit, Shifted, Three-Level 



Figure 10(b). 48-Bit, Double Shifted, Three-Level 
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The four-part system of Figure 11 improves perfor- 
mance slightly (98ns) and may not be worth the 
additional expense. It is, however, the best four-part 
choice from 48 to 60 bits. This method is referred to as 
shifted two-level with helpers. 

52 Bits: Not a particularly popular ALU size, the 52-bit 
system nevertheless provides an opportunity to demon- 
strate another look-ahead carry method — the double- 
shifted, two-level with helpers. This also turns out to be 
the fastest three-part method for word widths from 52 to 
64 bits. This method, illustrated in Figure 12, results in 
117.5 ns for 52-bit systems. 

56 Bits: ALUs of 56 bits are becoming common in 
floating point systems using 56 bits of mantissa and 8 


bits of exponent. Deleting components from the conven- 
tional 64-bit approach [Figure 1(c)] results in a 98ns 
solution. This same speed, however, can be achieved 
with four parts using the shifted two-level with helper 
method of Figure 13. 

60 Bits: The fastest 60-bit solution is the conventional 
approach for 64 bits [Figure 1(c)] with one alu deleted. 
This results in a 98ns solution. The shifted two-level 
with helper method (Figures 11 and 13) is a four-part 
solution that results in 103.5 ns. 

64 Bits: Again, the fastest 64-bit solution (98ns) is the 
conventional approach of Figure 1(c). The fastest four- 
part solution is a double-shifted two-level with helper 
method (117.5ns) illustrated in Figure 14. 



Figure 11. 48-Bit, Shifted Two-Level with Helpers 



Figure 12. 52-Bit, Double-Shifted, Two-Level with Helpers 



Figure 13. 56-Bit, Shifted, Two-Level with Helper 



Figure 14. 64-Bit, Double Shifted, Two-Level with Helper 
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Table II is a summary of the data generated from this 
study. It lists, for each word size, the fastest solution for 
look-ahead carry parts count from 0 to 5. The number 


under the “Method” column corresponds to the 
numbered list of Table I. The fastest solution for each 
word size is shaded. 


Table II. Optimum Speed for 4-64-Bit ALUs 


Word 

Size 

Number of IDM2902& 

0 

1 

2 

3 

' 4 

5 

Method 

Time 

Method 

Time 

Method 

Time 

Method 



Time 

Method 

Time 

4 

1 

50 











8 

1 

75 











12 

1 

91 

2 

77 









16 

1 

107 

2 

77 









20 

1 

123 

3 

85.5 

4 

87.5 







24 

1 

139 

3 

101.5 

4, 6. 8 

87.5 

7 

98 





28 

1 

155 

3 

117.5 

4, 6. 8 

87.5 

9 

98 





32 

1 

171 

3 

133.5 

8 

87.5 

9 

98 





36 

1 

187 

3 

149.5 

10 



98 





40 

1 

203 

3 

165.5 

10 

117.5 

SB 

m 





44 

1 

219 

3 

181.5 

10 


mmm 






48 

1 

235 

3 

197.5 

10 

149.5 

14 

101.5 

BUI 

98 



52 

1 

251 

3 

213.5 

10 

165.5 

ii 

117.5 


98 



56 

1 

267 

3 

229.5 

10 

181.5 

ii 

133.5 

9, 13 

98 

7 

98 

60 

1 

283 

3 

245.5 

10 

197.5 

ii 

149.5 

9 

103.5 

7. 9 

98 

64 

1 

299 

3 

261.5 

10 

213.5 

ii 

165.5 

11 


7, 9 

98 


CONCLUSIONS 

It may appear that a lot of time was spent investigating 
alternate look-ahead carry schemes that save "a few 
nanoseconds” in overall speed. While this is certainly 
true for systems with ALU cycle times in the 200 ns 
range, it has been shown that with the more recent 2900 
components from National Semiconductor, ALU cycle 
times in the 100ns region are certainly feasible, and 
here those same few nanoseconds could become sig- 
nificant. This will be even more apparent with the 
introduction of the IDM2901A-2, which will improve the 
register/ALU times listed in Table III by another 
20-25%. 

It has also been shown that no one solution is “best” 
for all applications. Even the "fastest” solution may not 
be optimum for a specific system when parts count, 
system wiring, board space, etc., are considered. 


Table III. Delay Times Used to Calculate Cycle Time 


Finally, the entire study will soon be obsolete as new 
components with different (albeit faster) specifications 
are introduced. Therefore, the only conclusion that 
seems legitimate is that each application should be 
considered individually with the requirements of the 
system, the devices available, and sound engineering 
judgement determining the optimum solution. It is 
hoped that the information contained in this application 
note will provide some guidelines for finding that 
solution. 
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What is a PAL? 

A PAL is a user-programmable array of logic 
gates which allows the equivalent of a number 
of SSI and MSI (small- and medium-scale 
integration) packages to be implemented on a 
single chip. NSC’s PAL series are Schottky TTL 
(transistor-transistor logic) components, and 
hence offer both speed and easy interfacing. 
Combinations of registers, flip-flops, and ran- 
dom logic are all easily implemented using 
PALs. 

Why Should You Use A PAL? 

Reduced board space 

PALs typically implement the equivalent of 
from 4 to 12 SSI and MSI packages in a single 
20-pin DIP. If the amount of space on your PCB 
is insufficient for your needs, you should 
seriously consider using PALs in your design. 

Cost Effectiveness 

The total manufacturing cost of a circuit im- 
plemented with PALs is frequently less than 
that of standard ICs. Only 25 to 50 per cent of 
the cost of utilizing an SSI or MSI chip is nor- 
mally its purchase price; the remaining 50 to 75 
per cent is tied up in the cost of the PCB area, 
assembly, and testing associated with that 
chip. Hence, as the PAL replaces more and 
more chips, its usage quickly becomes 
justified on a cost basis alone. 

Fast System Design 

Because of PALs’ programmability and flex- 
ibility, the time needed to design and imple- 
ment a system can be cut in half. Breadboards 
can be built quickly to test out new ideas 
without long waiting. 

Design Flexibility 

PALs offer the design engineer greater flexibili- 
ty than standard, off-the-shelf parts. If a 
desired function is not readily available with 
standard components, an awkward assortment 
of chips may be needed to implement the func- 
tion. With PALs, the engineer simply chooses 
what he wants instead of taking what he can 
get. 


Easy Design Changes 

PALs offer the designer the ability to 
reprogram an 1C instead of redesigning other 
hardware and laying out a new PCB when the 
function of the card changes. 

High Speed 

PALs are built using Schottky technology. 
Register PALs clock at 40 MHz, with faster parts 
on the way. 

Easy Field Programming 

Unlike gate arrays and other approaches to 
custom logic design, the PAL is user- 
programmable, which minimizes turnaround 
time. The PAL can be programmed quickly and 
easily using standard PROM programmers with 
appropriate personality cards. Conversion of 
logic functions into the PAL format is ac- 
complished quickly and easily using a software 
tool called PALASM™ 

Small Inventory 

The PAL family can be used to replace up to 90 
per cent of TTL components with just 15 dif- 
ferent parts. This considerably lowers inven- 
tory costs. 


What Is The Impact Of PAL On 
Logic Design? 

Logic designers are noticing an apparent 
“complexity gap” between TTL and LSI. Pro- 
ducts designed using discrete TTL devices 
would consume unacceptable amounts of 
physical space and electrical power. Software 
programmable LSI devices (microprocessors) 
offer high density and need relatively little 
power to do almost anything imaginable, but 
the designer pays a high price in software 
development and still has to use discretes to 
interface them to the outside world. Until 
recently, there has been no device that pro- 
vides a really effective way of bridging this gap. 
National Semiconductor Company has seen 
this need, and now offers the designer a family 
of PAL (Programmable Array Logic) devices to 
fill it. PALs offer powerful capabilities for 
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creating cost-effective new products or for im- 
proving the effectiveness of existing logic 
designs. PAL devices save time and money by 
solving many of the system partitioning and in- 
terface problems not otherwise effectively 
solved by today’s semiconductor device 
technology. 

LSI (Large scale integration) offers many ad- 
vantages, but advances have been made at the 
expense of either device flexibility or software 
complexity. LSI technology has been and still 
is leading to larger and larger standard logic 
functions. LSI offers high functional density 
and low power consumption; single ICs now 
perform functions that formerly required com- 
plete circuit cards. However, most LSI devices 
don’t interface with user systems without large 
numbers of support devices. Designers are still 
forced to turn to random logic for many ap- 
plications. LSI is slow, and it is rigidly partition- 
ed. For all its capability to perform varied and 
complex tasks, the microprocessor is a slow 
and expensive way of doing simple, repetitive 
tasks when the necessary interface and other 
support devices are added, and when the time, 
money, and memory required for software 
development are considered. 

TTL provides speed, and you could say its 
flexibility is infinite, but its price is high power 
consumption, large parts count, and low space 
utilization. 

Custom IC’s can be effective design solu- 
tions if the product is of low-to-medium com- 
plexity, its logic function is well defined, and 
its market is high volume. Its design cycle is 
typically long, and its Cost can be prohibitive. 
This tends to discourage its use. 

Fuse-programmable devices of various kinds 
have been invented to try to overcome the 
above-mentioned disadvantages. All but PAL 
require external interface logic, and all but PAL 
have disadvantages, to wit: 

PROM: Requires careful design to avoid 
undesirable data transitions. Also 
limited on the number of input 
variables it can accommodate. 

FPLA: Is expensive, difficult to program, 
and hard to understand. 

FPGA: Isn’t widely available, and lacks 
flexibility. 

PMUX: Is available in only a few types. 

The PAL— A New Extension of 
Fusible-Link Technology 

The diode matrix was the first programmable 
integrated-circuit logic device, introduced in 


the early 1960’s. This device contained only a 
diode-logic OR matrix, each crosspoint of 
which had a fusible link. 

The programmable read-only memory (PROM) 
extended the programmable logic concept con- 
siderably by allowing input variables to be en- 
coded, by reducing the number of pins re- 
quired per input variable, and by providing TTL 
compatibility. The PROM is an AND-OR logic 
element with fixed AND matrix and program- 
mable OR. 

One advantage of using PROMS is that they are 
produced in high volume because they are 
used in many applications. Also, the PROM is a 
universal logic solution; in other words, all the 
product terms of the input variables ate 
generated, making it possible to implement 
any AND-OR function of these variables. 

The Field-Programmable Logic Array (FPLA) 
has a second fuse matrix (an AND matrix), so 
allows the designer to select and program only 
those product terms used in each specific 
function. These product terms are then com- 
bined in the OR fuse array to form an AND-OR 
logic equation. More about these later. 


How It Works (See Figure 1-1.) 

In the PAL concept, an AND fuse array allows 
the designer to specify the product terms re- 
quired, and connect them to an OR matrix 
chosen to perform the required combination of 
AND-OR logic functions. PALs are offered in a 
number of different part types that vary the OR- 
gate configuration. Specifying the OR-gate 
connection therefore becomes a task of device 
selection rather than of programming, as with 
the FPLA. With this approach, PALs eliminate 
the need for a second fuse matrix with little 
loss in overall flexibility. Figure 1 is a 
schematic diagram that shows how a typical 
PAL circuit processes a two-input, one-output 
logic segment. The general logic equation for 
this segment is: 

Output = (l| • f-j + /f-|) (/ 1-) *f 2 + /f2) O 2 * f 3 + 

If 3 ) (/' 2 * W + *U) + Ol * f5 + /f 5) 
(/l-| • fe + /f6) 02 • f 7 + / f 7 + /f7) 02 
• f8 + /f8) 

where the “f” terms represent the states of the 
fuse links in the PAL’s AND array. In the above 
equation, an intact fuse is represented by f = 
1, and a blown fuse by f = 0. 

Although logic equations are convenient for 
simple functions, they become progressively 
less tractable as the functions become more 
complex. In large systems, the logic diagram, 
or schematic, and the truth table are the 
methods more commonly used to describe 
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logic networks. For simplicity, PAL logic is 
described in this book using the symbolic nota- 
tion shown at right in Figure 1-2. The conven- 
tional, combinational logic diagram of the 
same expression is shown at left. In the figure, 
an X represents an intact fuse which, in con- 
junction with the series diode (not shown 
schematically), performs the logical AND func- 
tion. 


The two-input, one-output example shown in 
Figure 1-1, redrawn using the new logic nota- 
tion, is depicted in Figure 1-3. 


Figure 1-4 is the normal combinational logic 
diagram of an example whose transfer function 
is as follows: 


Output = 1-j • / 12 + /It • I 2 


'1 h 12 <2 



FIGURE 1-1. Partial Logic Diagram of a PAL* 


FIGURE 1-2. Conventional and PAL Logic Notation. 


'1 M *2 *2 



FIGURE 1-3. Two-input, One-output PALCircuit, Unprogrammed. 



h 12 + 1 12 


FIGURE 1-4. Logic Diagram of the Expression Shown Above 
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As can be seen from the expression and 
diagram, this is a two-input, one-oytput circuit; 
hence, the circuit of Figure 1-3 appears to be a 
good candidate to solve this problem. Remov- 
ing the Xs from the junctions that do not repre- 
sent terms of the example Boolean expression 
results in the diagram shown in Figure 1-5, 
which is the same PAL circuit shown in Figure 
1-3, except ‘that the appropriate fuses are 
blown. 

Using the symbology described here not only 
displays the attributes of a logic diagram, but 
also those of the truth table for the same ex- 
pression diagrammed. With this technique, it is 
possible to compare the structure of the PAL 
with those of the familiar PROM and PLA. 


Comparison 

To illustrate the differences among the three, 
field-programmable logic concepts, each of 
the approaches is shown as an AND matrix, 
followed by an OR matrix. The basic logic im- 
plemented by the PROM is AND-OR, with the 
AND gates all preconnected on the chip, mak- 
ing this portion fixed, while the OR matrix is 
implemented with diode-fuse interconnec- 
tions, making it programmable. Thus, the 
PROM is an AND-OR logic element with fixed 
AND matrix and programmable OR. The PROM 
solution in Figure 1-6 requires a 64-fuse matrix. 
There are many advantages to using PROMs as 
logic devices. One is that because they are us- 
ed in many applications, they are produced in 
high volume. Also, the PROM is a universal 
logic solution; in other words, all the product 
terms of the input variables are generated, 
making it possible to implement any AND-OR 
function of these variables. However, PROMs 
cannot accommodate large numbers of 
variables; the maximum number of input 
variables currently being realized is 11. 


The Field-Programmable Logic Array (FPLA) 
has a second fuse matrix (an AND matrix), 
allowing the designer to select and program 
only those product terms used in each specific 
function. (See Figure 1-7.) These product terms 
are then combined in the OR fuse array to form 
an AND-OR logic equation. 

The typical FPLA implementation has less than 
2 n terms available (with n as the number of in- 
put variables). This allows the FPLA to accom- 
modate larger values of n, i.e., more inputs, in 
contrast with the PROM, where the number of 
product terms is always equal to 2 n . Although 
the FPLA usually requires fewer fuses to imple- 
ment a given logic function, additional circuitry 
is required to select and program these 
fuses— circuitry that is not used in the final 
logic solution, but which is paid for in die area. 
This “chip overhead” cost becomes significant 
for simple applications that leave logic unused. 

The basic logic structure of the PAL, con- 
sisting of a programmable AND array whose 
outputs feed a fixed OR array, is shown in 
Figure 1-8. The PAL is low in cost and easy to 
program, like the PROM, but also is more flexi- 
ble, like the FPLA. Table 1-1 lists the 
characteristics of the three principal families 
of devices described here, and also others, for 
comparison. 


Table 1-1. 

Programmable Logic Device Summary 


Device 

AND 

OR 

Output Options 

PROM 

FPLA 

FPGA 

PMUX 

PAL 

Fixed 

Prog 

Prog 

Fix/Prog 

Prog 

Prog 

Prog 

None 

Fixed 

Fixed 

TS,OC 

TS,OC, Fusible Polarity 
TS,OC, Fusible Polarity 
TS 

TS, Registers, Feedback.l/O 



FIGURE 1-5. Blown Junctions Make the PAL Useful. 
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TABLE 1-2. THE PROGRAMMABLE ARRAY LOGIC (PAL®) FAMILY 


Std 

(35 ns) 

High 
Speed 
(25 ns) 

Pkg 

Pin 

Description 

10H8 

10H8A 

20 

10 input, 8 output AND-OR array 

12H6 

12H6A 

20 

12 input, 6 output AND-OR array 

14H4 

14H4A 

20 

14 input, 4 output AND-OR array 

16H2 

16H2A 

20 

16 input, 2 output AND-OR array 

10L8 

10L8A 

20 

10 input, 8 output AND-OR array 

12L6 

12L6A 

20 

12 input, 6 output AND-OR array 

14L4 

14L4A 

20 

14 input, 4 output AND-OR array 

16L2 

16L2A 

20 

.16 input, 2 output AND-OR array 

16C1 

16C1A 

20 

16 input, 1 output AND-OR/NOR array 

16L8 

16L8A 

20 

16 input, 8 output AND-OR-invert array 

16R8 

16R8A 

20 

16 input, 8 output AND-OR-register array 

16R6 

16R6A 

20 

16 input, 6 output AND-OR-register array 

16R4 

16R4A 

20 

16 input, 4 output AND-OR-register array 

16X4 


20 

. 16 input, 4 output AND-OR-XOR-register array 

16A4 


20 

16 input, 4 output AND-CARRY-OR-XOR register 

12L10 


24 

12 input, 10 output AND-OR invert array 

14L8 


24 

14 input, 8 output AND-OR-invert array 

16L6 


24 

16 input, 6 output AND-OR-invert array 

18L4 


24 

18 input, 4 output AND-OR-invert array 

20L2 


24 

20 input, 2 output AND-OR-invert array 

20C1 


24 

20 input, 1 output AND-OR/NOR array 

20L10 


24 

20 input, 10 output AND-OR-invert array 

20X10 


24 

20 input, 10 output AND-OR-XOR-register array 

20X8 


24 

20 input, 8 output AND-OR-XOR-register array 

20X4 


24 

20 input, 4 output AND-OR-XOR-register array 


PALs For Every Task 

The members of the PAL family are listed in * 
Table 1-2. They are designed to cover the spec- 
trum of logic functions at lower cost and lower 
package count. This allows you to select the 
PAL that best fits your application. PALs come 
in four basic configurations: 

• Gates 

• Register Outputs With Feedback 

• Programmable I/O 

• Arithmetic Functions 

Gates 

For 20/20A series, PALs are available in sizes 
from 10x8 (10 inputs 8 outputs) to 16x2, with 
either active-high or active-low output configura- 
tions. For 24 series, PALs are available in sizes 
from 12 x 10 to 20 x 2 with active-low output con- 
figurations. One part has complementary out- 
puts with both series. This wide variety of in- 
put/output formats allows the PAL to replace 
many different-sized blocks of combinational 
logic with single packages. 


Register Outputs With Feedback 

High-end members of the PAL family feature 
latched data outputs with register feedback. 
Each sum or product term is stored in a D flip- 
flop on the rising edge of the system clock. 
(See Figure 1-9.) The Q output of the flip-flop 
can then be gated to the output pin by enabling 
the active-low TRI-STATE’ buffer. 

In addition to being available for transmission, 
the Q output is also fed back into the PAL array 
as an input term. This feedback allows the PAL 
to “remember” its prior state, and it can alter 
its function based upon that state. This allows 
you to configure the PAL as a state machine 
that can be programmed to execute elementary 
functions such as count up, count down, skip, 
shift, and branch. 


INPUTS, FEEDBACK AND I/O 
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Programmable I/O 

Another feature of the high-end members of 
the PAL family is programmable input/output. 
This allows the product terms to directly con- 
trol the outputs of the PAL. (See Figure 1-10.) 
One product term is used to enable the 
TRISTATE" buffer, which in turn gates the 
summation term to the output pin. The output 
is also fed back into the PAL array as an input. 
Thus, the PAL drives the I/O pin when the 
TRISTATE" gate is enabled; the I/O pin is an 
input to the PAL array when the TRISTATE* 
gate is disabled. This feature can be used to 
allocate available pins for I/O functions or to 
provide bidirectional output pins for opera- 
tions such as shifting and rotating serial data. 


Arithmetic Functions 

The aiithmetic functions add, subtract, greater 
than, and less than are implemented by two ad- 
ditional features of the register PAL. (See 
Figure 1-11.) First, the sums that are XORed at 
the input of a D flip-flop. This allows carries 
from previous operations to be XORed with 
current sums generated by the PAL array. 
Second, the Q output of the flip-flop is ORed 
with an input to form the terms I + Q, I + /Q, I 
+ Q, and / 1 + IQ, which are then fed back into 
the PAL matrix. This option provides for ver- 
satile operations on two variables and 
facilitates the parallel generation of carries 
necessary for fast arithmetic operations. 
Figure 1-12 shows a PAL array, programmed to 
combine the available terms to form 16 logical 
products in an ALU or controller application. 


Technology 

National Semiconductor PALs are manufac- 
tured using the same high-volume technology 
used in the manufacture of PROMs. This in- 
cludes state-of-the-art Schottky processing, 
dual-layer metal, and highly reliable titanium- 
tungsten fuses. NPN emitter followers make 
up the programmable AND array. The inputs 
are PNP transistors whose input impedance 
imposes a current drain of not more than 0.25 
mA on the source. All outputs are standard TTL 
drivers with internal active-pullup transistors. 
Typical PAL propagation delay is 25 ns for the 
standard version. 

Packaging 

All PAL versions are supplied in the space- 
saving 20 and 24-pin, 0.3-in. “thin-dip” package. 
This package offers one of the best pin-count- 
to-area ratios available. 

PALS also utilize National's copper-lead-frame 
plastic package design that combines the low 
cost of plastic with the thermal characteristics 
of CERDIP to provide highly reliable, cost- 
effective components. 

Programming PALs are designed to be pro- 
grammed using standard, commercially 
available PROM programmers with the addition 
of the proper personality module and socket 
adapters. Some programmers with PAL pro- 
gramming capability are listed in the PAL Design 
section. 


INPUTS, FEEDBACK AND I/O 



INPUTS. FEEDBACK AND I/O 
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PAL Part Numbers 

The PAL part number reveals the logic opera- 
tion the part performs. (See Figure 1-13.) The 
example shown, the DMPAL16L2NC, is a 
device that accommodates 16 input terms and 


generates 2 active-low output terms, is con- 
tained in a 20-pin plastic dual-inline package, 
and meets commercial temperature-range 
specifications. 



DIGITAL MEMORY 

PROGRAMMABLE ARRAY LOGIC FAMILY 

NML = NATIONAL MASKED LOGIC 
NUMBER OF ARRAY INPUTS 


A 


N 


OUTPUT TYPE: 

H = ACTIVE HIGH 
L = ACTIVE LOW 
C = COMPLEMENTARY 
R = REGISTER 
X = EXCLUSIVE-OR WITH 
REGISTER 

A = ARITHMETIC WITH REGISTER 
NUMBER OF OUTPUTS 

SPEED RANGE 

NO SYMBOL = STANDARD SPEED (35 ns) 
A = HIGH SPEED (25 ns) 

PACKAGE TYPE: 

N = PLASTIC DIP 
J = CERAMIC DIP 

i TEMPERATURE RANGE: 

| C = 0 TO + 75 DEG. C 

- M = -55 TO +125 DEG. C 


FIGURE 1-13. Meaning of PAL Part Number Code 


PAL Logic Symbols 


PAL10H8 


The logic symbols for each of the individual 
PAL devices gives a concise functional 
description of that device, Figure' 1-14 shows a 
typical logic symbol, that of the 10H8 gate 
array. 



FIGURE 1-14. Logic Symbol, DMPAL10H8. 




Introduction And General Description 













24-15 


Introduction And General Description 













24-16 






































































PAL Logic Symbols - Series 24 (Contd.) 
PAL20L10 




PAL20X10 



PAL20X4 
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mm Semiconductor 

DATA SHEETS 

Programmable Array Logic (PAL®) 
Series 20/20A 


Programmable Logic 


Description 

The PAL® family utilizes National Semicon- 
ductor’s Schottky TTL process and bipolar 
PROM fusible-link technology to provide 
user-programmable logic to replace conven- 
tional SSI/MSI gates and flip-flops. Typical 
chip count reduction gained by using PALs is 
greater than 4:1. 

The family lets the systems engineer 
customize his chip by opening fusible links to 
configure AND and OR gates to perform his 
desired logic functions. Complex interconnec- 
tions that previously required timeconsuming 
layout are thus transferred from PC board to 
silicon where they can be easily modified dur- 
ing prototype checkout or production. 

The PAL transfer function is the familiar sum 
of products with a single array of fusible links. 
Unlike the PROM, the PAL is a programmable 
AND array driving a fixed OR array. (The PROM 
is a fixed AND array driving a programmable 
OR array.) In addition, the PAL family offers 
these options: 

• Variable input/output in ratio. 

• Programmable TRISTATE® outputs. 

• Registers and feedback. 


Unused inputs are tied directly to Vqq or GND. 
Product terms with all fuses blown assume the 
logical high state, and product terms con- 
nected to both true and complement of any 
single input assume the logical low state. 
Registers consist of D type flip-flops that are 
loaded on the low-to-high transition of the 
clock. PAL logic diagrams are shown with all 
fuses blown, enabling the designer to use the 
diagrams as coding sheets. 

The entire PAL family is programmed on con- 
ventional PROM programmers with appropriate 
personality and socket adapter cards. Once the 
PAL is programmed and verified, two addi- 
tional fuses may be blown to make verification 
difficult. This feature gives the user a pro- 
prietary circuit that is very difficult to copy. 

Features 

• Programmable replacement for conven- 
tional TTL logic. 

• Simplifies prototyping and board layout. 

• Thin DIP packages. 

• Reliable titanium-tungsten fuses. 

• Available in standard and high speed 


Part Types 


25 ns max propagation delay for high 
speed versions (20A series) 


OCTAL 10 INPUT ANDOR GATE ARRAY 


HEX 12 INPUT AND OR GATE ARRAY 


QUAD 14 INPUT AND OR GATE ARRAY 


DUAL 16 INPUT AND OR GATE ARRAY 


16 INPUT AND-OR/AND OR INVERT GATE ARRAY 


OCTAL 10 INPUT AND OR 


HEX 12 INPUT AND OR 


QUAD 14 INPUT AND-OR 


DUAL 16 INPUT AND OR 


OCTAL 16 INPUT AND OR-INVERT GATE ARRAY 


OCTAL 16 INPUT REGISTERED AND OR GATE ARRAY 


HEX 16 INPUT REGISTERED AND OR GATE ARRAY 


INPUT REGISTERED AND OR GATE ARRAY 


QUAD 16 INPUT REGISTERED AND-OR XOR GATE ARRAY 


QUAD 16 INPUT REGISTERED AND CARRY-OR-XOR GATE ARRAY 



OCTAL 10 INPUT AND-OR GATE ARRAY 


HEX 12 INPUT AND-OR GATE ARRAY 


QUAD 14 INPUT AND-OR GATE ARRAY 


DUAL 16 INPUT AND-OR GATE ARRAY 


16 INPUT AND-OR/AND-ORINVERT GATE ARRAY 


OCTAL 10 INPUT AND-OR INVERT GATE ARRAY 


QUAD 14 INPUT AND-OR-INVERT GATE ARRAY 


DUAL 16 INPUT AND-OR-INVERT GATE ARRAY 


OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY 


OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY 


HEX 16 INPUT REGISTERED AND-OR GATE ARRAY 


QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY 
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Absolute Maximum Ratings 


Supply voltage Vqq 

Input voltage 

Off-state output voltage . 
Storage temperature range 


Operating 

Programming 

. .... .7.0 V 

12 V 

5.5 V 

12 V 

5.5 V 

12V 

- 65°C 

to 150°C 


10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 
Electrical Characteristics 

Over Recommended Operating Temperature Range 


Symbol 

Parameter 

Test Conditions 

Min Typ Max 

Unit 

V|H 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

V 

V IC 

Input clamp voltage 

V CC = MIN l t = -18 mA 

- 1.5 

V 

v OH 

High-level output voltage 

V CC = MIN V| H = 2V 
V iL = 0.8V l 0H = MAX 

2.4 

V 

V 0 L 

Low-level output voltage 

V CC = MIN V| H = 2V 
V| L = 0.8V l 0L = MAX 

0.5 

V 

'1 

Input current at maximum 
input voltage 

V CC = MAX V| = 5.5 V 

1.0 

mA 

’IH 

High-level input current 

V cc = MAX V| = 2.4V 

25 

mA 

'IL 

Low-level input current 

V CC = MAX V| = 0.4V 

-250 

mA 

'os 

Short-circuit output current 

Vcc = MAX Vo = 0V 

-30, -130 

mA 

'cc 

Supply current 

V C c = MAX 

55 90 

mA 


Recommended Operating Conditions 


Symbol 

Parameter 

Military 

Min Norn Max 

Commercial 
Min Nom Max 

Unit 

V CC 

Supply voltage 

HD 

4.75 5.00 5.25 

V 

'oh 

High-level output current 

-2.0 

-3.2 

mA 

'OL 

Low-level output current 

8 

8 

mA 

t A 

Operating free air temperature 

-55 125 

0 75 

°C 


Switching Characteristics 

Over Recommended Ranges of Temperature and V^c 


- 

Military 

T a = -55° to + 125°C 
V cc = 5.0V ±10% 
Min Typ Max 

Commercial 
T a = 0° to 75°C 
V cc = 5.0V ± 5% 
Min Typ Max 


Symbol 

Parameter 

Test Condilionstt 
R1 = 560P 
R2 = 1.1 Ml 

Unit 

*PD 

From any input to any output 

C L = 15pF 

25 45 

25 35 

ns 
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16L8, 16R8, 16R6, 16R4, 16X4, 16A4 
Electrical Characteristics 

Over Recommended Operating Temperature Range 


Symbol 

Parameter 

Test Conditions 

Min Typ Max 

Unit 

V IH 

High-level input voltage 


2 

V 

V|L 

Low-level input voltage 


0.8 

V 

V IC 

Input clamp voltage 

V cc = MIN l| = -18 mA 

- 1.5 

V 

v OH 

High-level output voltage 

V CC = MIN V 1 1_| = 2V 
V| L = 0.8V l 0H = MAX 

2.4 

V 

v OL 

Low-level output voltage 

V CC = MIN V| H = 2V 
V | L = 0.8V l 0L = MAX 

0.5 

V 

•OZH 

Off-state output current 
high-level voltage applied 

V CC = MAX, V| H = 2 V, 
V 0 = 2.4V, VIL = 0.8V 

100 

a 

•OZL 

Off-state output current 
low-level voltage applied 

V cc = MAX, V iH = 2V 
V 0 = 0.4V, VIL = 0.8V 

- 100 


l| 

Input current at maximum 
input voltage 

V C c = M AX v l = 5.5 V 

1.0 

mA 

1 1 H 

High-level input current 

V C c MAX v l = 2.4V 

25 

mA 

'IL 

Low-level input current 

V C c MAX V, = 0.4V 

-250 

mA 

•os 

Short-circuit output current 

vcc = max vo = ov 

-30 -130 

mA 

•cc 

Supply 

Current 

16L8 

V C C = MAX 

140 180 

mA 

16R4,16R6,16R8 

150 180 


Recommended Operating Conditions 


Symbol 

Parameter 

Military 

Min Nom Max 

Commercial 
Min Nom Max 

Unit 

V CC 

Supply voltage 

4.5 5.0 5.5 

4.75 5.00 5.25 

V 

*OH 

High-level output current 

-2.0 

-3.2 

mA 

'OL 

Low-level output current 

12 

24 

mA 

t a 

Operating free air temperature 

-55 125* 

0 75 

°C 


•Operating Case Temperature only, Tc = 125°C 
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Switching Characteristics 

Over Recommended Ranges of Temperature and Vqc 



Military 

T a = -55° to + 125 °C 
V cc = 5.0V ±10% 
Min Typ Max 

Commercial 
T a = 0' to 75°C 
V cc = 5.0V ± 5% 
Min Typ Max 


Symbol 

Parameter 

Test Conditionstt 
R1, R2 

Unit 

*PD 

Input to output 

■ 

25 45 

25 35 

ns 

*PD 

Clock to output 

15 25 

15 25 

ns 

•pzx 

Pin 11 to output enable 

15 25 

15 25 

ns 

<PXZ 

Pin 11 to output disable 

Cl = 5pF 

15 25 

15 25 

ns 

•pzx 

Input to output enable 

C L = 50pF 

25 45 

25 35 

ns 

mm 

Input to output disable 


25 45 

25 35 

ns 

<w 

Width of clock 

High 


25 

25 

ns 

Low 


25 

25 

*su 

Setup time 

16R8,16R6,16R4 


45 

35 

ns 

16X4, 16A4 




*h 

Hold time 


0 - 15 

0 - 15 

ns 


tfSee Standard Test Load and Definition of Waveforms 


Standard Test Load 



MEDPAL SMPAL 

' MIL " COM'L - 
R1 = 390 R1 = 200 R1=560 

R2 = 750 R2 = 390 R2 = 1.1k 


Test Waveforms 

Set-Up and Hold 


Pulse Width 



Propagation Delay 


Enable and Disable 




JF 






ENABLE 

(ENABLE PIN OR INPUT) 


NORMALLY HIGH 
OUTPUT 
(SI OPEN) 


NORMALLY LOW 
OUTPUT 
(SI CLOSED) 



Note A: C\_ includes probe and jig capacitance. 

Note B: V T = 1.5V. 

Note C: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
Note D: All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, ZoUT = 50ft. 
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Absolute Maximum Ratings 










Operating Programming 

Supply Voltage, Vcc 7V 12V 

Input Voltage 5.5V 12V 

Off-State Output Voltage 5.5V 12V 

Storage Temperature Range -65°C to +150°C 








10H8A, 12H6A, 14H4A, 16H2A, 16C1A, 10L8A, 12L6A, 14L4A, 16L2A 








Recommended Operating Conditions 








Symbol 

Parameter 

Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vcc 

Supply Voltage 

mm 

5 

5.5 

4.75 

5 

5.25 

V 

■oh 

High Level Output Current 



-2 



-3.2 

mA 

■ol 

Low Level Output Current 



12 



24 

mA 

Ta 

Operating Free-Air Temperature 




0 


75 

wm 

Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Unit 

V|H 

High Level Input Voltage 


2 



V 

V| L 

Low Level Input Voltage 




0.8 

V 

Vic 

Input Clamp Voltage 

Vcc = Min., l| = -18mA 



-1.5 

V 

V 0 H 

High Level Output Voltage 

V cc = Mln.,V| H = 2V 
V| U = 0.8V, I 0 h = Max. 

D 

■ 

■ 

V 

VqL 

Low Level Output Voltage 

V cc = Min., V| H = 2V 
Vil = 0.8V, I 0 l = Max. 


■ 


D 

l| 

Input Current at Maximum Input Voltage 

V cc = Max., V ( = 5.5 V 



1 

mA 

IlH 

High Level Input Current , 

V cc = Max., V, = 2.4V 



25 

pA 

IlL 

Low Level Input Current 

V cc = Max., V ( = 0.4 V 



-0.25 

mA 

•os 

Short Circuit Output Current 

V CC = 5V 

-30 


-130 

mA 

Icc 

Supply Current 

V C c = Max. 

55 


90 

mA 

Switching Characteristics Over Recommended Ranges of Temperature and Vcc 

Military: T A = -55°C to +125°C, V cc = 5V ±10% 
Commercial: T A = 0 to 75°C, Vcc = 5 V ±5% 

Symbol 

Parameter 



Military 

Commercial 

Unit 

lest nonunions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

tpD 

From any Input to any Output 

C u = 15pF 


15 

30 


15 

25 

ns 
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16L8A, 16R8A, 16R6A, 16R4A, 16X4A, 16A4A 

Recommended Operating Conditions 

Symbol 

Parameter 

Military 

| Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vcc 

Supply Voltage 

El 

5 

5.5 

4.75 

5 

5.25 

V 

tw 

Width of Clock 

Low 

20 

10 


15 

10 


ns 

High 

20 

10 


15 

10 


tsu 

Setup Time from Input 
or Feedback to Clock 

16R8A, 16R6A, 16R4A 

30 

16 

■ 

25 

16 


ns 

th 

Hold Time 

0 

-10 


0 

-10 


ns 

Ta 

Operating Free-Air Temperature 

-55 



0 

25 

75 

Sa 

T c 

Operating Case Temperature 



125 




MM 

• Electrical Characteristics Over Recommended Operating Temperature Range 

Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Unit 

V,H 

High Level Input Voltage 


2 



V 

V| L 

Low Level Input Voltage 




0.8 

V 

V|C 

Input Clamp Voltage 

Vcc = Min., Ii = -18mA 


-0.8 

-1.5 

V 

Voh 

High Level Output Voltage 

Vcc = Min. 
V|i_ = 0.8V 
V| H = 2V 

•oh = -2mA MIL 


2.8 

■ 

V 

l 0H = -3.2mA COM 

VOL 

Low Level Output Voltage 

Vcc = Min. 
V| L = 0.8V 
V,h = 2V 

•ol = 12mA MIL 


0.3 

0.5 

D 

• 0 L = 24mA*** COM 

•oZH 

Off-state Output Current 

Vcc = Max. 
V|i_ = 0.8V 
V,h = 2V 

V 0 = 2.4 V 



100 

pA 

•OZL 

V 0 = 0.4 V 



-100 

fA 

l| 

Maximum Input Current 

V cc = Max., V, = 5.5 V 



1 

mA 

l|H 

High Level Input Current 

V cc = Max., V, = 2.4 V 



25 

fa 

1 1 L 

Low Level Input Current 

V cc = Max., V, = 0.4V 


-0.02 

-0.25 

mA 

•os 

Output Short-Circuit Current** 

> 

o 

n 

£ 

> 

in 

ii 

o 

£ 

-30 

-70 

-130 

mA 

Ice 

Supply Current t 

V C c = Max. 


120 

180 

mA 

Switching Characteristics Over Recommended Ranges of Temperature and Vcc 

Military: T A = -55°C to +125°C*, V cc = 5V ±10% 
Commercial: T A = 0 to 75°C, Vcc = 5V ±5% 


Parameter 

Test Conditionstt 
R1, R2 

Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

tpD 

Input or Feedback to Output 

CL = 50pF 


15 

30 


15 

25 

ns 

tCLK 

Clock to Output or Feedback 


10 

20 


10 

15 

ns 

•pzx 

Pin 11 to Output Enable 


10 

25 


10 

20 

ns 

•pxz 

Pin 11 to Output Disable 

C|_ = 5pF 


11 

25 


11 

20 

ns 

tpzx 

Input to Output Enable 

C L = 50pF 


10 

30 


10 

25 

ns 

tpxz 

Input to Output Disable 

C L = 5pF 


13 

30 


13 

25 

ns 

•max 

Maximum Frequency 


20 

30 


25 

30 


ns 

t Ice = Max. a t minimum temperature. 
ttSee W a veforms, Test Load on pg. 24-21 . 
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Data Sheets 


Table 2-2. Ta = 25°C 


Symbol 

Parameter 

Limits 

Min Typ Max 

Units 

V IHH 

Program-level input voltage 

11.5 11.75 12.0 

V 

•iHH 

Program-level input current 

Output Program Pulse 

50 

mA 

OD,L/R 

25 

All Other Inputs 

5 

'CCH 

Program Supply Current 

400 

mA 

Tp 

Program Pulse Width 

10 50 

IxS 

l d 

Delay time 

100 

ns 


Program Pulse duty cycle 

25 

% 

Vp 

Program/Verify-Protect : input vol tage 5.5V < Vcc -6V 

18 18.5 19 

V 

'P 

Program/Verify-Protect-input current 

400 

mA 

tdv 

Delay Time to Verify 

100 

MS 


Programming 

PAL fuses are programmed using a low- 
voltage linear-select procedure which is com- 
mon to all 15 PAL types. The array is divided in- 
to two groups, products 0 through 31 and pro- 
ducts 32 through 63, for which pin identifica- 
tions are shown in Figure 2-2. To program a 
particular fuse, both an input line and a pro- 
duct line are selected according to the follow- 
ing procedure: 

1 . Raise Output Disable, OD, to V| j_| 

2 . Select an input line by specifying Iq, I-j, I?. 

U, I4, l 5 , lg, 1 7 , and L/R as shown in Table 
12 . 

3 . Select a product line by specifying Aq, A-j, 

and A? one-of-eight select as shown in 
Table 2-10. 

4. Raise Vqq (pin 20) to Vj HH . 

5 . Program the fuse by pulsing the output 

pins O n of the selected product group to 
Vp H as shown in Table 2-4. 

6 . Lower Vqq (pin 20) to 6.0 V. 


7 . Pulse the CLOCK pin and verify output 

pins O n to be Low for active Low PAL 
types or High for active High PAL types. 

8 . Lower VQQ(pin 20) to 4.5 V and repeat 

step 7. 

9 . Should the output not verify, repeat steps 

1 through 8 up to five (5) times. 

Repeat this procedure for all fuses to be blown. 
(See Figure 2-3.) 

To prevent further verification, two last fuses may 
be blown by raising pin 1 and pin 11 to 18.5 volts 
for 10 ms-1 sec. with Vcc at 6.0 volts. 


Voltage Legend 

L = Low-level input voltage, V|i_ 

H = High-level input voltage, Vjh 
HH = High-level program voltage, V|hh 
Z = 10 k Ohms to 5.0 V. 
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£71 National 
4lA Semiconductor 


Programmable Logic 


Programmable Array Logic 
Series 24 


General Description 

The PAL® Series 24 family compliments the PAL Series 
20 family by providing two additional inputs and two 
additional outputs, allowing more complex functions in 
a single package. This new family is made feasible by 
the new 300 Mil-wide, 24-pin package. 

In addition to providing more logic functions per chip, 24 
pins allow for many natural functions which were pre- 
viously unavailable in 20-pin packages. Examples in- 
clude: 

• 8-bit parallel-in parallel-out counters 

• 8-bit parallel-in parallel-out shift registers 

• 16-Line-to-1-Line Multiplexers 

• Dual 8-Line-to-1-Line Multiplexers 

• Quad 4-Line-to-1-Line Multiplexers 

These natural functions provide twice the density of 
traditional 16-pin packages. 

The PAL family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology 
to provide user programmable logic for replacing con- 
ventional SSI/MSI gates and flip-flops at reduced chip 
count. 

The family lets the systems engineer “design his own 
chip” by blowing fusible links to configure AND and OR 
gates to perform his desired logic function. Complex 
interconnections which previously required time- 
consuming layout are thus “lifted” from PC board etch 
and placed on silicon where they can be easily modified 
during prototype check-out or production. This often 
simplifies not only the PC board layout, but also the 
board itself. 

The PAL transfer function is the familiar , sum of 
products. Like the PROM, the PAL has a single array of 
fusible links. Unlike the PROM, the PAL is a program- 
mable AND array driving a fixed OR array (the PROM is 
a fixed AND array driving a programmable OR array). In 
addition the PAL provides these options: 

PAL is a registered trademark of and used under license with Monolithic Memories, 

Table 2-5. Part Types 


• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

Unused inputs are tied directly to Vcc or GND. Product 
terms with all fuses blown assume the logical high 
state, and product terms connected to both true and 
complement of any single input assume the logical low 
state. Registers consist of D type flip-flops which are 
loaded on the low to high transition of the clock. PAL 
Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding 
sheets. 

The entire PAL family is programmed on inexpensive 
conventional PROM programmers with appropriate 
personality cards and socket adapters. Once the PAL is 
programmed and verified, two additional fuses may be 
blown to defeat verification. This feature gives the user 
a proprietary circuit which is very difficult to copy. 


Features 

■ Programmable replacement for conventional TTL 
logic. 

■ Reduces 1C inventories substantially and simplifies 
their control. 

■ Reduces chip count by 5 to 1, typically. 

■ Expedites and simplifies prototyping and board 
layout. 

■ Saves space with 300 Mil-wide, 24-pin DIP packages. 

■ Programmed on standard PROM programmers. 

■ Programmable three-state outputs. 

■ Last fuse reduces possibility of copying by com- 
petitors. 

Inc. 


Part 

Number 

Description 

DMPAL12L10 

DEC A 

12 Input AND-OR-INVERT Gate Array 

DMPAL14L8 

OCTAL 

14 Input AND-OR-INVERT Gate Array 

DMPAL16L6 

HEX 

16 Input AND-OR-INVERT Gate Array 

DMPAL18L4 

QUAD 

18 input AND-OR-INVERT Gate Array 

DMPAL20L10 

DECA 

20 Input AND-OR-Invert Gate Array 

DMPAL20X10 

DECA 

20 Input Registered AND-OR-XOR Gate Array 

DMPAL20X8 

OCTAL 

20 Input Registered AND-OR-XOR Gate Array 

DMPAL20X4 

QUAD 

20 Input Registered AND-OR-XOR Gate Array 

DMPAL20L2 

DUAL 

20 Input AND-OR-INVERT Array 

DMPAL20C1 

SINGLE 

20 Input AND-OR-INVERT Array 
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Data Sheets 


Absolute Maximum Ratings 

Operating Programming 

Supply Voltage, Vcc 7V 12V 

Input Voltage 5.5V 12V* 

Off-state Output Voltage 5.5V 12V 

Storage Temperature -65°C to +150°C 


Operating Conditions 


Symbol 

Parameter 

Vcc 

Supply Voltage 

Ta 

Operating Free-air Temperature 

T c 

Operating Case Temperature 


Military 


Commercial 


Min. Typ. Max. Min. Typ. Max. 



5.25 V 


75 


Electrical Characteristics 

Symbol Parameter 

V|l Low Level Input Voltage 

V| H High Level Input Voltage 

V| C Input Clamp Voltage 
l|i_ Low Level Input Current t 

l| H High Level Input Current t 

li Maximum Input Current 

Vql Low Level Output Voltage 

V 0 h High Level Output Voltage 
lozi 

Off-state Output Current t 

iozH 

l 0 s Output Short-Circuit Current** 

Ice Supply Current 


t I/O pin leakage Is the worst case of lozx or 

* Pins 1 and 13 may be raised to 22V max. 

** Only one output shorted at a time. 


Over Operating Conditions 


I Test Conditions 


Min. Typ. Max. Unit 


Vcc = Min. 
V cc = Max. 
V cc = Max. 
V C c = Max. 

Vcc = Min. 
V|[_ = 0.8V 
V|H = 2V 

Vcc = Min. 
V||_ = 0.8V 
V.h = 2V 

Vcc = Max. 
V| L = 0.8V 
V|H = 2V 

V cc -Max. 
V C c = Max. 

I IX> e g. 1|L and IqzH- 



ll =-18mA 


V, = 0.4V 


V| = 2.4V 


V, = 5.5V 


I 0 l = 12 mA 

MIL 

Iql = 24 m A 

COM 

Ioh = — 2 mA 

MIL 

Iqh = — 3.2mA 

COM 

Vq = 0.4V 

V 0 = 2.4V 


V o = 0V 


20X4, 20X8, 20X10 


20L10 



90 


-100 


100 

F A 

-130 

mA 

180 

mA 

165 
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Switching Characteristics Over Operating Conditions 


Symbol 

Parameter 

Test Conditions 
R1, R2 

Military 

Commercial 

Unit 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

tpD 

Input or Feedback to Output 

20L10, 20X10 
20X8, 20X4 
C l = 50 pF 

■ 

35 

60 

■ 

35 

50 

ns 

tpD 

Input or Feedback to Output 

12L10, 14L8, 16L6 
18L4, 20L2, 20C1 
C L = 50 pF 

■ 

25 

45 

■ 

25 

40 

ns 

tcLK 

Clock to Output or Feedback 

C L = 50 pF 


20 

40 


20 

30 

ns 

tpzx 

Pin 13 to Output Enable 

C L = 50 pF 


20 

45 


20 

35 

ns 

tpxz 

Pin 13 to Output Disable 

C L = 5 pF 


20 

45 


20 

35 

ns 

tpzx 

Input to Output Enable 

C L = 50 pF 


35 

55 


35 

45 

ns 

tpxz 

Input to Output Disable 

C L = 5pF 


35 

55 


35 

45 

ns 

tw 

Width of Clock 

Low 


30 



25 



ns 

High 


40 



35 



ns 

tsu 

Set-Up Time from Input or Feedback 


60 



50 



ns 

th 

Hold Time 


0 

-15 


0 

-15 


ns 

fMAX 

Maximum Frequency 


10.0 



12.5 



MHz 


Test Load 


Schematic of Inputs and Outputs 



MIL COM'L 

R1 = 390 R1 = 200 

R2 = 750 R2 = 390 


Test Waveforms 

Set-Up and Hold 


TIMING 

INPUT 


DATA 

INPUT 



Propagation Delay 


EQUIVALENT INPUT TYPICAL OUTPUT 



IN-PHASE 

OUTPUT 



^V T 


tPLH - 

> 


—-tPHL- 


OUT OF PHASE 
OUTPUT 





— IPHL — 


Wr 

- tPLH ► 

L 


, Vt V 

Y 


Note A: Cl includes probe and jig capacitance. 



Note B: V T = 1.5V. 

Note C: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
Note D: All input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, ZquT = 50f!. 
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Programming 

PAL fuses are programmed using a low-voltage linear- 
select procedure which is common to all PAL types. The 
array is divided into two groups, products 0 thru 39 and 
products 40 thru 79, for which pin identifications are 
shown in Pin Configurations below. To program a 
particular fuse, both an input line and a product line are 
selected according to the following procedure: 

Step 1 Raise Output Disable, OD, to V| H h- 
Step 2 Select an input line by specifying l 0 , h, I 2 , 13 , U, I 5 , 
1 0 , l 7 , l 8 , Ig and L/R as shown in Table 2-6. 

Step 3 Select a product line by specifying A 0 and A-\ 
one-of-four select as shown in Table 2-7. 

Step 4 Raise V cc (pin 24) to V| H h- 
Step 5 Program the fuse by pulsing the output pins/O, 
of the selected product group to V )H h as shown 
in Programming Waveform. 


Step 6 Lower V C c (pin 24) to 6.0 V. 

Step 7 Pulse the CLOCK pin and verify the output pin, 
O, to be Low for active Low PAL types or High 
for active High PAL types. 

Step 8 Lower V C c (pin 24) to 4.5 V and repeat Step 7. 
Step 9 Should the output not verify, repeat steps 1 thru 
8 up to five (5) times. 

This procedure is repeated for all fuses to be blown (see 
Programming Waveforms). 

To prevent further verification, two last fuses may be 
blown by raising pin 1 and pin 13 to 18.5 volts with V C c at 
6.0 volts. 


Voltage Legend L = Low Level Input Voltage, V )L 
H =High Level Input Voltage, V|H 


Table 2-6. Input Line Select 


Input 

Line 

Number 

Pin Identification 

•9 

•s 

1/ 

*6 

>s 

u 

*3 

*2 

li 

•o 

UR 

0 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

Z 

1 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

Z 

2 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

3 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

4 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

Z 

5 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

Z 

6 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

7 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

8 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

Z 

9 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

Z 

10 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

11 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

12 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

Z 

13 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

Z 

14 

HH 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

15 

HH 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

16 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

Z 

17 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

Z 

18 

HH 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

19 

HH 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

20 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

Z 

21 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

Z 

22 

HH 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

23 

HH 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

24 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

25 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

26 

HH 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

27 

HH 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

28 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

29 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

30 

HH 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

31 

HH 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

32 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

33 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

34 

HH 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

35 

HH 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

36 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

37 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

Z 

38 

L 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

39 

H 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 

HH 


HH = High Level Program Voltage, V| HH 
Z = High Impedance (e.g. 10k Q to 5.0V) 


Table 2-7. Product Line Select 


Product 

Line 

Number 

Pin Identification 

0 4 

0 3 

0 2 

O, 

Oo 

A 2 

A, 

Aq 

0, 40 

Z 

Z 

z 

z 

HH 

z 

Z 

Z 

1, 41 

Z 

z 

z 

z 

HH 

z 

Z 

HH 

2, 42 

z 

z 

z 

z 

HH 

z 

HH 

Z 

3, 43 

z 

z 

z 

z 

HH 

z 

HH 

HH 

8, 48 

z 

z 

z 

HH 

Z 

z 

Z 

Z 

9, 49 

z 

z 

z 

HH 

Z 

z 

Z 

HH 

10, 50 

z 

z 

z 

HH 

z 

z 

HH 

Z 

11, 51 

z 

z 

z 

HH 

z 

z 

HH 

HH 

16, 56 

z 

z 

HH 

Z 

z 

z 

Z 

Z 

17, 57 

z 

z 

HH 

z 

z 

z 

Z 

HH 

18, 58 

z 

z 

HH 

z 

z 

z 

HH 

Z 

19, 59 

z 

z 

HH 

z 

z 

z 

HH 

HH 

24, 64 

z 

HH 

Z 

z 

z 

z 

Z 

Z 

25, 65 

z 

HH 

Z 

z 

z 

z 

Z 

HH 

26, 66 

z 

HH 

z 

z 

z 

z 

HH 

Z 

27, 67 

z 

HH 

z 

z 

z 

z 

HH 

HH 

32, 72 

HH 

Z 

z 

z 

z 

z 

Z 

Z 

33, 73 

HH 

z 

z 

z 

z 

z 

Z 

Rh 

34, 74 

HH 

z 

z 

z 

z 

z 

HH 

z 

35, 75 

HH 

z 

z 

z 

z 

z 

HH 

HH 

36, 76 

HH 

z 

z 

z 

z 

HH 

Z 

Z 

37, 77 

HH 

z 

z 

z 

z 

HH 

Z 

HH 

38, 78 

HH 

z 

z 

z 

z 

HH 

HH 

Z 

39, 79 

HH 

z 

z 

z 

z 

HH 

HH 

HH 


24-30 







Pin Configurations 



PRODUCTS 0 THRU 39 



PRODUCTS 40 THRU 79 

00 — 

1 

24 

— Vcc 

CLOCK 

1 

24 

lo — 

2 

23 

00 

to — 

2 

23 

H — 

3 

22 

0) 

ll 

3 

22 

12 

4 

21 

0 2 

12 

4 

21 

13 

5 

20 

03 

13 

5 

20 

14 — 

6 

19 

0 4 

14 

6 

19 

15 

7 

18 

NC 

15 

7 

18 

'6 

8 

17 

A2 

16 

8 

17 

17 — 

9 

16 

Al 

17 

9 

16 

18 

10 

15 

Ao 

18 

10 

15 

|g 

11 

14 

L/R 

Ig 

11 

14 

GND 

12 

13 

CLOCK 

GND 

12 

13 


Vcc 

L/R 

aq 

Al 

A2 

NC 


Programming Parameters t a = 25 °c 


Symbol 

Parameter 

Limits 

Unit 

Min. 

Typ. 


V IHH 

Program-level Input Voltage 

11.5 

11.75 

12.0 

V 

D 

Program-level Input Current 

Output Program Pulse 



50 

mA 

OD, UR 



50 

All Other Inputs 



5 

ICCH 

Program Supply Current 



400 

mA 

T P 

Program Pulse Width 

10 


50 

ps 

tD 

Delay Time 

100 



ns 

tpv 

Delay Time to Verify 

100 



pS 


Program Pulse Duty Cycle 



25 

% 

Vp 

Verify-Protect Input Voltage 5.5V< V CC <6.0V 

18 

18.5 

19 

V 

!p 

Verify-Protect Input Current 



400 

mA 

T P P 

Verify-Protect Pulse Width 

20 


50 

ms 


Programming Waveforms 
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PAL Design 
Selecting the Right PAL 

PAL part types come in small, medium, and 
large sizes, offering a wide range of complex- 
ities. The small PALs are also referred to as 
combinational because they just do logic func- 
tions. Four of these small PALs have ac- 
tive-high outputs (the “H” series), and four 
have active-low outputs (the "L” series), with a 
variety of input/output pin ratios. The one small 
PAL left over is the 16C1, which has com- 
plementary outputs. The small PAL types can 
replace random SSI gate functions at about a 
4-to-1 chip-count reduction. This group is 
designed to provide low-power Schottky (LS) 
fan-out and fan-in characteristics of 8 mA out- 
put sink (Iqi_) for totem-pole outputs and 0.25 
mA input loading (l ]L ). 


The simplest medium PAL, the 16L8, is logical- 
ly the same as the 10L8, with six added inputs 
that are shared with output pins. The 16 in Jts 
type number thus refers to the number of input 
variables to its AND matrix. Its unique logic is 
shown in Figure 3-2. Its TRI-STATE® outputs 
are controlled by lines from the AND matrix, so 
can be acted upon by input variables. These 
pins therefore serve as I/O in a bus-oriented en- 
vironment. 

Other medium PALs are the R (Register) 
devices. Figure 3-3 is a simplified diagram 
showing the logic embodied in the R series. 
The unique feature of the Register PAL is the 
D-type register element following each OR 
gate. A common clock input latches data into 
all register elements simultaneously on the ris- 
ing edge of the clock pulse. The register out- 
puts are connected to TRI-STATE buffers, con- 
trolled by a common enable input. 



FIGURE 3-1. Typical Combinational Logic Application . 
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A significant feature of the register PALs is the 
register feedback path to the AND matrix. This 
feedback path allows the PALs to be used in 
state-machine applications in which the feed- 
back loops are all on-chip. These devices are 
especially useful in the design of custom 
registers, shifters, and counters. 

The three register PALs are the 16R8, 16R6, 
and 16R4, which have eight, six, and four 
register elements, respectively. Each has eight 
outputs; those not serving the register 
elements are of the I/O variety, like those on 
the 16L8, above. Their outputs are bus drivers 
that will deliver the standard LS output sink of 
24 mA (l 0L ). 

Two members of the PAL family (16x4 and 
16A4) are referred to as large PALs. These two 
devices facilitate the arithmetic functions, add, 
subtract, greater than, and less than, by means 


of the two additional features shown in Figure 
3-4. The sum of the products (OR outputs) is 
segmented into two, which are then XOR’d to 
the D flip-flop input. This allows carries from 
previous operations to be XOR’d with the two 
variable sums generated by the AND array. 

A second feature is the gating of the register 
feedback path and inputs, forming the terms 
I + Q, I + /Q, /I + Q, and / 1 + IQ. This provides ver- 
satile operations on two variables and 
facilitates the parallel generation of carries. 
These two parts also have bus-driver outputs. 
You can expect “compression ratios” (package 
count reductions) of up to 12:1 by comparison 
with existing combinations of MSI and 
discretes. You can also invent new and unique 
LSI functions with these parts, and implement 
them without having to spend huge sums on 
masks or tooling. 


24 
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Designing the PAL Once a particular PAL 
device is selected, it is time to generate the 
PAL design. This can be done either manually 
or through the use of a software tool called 
PALASM™, described on page 24-41. 


The coding conventions adopted to describe 
PAL programming are described in Figure 
3-20. The arbitrary circuit of Figure 3-21 is us- 
ed as a design example for selecting and 


coding a PAL. Since no registers are called for, 
the device to implement this function may be 
selected from among the H, L, and C types. 
Since the lower part of the diagram displays 
AND-OR-INVERT functions, the L series is 
most likely. 


INPUT LINE NUMBER 


0123456789 


-FUSE INTACT 
-FUSE BLOWN 


PRODUCT ( 9 
E 
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The next step: the number of inputs (10) 
and the numberof outputs (6) indicatesthat 
a 10L8, 12L6, or 16LB could accommodate 
the entire circuit. Since the 10L8 and 12L6 
are "small" PALs and hence less costly than 
the 16L8 "medium" device, the choice 
should be made between these two if 
possible. A review of the 10L8’s logic 
diagram shows that all of its NOR gates are 
two-input gates, and the design example 
requires a three-input gate. On the other 
hand, the 12L6 has two 4-input gates which 
will accommodate the three-input 
requirement. It, therefore, is selected. 
Having chosen an inverting type of PAL, 
you apply DeMorgan’s theorem to handle 
the inversion at the NOR gates feeding all of 
its outputs. Demorgan’s theorem can be 
used to convert any logic form to the AND- 
OR/AND-NOR PAL format. This has been 
done in the equations below; the PAL AND- 
NOR format shown on the right. 

0-, = /I-, s /0 1 = I-, (1) 

C>2 = /l-| • I2 = /O2 = l-j + 1^2 (2) 

03 = 1-1 + f 3 = /0 3 = /l 1 ./l 3 (3) 

0 4 = / ( /l 3 ,| 4 ) = /0 4 = /l 3 *l 4 (4) 

°5 = W 3 * *5 * 'e + ! 7 + *8 • '9^ 


/0 5 = /! 3 * '5 * l 6 + ! 7 + ! 8 * *9 ^ 
°6 = + /l 3 #/l 7 #l 9 #l 10) 


/0 6 = + /l 3* /, 7* , 9* l 10 ^ 


Assuming that there are no board layout con- 
straints, input l-| through I-jq may be assigned 
to pins 1 through 11. (Pin 10 is ground.) The 
only constraint on output pin assignment is 
that O5 must be assigned to pin 13 or 18 to take 
advantage of one of the 4-input NOR gates. 

0-| is assigned to pin 18. To make this output 
the inverse of l-j, leave input line 2 connected 
(not blown) to product line 8 and blow all the re- 
maining fuses on that product line. This is in- 
dicated by the X on the intersection of input 
line 2 and product line 8 in Figure 3-24. 



02 = >i • <2 


FIGURE 3-22. The Logic Diagram and Expres- 
sion for Output 2. 



05 = 13 15 ie + 17 + ie 19 


FIGURE 3-23. The Logic Diagram and Expres- 
sion for Output 5. 
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As the other three inputs to NOR gate 1 are not 
used, they are forced to zero by leaving all 
fuses intact on product lines 9,10, and 11. (As 
shown in Figure 3-20, instead of confusing the 
diagram with many Xs, the unused inputs are 
indicated by Xs in the small AND symbols at 
the NOR gate inputs.) 

The next output, O2, is the AND function of l\-\ 
and I2 (Figure 3-22). In the L series, the AND 
gates cannot be brought to outputs without in- 
version, but by DeMorgan’s theorem, the 
equivalent function can be constructed by tak- 
ing the complements of the two inputs, ORing 
them, and inverting the result. Equation (2), on 
Page 24-36 shows the form that can be coded 
directly into the 12L6. The coding of this ex- 
pression, using pin 1 and the complement of 
pin 2 as inputs 1 and 2, respectively, and pin 17 
as output 2, is marked with Xs on product lines 
1 and 2 in Figure 3-24. 

Output O3 is the OR of l-| and I3. Again, the out- 
put inversion of the L series suggests the 
double-inversion application of DeMorgan’s 
theorem, as shown in Equation (3). To do this, 
connect input lines 3 (l-|) and 5 (I3) to product 
line 24. Since no other input is needed to NOR 
gate 3, its other input is forced low by leaving 
all its fuses intact. The X at the unused gate in- 
put shows this on the diagram. 

Output 0 4 is the NAND function of /I3 and l 4 . 
This is accomplished by ANDing input line 5 
(/I3) and input line 8 (l 4 ) on product line 32, 
which produces /(/ 13 • l 4 ) at the output of NOR 
gate 4, with its unused input tied to 0 (all fuses 
intact). 


Output Oc is generated by ANDing /l 3 , l 5 , and 
lg on product line 48, ANDing lg and lg on line 
50, connecting l 7 to product line 49, and leav- 
ing unused line 51 grounded. (See Figures 3-23 
and 3-24.) 

Output Og is generated by ANDing lg and lg on 
product line 40 and /I3, /I7, lg, and 1 4 q on pro- 
duct line 41, which, inverted by NOR gate 5, 
results in /Og. [See Equation (6).] 

The coding for a completed PAL design must 
be transformed into a format more readily inter- 
preted for execution on commercially available 
PROM programming devices. A form for doing 
this is shown in Figure 3-25. The numbers 
along the top of the figure correspond with the 
input line numbers that appear across the top 
of the logic diagram (Figure 3-24). The product 
term line numbers along the left side of these 
two illustrations correspond also. 

Note that some of the boxes in Figure 3-25 are 
filled in with Gothic L’s. These represent phan- 
tom fuses, which are fuse locations not ac- 
cessible in the given device type but which 
must be accounted for to provide the program- 
mer with the proper data for verification. For 
the present, these entries can be ignored. To 
fill in the remaining boxes, begin with the first 
X marked on the logic diagram, Figure 3-24. It is 
located at the intersection of input line 2 and 
product term 8. Since this is an intact fuse, an 
L (for Low) is entered in the corresponding box 
of Figure 3-25, as detailed below. 


24 
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PROM WORD 



NOTE 

Script L's (*) are used to differentiate 
entries being programmed and entries 
already on the form. In practice, this is 
not necessary. 

Next L’s are entered in all of the blank spaces 
for product term 9 on the form {Fig. 3-25), since 
this is an unused line, as indicated by the X at 
the input to the NOR gate for this product term 
on the logic diagram. Similarly, complete lines 
of L’s are entered for product terms 10 and 11. 
Every X on the logic diagram must be entered 
on the PAL programming form as an L or, in the 
case of the unused gate inputs, as a row of L’s. 
Figure 3-25 is shown with all the necessary L’s 
filled in. 

Since all of the remaining fuses are to be 
blown, H’s must be written into the remaining 
blanks. For clarity, this is not done in Figure 
3-25, but a portion of the completed program- 
ming format is shown below. 

Once the programming format is complete, the 
input line and product term numbers can be 
forgotten. What the format sheet does is 
translate these into their equivalent hex- 
adecimal input words and outputs, in the form 


acceptable by a device that programs 512 x 4 
PROMs. Thus, to program the example current- 
ly under discussion, insert the 12L6 PAL into 
the socket of a suitably configured program- 
mer and enter the following: 


Word 

Output 

No. 

°4 °3 °2 °1 

0 

H 

H H L 

1 

H 

H H L 

2 

H 

L L L 

3 

L 

H H L 

4 

H 

H H L 

5 

L 

H H L 

6 

H 

H H L 

• 


• 

• 


• 

• 


• 

IF 

H 

H H L 

20 

L 

H L L 

21 

L 

L L L 

22 

L 

H L L 

• 


• 

• 


• 

• 


• 

IFF 

L 

L L L 


After the PAL is programmed and verified, it must 
be tested logically in the PAL mode to eliminate 
defects which cannot be tested at the factory 
prior to programming. 


24-39 




Programming Format PAL 12L6 

PATTERN: 

DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


hHinF^ffifunnraninranraiaMGiiaunMM 

^■MMEaMMMMHMMClIJlMMIIlIIlMMIIlHMMIIlClHMMMMMHH 
^■mM?4MMMMMMMC1C1MMCIII]MMC1C]MMC]C1MMMHMMMM| 


fiag^d rararaMiararadrararataDararaEiEiEiEiBiEiEiEi EJEaEJEHEiEJEiEi 

■innrannraranninniraninnnniniiiinninrinriiiiiiimiiiii 
niinniinnnninniinnnnnnnnnnnniiniqiiniiHH 

E«nEaaaBEiEiBHnQHrjaQE4EanQQF<iQiaiarjHanQ«n 


I ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 
nnnnnnnnnnnnnnnnmnnnnnnnnnnninnnn 
kmaEi«E<FiEiBF<iraaEiEiciraHaE)ciaHciorj»aaaaaB 
^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbeh®! 
[fS iaiaiaraiiitamiaiaraiaiaamarararararamigmrauEjmmcaEjpp 
^■nnraranranrararanpiniraiiiinnniiiranrannrannnraiin 
nnr m nraninranirann 

nnnnnnnnnnnnnnnnnnnnnniiiinininrannnn 
■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

u .i.i i.ifririi# vim rnrTifTi» 7«i iirrimrTirTiifTiifTirTarriiTifTnn rTHTim rn mmi ninn i i n Tim 

Hi«iqiqiqiqiiniiini<raiinniinninni4iinnnniqi)iiqi«i«iiiq 

i! a iniaaiinnnii mn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
■nnnniiniinnniinannnnnniinnniiniaiiniiiinn 

| CEIiI3EIElBlElBlBElBIEIElB3B]liB EJEiBl ligEIliiaiiBEHiai iaiia in3ElE3l]I3liaE[!IEll!a 

^Hrararararanraraniranirararanininiraraniranininnnnrannmni 
nnnnnnnnnni hi nnnn i i 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
■nnnnniqnniqNnnnnnnnnnnnnnnnnnniiniqiq 

H'Manini niniKiigniranimiuiiiigmnini nmiraBiniigrnniniotiiiimminmni 

■nnnLqnniiniiiiiinnnaiiniinnniKiHiinnnnnaH 
aiiDKaiaianniiiiiinniiiaiiiaiinniiniinniannnDinin 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
HiiniiiiniiniinigiiniKsniaNniiniqiiniiniiLinririnn 

|i77.T:7.i[r:'m'ii[r>iir'>i[r'iitm[HHr)in'Tiir'Tiir7.3irTi[K4iT^itTT4rr'Ti(ninini>3[i>i(iiiniiriTiiniiTTi iinriT.-i riiirrr4imm»iTi 

■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


iianFiHinuHBuui 


i in mi 
immi 


Irani 

irarai 


iraran 
iraraFJi 
imcit 


I Ml 


B imin»»i»H ini i>n[Hitfn[Tnmii>7nnit>Nimin4 i>ii nTiini ffTnni[TTHvnttn tniffnfmffTiffriiyn4mTi rtT4mi» 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


i mm i 

irarai 


immriMmcu 

immarimrai 




T igaMMriMWMHiiiiiFiaLira^auuFjEnjuirirjriMHFiHg 

|r;2.]:i.iitri itnti>i tiM trntiH t nin:w [Hi5iTiirn[iTirtT4 tiTiitT4 [ninTimnwimnmm niim i miiwiitf^irnnT4iiT'HB»Mi 

HiniqnnnnnKinianiBiannnnniqniqnnnnnnnnnnn 


irarai 


immi 


imrani 


IFT4 


RnnnnrRnnnnnnnnnnnSmnnrapRnnpRnnn 

B Hnnrannnnnnnnnnnnpinnnnnnniianniiniannn 

Mu I m mi I m i itTniTntTTiiTTiFTTiiTTinTitTTitTTifrnrrTjtTTjrmtm rtRimtHiimmmiiimmiiTTi rFTn ttnniiiinjiffia 

^■BBBBBBBBnBBBBBBBBBBBBBBBBBBBBBBB 

nHP4»riE4ra»nE4raraarararaHriraraHFjraraHaPi^rj«aa 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

I^^anaoniiaiiBniinBiiDiiaiiBttaiiiiniaiiHiiiiDniiiiniinaioiiEiiEHiEQiEinaiDittDiEaiEaDEHiESffiDiBiffia 

■HBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBI [1 IBBBI P BBBBBBBBBBBBBB 
nnnnnnnnnnnBnnnniinnnnnniinnnnnnnn 
^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

lTO^miiimiEiiimini iiaim iraii^im nmiij!iBMimtCTWJiii;Minin^M:Miiiii ii!HH:Hira» nPimimimnnqiinqiriiira 

I ^HBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBnB 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
IBBBBBBBOBBBBBBBBBBBUBBBBBBBUIBUUB 

B HnnnnnnnBnnnnnnnnnnnnnniqnnnnnnnHn 

Mil I lirilll I III I HI llll I III llll Illl I HI I lil HIM III I HI I'll! I HI IJII I Ul'llil llll I HI Mil I 111 I IU IIU I III I III MII'I III I UI I III III! U 

^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
^■bbbbbbbbbbbbbdbbbbbbbbbbbbbbbbbbI 
Ibbbbbbbbbbbbbbbdbbbbhbbbbbbbbbbb 
■nnnnnnnnnnnnnnnnnnnnnBnnnnnnnnnn 

i n.i.i.i nTnuiii^nfHKiirarmnjitmnn tmnn nfuinnina iTTjfnTiinifT^fmtmu^imiTJinnnnrmnrumnnHHtTn l 

!9i5!9ISIinnBIlBBB|lBBBBBB|lBBBBBBBBBBBB| 

iqiqnnniinnnnniqnnnnnnminnnnnnnnnnnn 
BBBnBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-25. Programming Format Sheet for National Type 12L6 PALJ 
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designed by writing logic equations to repre- 
sent the desired logic function. The output of 
PALASM is a programming tape that can be 
used as a data input by most PROM program- 
mers that have PAL personality cards. Its out- 
put format can be BHLF, BPNF, or Hex- 
adecimal. 

The simplest way to describe PALASM is with 
a design example. The same arbitrary sample 
function that is described on the previous 
pages is “designed” using PALASM in the 
discussion that follows. The logic diagram is 
shown in Figure 3-21. Figure 3-27 shows the 
logic operators recognized by the assembler. 
Figure 3-28 is the input to PALASM that is 
compiled by the program and generates the 
code for the programming device. 


/ 

★ 

+ 

: + : 
i ★ ; 
0 


FIGURE 3-27. PALASM Operators 



Active High Logic 

Active Low Logic 

(PAL 10H8, 12H6, . Pri=Mn 
14H4, 16H2) LEGEND 

(PAL 10L8, 12L6, , „ c . iri 
14L4! 16L2) LEGEND 

1) Missing Output 

H (P, 1 ) 

L (N,0) -6- 

2) Missing product 

L(N,0) -<?• 


3) Missing input lines 

H (P,1) 

H (P,1) 


Note 1: Missing product term overrides missing input line. 


Note 2: For PAL 16C1, first half of the array (product terms 0-31) acts as active high logic and the second 
half of the array (product terms 32-63) acts as active low logic device. 

FIGURE 3-26. PAL Phantom Fuse Symbology. 


Equal 

Replaced by, following clock 

Complement 

AND, PRODUCT 

OR, SUM 

XOR 

XNOR 

Conditional TRI-STATE IF 
statement, arithmetic 


Executing this sequence programs aType 12L6 
PAL to implement the logic function shown in 
Figure 3-21. Programming format sheets and 
logic diagrams that show all fuse locations for 
all 15 of the PAL devices are shown later in this 
section. 

Phantom Fuses 

Phantom fuse locations are those locations 
where a fuse does not exist. These are revealed 
as missing outputs, missing product terms, or 
missing input lines in the logic diagrams, 
Figures 3-5 through 3-19. PALs with phantom 
fuse locations appear the same to the program- 
ming device as partially programmed 512 x 4 
PROMs. As the programmer expects to verify 
all 2048 locations, the PAL programming for- 
mat must provide the expected pattern for veri- 
fying nonexistent fuse nodes. When filling out 
the programming format, refer to Figure 3-26, 
the key to phantom fuse locations in the com- 
plete logic schematics that follow. 

PALASM ™ 

Manual PAL coding, while practical for one or 
two designs, is far too tedious and error-prone 
for continual use. What is needed is a com- 
puter-aided design technique that automates 
the design process to the highest degree 
possible. One such design aid is a FOR- 
TRAN-IV-based software package called 
PALASM. This design aid allows PALs to be 


24 
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The PALASM program is instructed to generate 
code with which to program the 12L6 by keying 
the sequence shown in Figure 3-28 into its 
host computer as follows: 

Line 1: At the left margin, the PAL device is 
specified. For this example, the 12L6 remains 
the best solution. “PAL DESIGN SPECIFICA- 
TION” is entered at the right. 

Line 2: A unique pattern number for this PAL 

design is entered at the left margin on line 2, 
followed by designer’s name and date. 

Line 3: The name or description of the device 

or function is entered. If this runs over one line, 
Line 4 may be used to complete it. 

Line 4: If not used to complete line 3, this line 

is skipped. 

Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 
Line 

An additional design example using PALASM 
plete PALASM listing. 

FIGURE 3-28. Example of 


Line 5, 6, and 7: These lines are used for pin 
assignments. All 20 of the pins on the PAL are 
assigned symbolic names, usually correspon- 
ding to the symbols used on the logic diagram. 
(Note that GND and V ?c must be included.) 
Assignment starts at pin 1 and proceeds se- 
quentially, through pin 20. (See Figure 3-24 for 
sample pinouts.) 

Line 8: Beginning on line 8, the logic equa- 

tions that describe the required functions are 
written using the symbols defined in lines 5, 6, 
and 7, in the format applicable to the PAL 
selected. For example, the output of the 12L6 
is low for the selected product term; therefore, 
the logic equations must be of the form 
/0 X = f(l-j, l^,...). The symbology used must be 
that shown in Figure 3-27. 


1 PAL 12L6 PAL Design Specification 

2 PAT 1476 Bob Jones 5/10/81 

3 PAL Design Example 

4 

5 'l >2 >3 >4 '5 >6 >7 >8 <9 GND >10 NC °5 

6 0 6 0 4 0 3 0 2 0,UCV cc 

7 

8 /0 1 = <1 

9 I0 2 = li + /1 2 

10 /Oo = /Ih * /lq 

11 /o® - 4 • U 

12 /0 6 - ! 8 * *9 + /! 9 + ! 3 * /! 7 * ' 9 * *10 

13 /0 5 = /l 3 * l 5 * ' 6 + l 7 + >8 * l 9 

14 

15 Description 

16 

17 This program is a design example describing 

18 the use of PALASM as a PAL design aid. 

is shown on page 24-46. This is followed by the com- 

PALASM (TM) Program Input 
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PAL Programming Procedure 


The entire procedure for programming a PAL is shown in the block diagram below. The first step is to 
generate the logic equations and function table and then, using PALASM, to create bit pattern and com- 
pare logic equations with the function table. The third step is to load the bit pattern into a PAL program- 
mer* to program and verify the fuse matrix. The fourth step is functionally testing the PAL with test 
vectors on a functional tester. The last step, blowing the protect verify fuse, is optional. 


PALASM 


PROGRAMMER 


TESTER 



See next page for details of PAL programmers. 
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PAL Programmers 


Manufacturer 

Basic Equipment 

PAL-Modul 

Adapters 

PAL Design- 

Performs 

Storage Media for 1 

Programs I 

Blows 





Software 

Logic 

Bit 

Test 

20- 

24- 

Security 





Included 

Simulation 

Pattern 

Vectors 

Pin 

Pin 

Fuses 

Data I/O 

Model 17, 19, 29A 

1427 

1428-1 

no 

no 

Master 


yes 

no 

no 


or 100 A 


-2 

-3 



PAL 





Digelec 

p P803 

FAM51 

20 + 24 

yes 

no 

Master 

- 

yes 

yes 

yes 




pin socket 



PAL 





Kontron 

EPP 80 or 

MOD 21 

SA 27 + 

no 

no 

Master 

— 

yes 

yes 

yes i 


MPP 80S 


SA 27 - 1 



PAL 





Prolog 

Progr. 910 or 

PM 9068 

S 1 

no 

no 

Master 

— 

yes 

no 

yes 


980 or 


2 



PAL 






NSC Starplex™ 


3 








Stag 

PPX 

PM 202 + 

AM10H8 

yes 

no 

Master 

— 

yes 

no 

yes 



BRAL 

* 



PAL 








AM16C1 









All these systems program and verify the PALs in the PROM mode, they do not perform a logic simulation in the PAL mode 1, Additional (external) circuitry for 
logic simulation should be used if PALs go into volume production— otherwise a ^mall percentage of the PALs will show failures when testing the complete 
PC board! OK for prototype-making. 


PAL Development Systems 


Manufacturer 

Basic Equipment 

PAL-Modul 

Adapters 

PAL Design- 
Software 
Included 

Performs 

Logic 

Simulation 

Storage l\ 
Bit 

Pattern 

fledia for 
Test 
Vectors 

Progi 

20- 

Pin 

rams 

24- 

Pin 

Blows 

Security 

Fuses 

Data I/O 

Model 17, 19, 29A 
or 100 

and any terminal 

Logic-Pack 

Design ad. 
and 

Progr. ad 

yes 

Yes, 

automatic 
or manual 
generation 
of test 
vectors 

Master 

PAL 

external 

yes 

yes 

yes 

Digelec 

pP 803 

FAM 52 

20 and 24- 
pin adapter 

yes 

Yes, 

automatic 
or manual 
generation 
of test 
vectors 

Master 

PAL 

external 

yes 

yes 

yes 

Stag 


ZL 30 


yes 

Yes, 

automatic 
or manual 
generation 
of test 
vectors 

Master 

PAL 

external 

yes 

yes 

yes 

Structured 

Design 

any terminal 

SD20/24 


yes 

Yes, 
manual 
generation 
of test 
vectors 

Master 
PAL or 

on waf 

external 

or 

internal 

ertape 

yes 

yes 

no 


All these systems allow software supported PAL design. They perform a fuse-verity in the PROM mode and can do a logic simulation in the PAL mode! 

All 5 programmers and 4 development systems can be connected with a host computer to run more sophisticated design software and/or for storage use. 










































































































PAL Legend 

Constants 




LOW (L) 

NEGATIVE (N) 

ZERO (0) GND FALSE x 5 

\ FUSE NOT BLOWN 

HIGH (H) 

POSITIVE (P) 

ONE (1) V cc TRUE - 

1 FUSE BLOWN 


Operators = equal 

:= REPLACED BY FOLLOWING CLOCK 
/ COMPLEMENT 
* AND, PRODUCT 
+ OR, SUM 
•• + *• XOR 
: * : XNOR 

( ) CONDITIONAL THREE STATE, IF STATEMENT, ARITHMETIC 


Equations 


Standard 

PALASM 

Q 1 " *1 h + *1 '2 

01 = Il*/I2 + /II * 1 2 

Conventional Symbology 


r~ 




Pf 

3 ~ N. 

-V J ll 12 + ll 12 


12 

L -I 

D K 


PAL Symbology 



LOGIC STATE 



SHORTHAND NOTATION 



PAL Logic Diagram 

ACTIVE HIGH THREE STATE ENABLE 
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Sample PAL Design Specification 


• PAL PART NO. (MUST START AT LINE 1, COLUMN 1) 


■ NAME OF DEVICE (MUST START ON LINE 3) 


PALXXXX ■+ ' / / PAL DESIGN SPECIFICATION 

PATXXXX — / / AUTHOR'S NAME, DATE 

NAME OF DEVICE (EG. CLOCK GENERATOR, PORT ADDRESS DECODER, ETC) 

PINI PIN2 3/4 56789 GND 11 12 13 /14 15 16 /17 

18 19 VCC V 


19 = PINl*4 + /PIN2 ' 


- PIN LIST (MUST START ON LINE S) 
CONSISTS OF 20 SYMBOLIC NAMES WHICH 
ARE CONSECUTIVELY ASSIGNED TO 
PINS 1 THRU 20. • 


18 =5+6+7+ /8+ 9*11 
/17 := 8*9 


16 = 9*8 


IF (PINl*PIN2) 15=3+6 


/14 = 3 + 6 

IF (VCC) 13 = 8*7 + PIN2 


-CONDITIONAL THREE STATE 


-PALASM STOPS COMPILING AT FIRST UNDEFINED SYMBOL 


FUNCTION TABU] 

PINI PIN2 7 8 9 12 13 14 15 16 17 18 19 

H L. X L L H It L II L H H L ; CLLAR 


FIGURE 3-30. Sample PAL Design Specification. 
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Listing 1. PALASM Source Code for 20 Series 


NSC TIME SHARING SERVICES VM/SP RELEASE 2.0 


C*’S‘*PALA3M20$*PALASM2U**PALASM20*<‘PALASM20«‘*PALASn20**PALASM20*«'PALASH2GPALG0010 

PAL00020 

P A L A S M 20 - TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT PAL00030 

CODE FORMATTED FOR DIRECT INPUT TO STANDARD PAL00040 
PROM PROGRAMMERS. PAL00050 


PART NUMBER 


PIN LIST: 


EQUATIONS: 


OPERATORS : 


f.MBOLIC EQUATIONS INTO PAL OBJECT PAL00030 
.‘ED FOR DIRECT INPUT TO STANDARD PAL00040 
I HR S , PA LOGOS 0 

PAL00060 

PAL DESIGN SPECIFICATION ASSIGNED PAL00070 
TO RPD(I). OPERATION CODES ARE PAL00080 
ASSIGNED TO ROP(a). PAL00090 

PAL0010O 

ECHO, SIMULATION, AND FUSE PATTERN PAL0011C 
ARE ASSIGNED TO ?GF(b). il £ K AND PALOO 120 
alNARY PROGRAMMING FORMATS ARE PALOO 130 
ASSIGNED TO PDF(6). PROMPTS AND PAL00140 
ERROR MESSAGES ARE ASSIGNED TO PAL00150 
p MS (o) . PALOO 160 


THE PAL PART NUMBER MUST APPEAR 
IN COLUMN ONE OF LINE ONE. 


20 SYMBOLIC PIN NAMES MUST APPEAR 
STARTING ON LINE FIVE. 


STARTING FIRST LINE AFTER THE 
PIN LIST IN THE FOLLOWING FORMS 


= B ► D 


A := B*C ► D 


IF(A*a) C = D ► E 

A 2 := (A 1 : * : B 1) ► /C 

ALL CHARACTERS FOLLOWING »;• ARE 
IGNORED UNTIL THE NEXT LINE. 


BLANKS ARE IGNORED, 

( IN HIERARCHY OF EVALUATION ) 

; COMMENT FOLLOWS 

/ COMPLEMENT 

* AND (PRODUCT) 

* OR (SUM) 

: XOR (EXCLUSIVE OS) 

X N OR (EXCLUSIVE NOR) 

( ) CONDITIONAL THREE-STATE 
OR FIXED SYMBOL 
= EQUALITY 

;= REPLACED BY (AFTER CLOCK) 


FIXED SYMBOLS 
FOR PAL It X4 
AND PAL 1 o A4 


P A L 0 0 1 2 0 
PALOO 130 
PALOO 140 
P A L 0 0 1 5 0 
PALOO 160 
PALOO 170 
P A L 0 0 1 8 0 
PALOO 190 
PAL00200 
PAL002 I 0 
PAL00220 
PAL0023U 
PAL00240 
PA LOO 25 0 
PAL00260 
PAL00270 
PALOO 280 
P AL00290 
P AL 00 30 0 
P A L 0 0 3 I 0 
PAL00320 
PALOO 330 
P A LOO 34 0 
P AL 00 35 0 
PALOO 3 60 
P A L 0 0 3 7 0 
PALOO 380 
PAL00390 
PAL00400 
PAL004 10 
PAL0042G 
P AL00430 
PAL00440 
PAL00450 
PAL00460 
PAL00470 
P AL00480 
PAL0049G 
P AL00500 
PAL005 I 0 
PAL00520 
PAL00530 
PAL0054 0 
PAL00550 
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FILE: PAL2U 

FORTRAN A NSC TIME 

SHARING SERVICES VM/SP RELEASE 2.0 


' c 

0 N L i : 

(ANt/dN) WHERE N = 0, 1,2,3 

P AL00560 

c 


(«N*dN) FOR OUTPUT PINS 

PAL00570 

J 


(AN) 17, lo, 15, 14, RESP 

PAL0056G 

c 


(/ANV/JN) A IS OUTPUT 

PAL0059u 

c 


(/dN) B IS INPUT 

PAL00600 

c 


(AN: * : L s ) 

PALQ06 1 0 

c 


( A N * / d N ) 

PA LOO 62 0 

c 


(/AN* d.\) 

? A L 0 0 63 0 

c 


( a n : # : 8 n ) 

PA LOO 64 0 

c 


( U I. ) 

PAL00650 

c 


( A N <* 6 N) 

PAL00660 

c 


(/AN) 

PAL0O67U 

c 


(/AN */bH) 

PAL00660 

c 


(/ A N * o N) 

PAL00690 

c 



PAL0070O 

c 

FUNCTION 

L, tl , X, Z, AND C ARE VALID 

j? A LOO 7 1 0 

c 

r A i> L E : 

FUNCTION TABLE VECTOR ENTRIES. 

PAL00720 

c 



P A L 00 7 30 

c 

REFERENCE: 

A COMPLEIE USERS GUIDE TO 

PAL0074 0 

c 


DESIGNING WITH PALS USING PAL ASM 

PA LOO 75 0 

c 


IS PROVIDED IN THE MONOLITHIC 

PAL00760 

c 


MEMORIES PAL HANDBOOK , 

PA LOO 77C 

c 



PALOO 760 

C 

SUBROUTINES : 

IN 1 1 L Z , G E T 3 Y M , I NCR ,. MATCH , r I X S Y M , 

PAL0079G 

c 


IX LATE, ECHO, CAT, PINOUT , PLOT , TWEEN , 

PAL00300 

c 


dlNR,rlEA,SLiP,FANrOM,IODC2, 10 DC4 , 

P A L 0 0 b 1 0 

c 


TEST , FIX T S T 

PALO 0620 

c 



PAL00830 

c 

REV LEVEL: 

02/12/62 (VAX/VMS VERSION) 

PAL00840 

c 


03/ 14/62 . (SA 1/S AO FAULT TESTING) 

PALO 0850 

c 


10/1 S/6 2 (JED EC FORMAT) 

PAL0086O 

c 


Jy : I a t iy a z Bengal i 

PAL00o70 

c 



P ALO J83U 

c 

k j i'fiOES: 

JOHN dIRKNER AND VINCENT CO LI 

PAL00890 

c 


.MONOLITHIC MEMORIES INC. 

P A LO 0900 

c 


1165 EAST AR3UES AVENUE 

? A L 0 0 3 1 0 

c 


SUNNYVALE, CALIFORNIA 9404 J 

PAL00920 

c 


(406) 739-3535 

PAL0O93J 

c 



PAL0094 0 

c 

FINE PRINT: 

.MONOLITHIC MEMORIES TAKES NO 

PAL0095U 

c 


RESPONSIolLITY FOR THE OPERATION 

PAL00960 

c 


OR MAINTENANCE OF THIS PROGRAM. 

PAL00970 

c 


THE SJUHCE CODE AS PRINTED HERE 

PAL0096C 

c 


PRODUCED THE OBJECT CODE OF THE 

P AL00990 

c 


EXAMPLES IN THE APPLICATIONS 

PALO 100., 

c 


SECTION ON A VAX/VMS 11/76J 

PALO 10 1 0 

c 


COMPUTER AND A NATIONAL CSS IBM 

PALO 1020 

c 


5 Y ST EM/ 3 7 0 FORTRAN IV (G) . 

PALO 1030 

c 



PALO 1040 


c 



PALO 1 060 

c 



PALO 1070 


c 



PALO 105 0 

c 



PALO 1 100 
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FILE: 

PAL2Q FORTRAN A NSC TIME SHARING SERVICES VM/SP RELEASE 2.0 


c • 

MAIN PROGRAM 

PAL01 110 

c 


P A L 0 1 1 2 0 


IMPLICIT INTEGER (A-Z) 

PALO 1 130 


INTEGER I PAL (4), REST (7 3) , PAINUM (80) .TITLE (80) , COMP (80) , 

PALO 1 140 


1 I3YM (8, 20) , idUF (8, 20) 

PAL01 150 


LOGICAL LB LANK , LLEFT , LAND, LOR , LSLAS 11, LEQUAL, LEIGH T.LXOR , LX NOR, 

PALO 1 160 


1 LFIX,LFIRSr,LMATCH,LF0SES(32,64) ,LPHASE(20) ,LBUF(20) , 

PALO 1 170 


2 LPROD (30) ,LSAME, LACT, LOPERR, LINP.LPRD, LERR, LS A 1 1 , LSAOI 

PALO 1 180 


INTEGER BEL 

PALO 1 190 


COMMON LBLANK , LLEFT, LANE, LOR, LS L AS H , L EQU AL , L R IGHT , LXOR , LX NOR 

PALO 1 200 


COMMON /PG £/ IPAGE (30, 200) 

PALO 1 2 1 0 


COMMON /LFOSES/LFUSES 

PALO 1 220 


COMMON /LUNIT/ PNS.POF.PDF 

PALO 1230 


COMMON /FT ESI/ IFUNCT, IOESC ,IEND 

PALO 1 240 


DATA E/'E , /iO/ , 0 , /,1'/'T'/.P/'P7|B/ , B i /,9/'8'/iS/ , 5'/iI./ , L'/. 

PALO 1 250 


i N/'N'/.C/'C V.Q/'OV.U/'U'/, f/'fv, R/'RV, A/* A’/.I/' i'/, 

PALO 1 260 


2 J/*J«/ 

PALO 1 270 


DATA BB/» B'/.CC/' C'/, DD/'D'/. E E/ • E •/ , FF/ • F • / , 11/ • I • / , J J/» J ' / , 

PALO 1280 


1 NN/' H'/.OO/'O'/, PP/'P'/.RR/'R'/, SS/ 1 S • / , TT/ • T • / , 00 / • 0'/ 

PALO 1 290 


DATA BEL/Z07000000/ 

PALO 1300 

c 


PAL01310 

c 


PALO 1320 

c 

ASSIGNMENT OF DATA SET REFERENCES 

PALO 1 330 

c 

RPi) - PAL DESIGN SPECIFICATION (INPUT) 

PAL01 340 

c 

ROC - OPERATION CODE (INPUT) 

PALO 1 350 

c 

POF - ECHO, PINOUT, TEST, AND PLOT (OUTPUT) 

PALO 1 360 

c 

PDF - HEX AND BINARY FORMAT PROGRAM TAPES (OUTPUT) 

PALO 1370 

c 

P MS - PROMPTS AND ERROR MESSAGES (OUTPUT) 

PALO 1380 


WRITE (6, 3) 

PALO 1 390 

3 

FORMAT (/ , • PALASM VERSION 1.5') 

PALO 1400 


WRITE (b, 1) 

PALO 1410 

1 

FORMAT (/, ' WHAT IS THE LOGICAL UNIT NUMBER FOR OUTPUT(b)?: •) 

PALO 1420 


READ (5, 2) LUN 

PALO 1 430 

2 

FORMAT (I*) 

PALO 1440 


RPD= 1 

PALO 1450 


ROC = 5 

PALO 1460 


PO F = 6 

PALO 1470 


PDF = 6 

PALO 1480 


PMS* 10 

PALO 1490 


I FU NCT= 0 

PALO 15U0 


I D E SC = 0 

PALO 1510 

C 

INITIALIZE LSAME AND LACT TO FALSE (ACTIVE HIGH/LOW ERROR) 

PALO 1520 


LSAME-. FALSE, 

PALO 1530 


LACT= .FALSE. 

PALO 1540 

c 

INITIALIZE LOPERR TO FALSE (OUTPUT PiN ERROR) 

PALO 1550 


LOPERR=. FALSE. 

PALO 1560 

c 

INITIALIZE LINP TO FALSE (INPUT PIN ERROR) 

PALO 1 57 0 


L LN P= , F A LS E , 

PALO 1580 

c 

INITIALIZE LPRD TO FALSE (PRODUCT LINE ERROR) 

PAL01590 


LPH D= . FALSE, 

PALO 1 600 

c 

READ IN FIRST 4 LINES OF THE PAL DESIGN S PECI F IC A TIO N 

PALO 16 10 


READ (3PD, 10) IPAL, INOAI, IOT, I NOO, REST, PATNUM, TITLE, COMP 

PALO 1 620 

10 

FORMAT(4A1,A1,A1,A1,73A1,/,80A1,/,80A1,/,80A1) 

PALO 1630 

c 

READ IN PIN LIST (LINE 5) THROUGH THE END OF THE PAL DESIGN 

PAL01 640 

c 

SPECIFICATION 

PALO 1650 
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FILE: PU20 FORTRAN A NSC TIKE SHARING SERVICES Vil/SP RELEASE 

2.0 

> 

LOPERR= . TRUE . 

PAL022 10 


I F ( ITYPE.EQ.4.AND., (i HATCH . LI . 1 5 .OR . IMATCH .GI , 16) ) 

PALO 2220 

1 

LOP ER R= . TR U E , 

PAL02230 


I F ( (LACT) .OR . (LOPERRj ) GO TO IOC 

PAL02240 


1 8 3PHO= ( 19-IHATCrt) *3 ► 1 

PAL02250 

C 

START PALlbCl ON PRODUCT LINE 24 (I3dPRO=25) 

PAL02260 


IF(Iur.EO.C) i.83PttO = 25 

PAL02270 


IC = 0 

PAL02280 

30 

CALL INCH (IC, I L, LFIX) 

PAL02290 


I F ( . NOT. (LEQUAL . OR . LL£ FT) ) GO TO 30 

PAL02300 


LP ROD (I88PRO) =. TRUE. 

PAL02310 


IF ( (.NOT.LLEFT) . AND. (3tST(i) .NE.PP) ) CALL SLIP ( LFUSES, 

PAL02320 

l 

I8 8PRO, I NO A I , IOT, IROU.lbLOW) 

PALO 2 330 


DO 70 id PRO= 1 , t 6 

PAL02340 


COUNT = COUNT f, 1 

PAL02 350 


I F ( (LXOS) . AND. I8PRO. NE. 5 ) GO TO 70 

P A L 0 2 360 


IPROD = I 88 PRO ► 16PRO - i 

PA LO 2 37 0 


LPROD (IPROD) = . TRUE. 

PALO 2380 


LFIRST= , TRU E. 

PALO 2390 

50 

I LL=IL 

PAL02400 


CALL GETS Yfl ( LBLF , 1 8UF, 1 , IC , I L , L FI X) 

PAL02410 


I F ( (ITYP E. EQ. 1 .OR . ITYPE. Eg . 2.ANU.IPRD, ST . 1 3 

PALG2420 

1 

. AND .1 PrtL . LI . 18) . AND. COUNT ,GT. 2 ) LPRD=.TRU£. 

PAL02430 


I F ( (riYPE,E0.3.OR.ITYPE.W.2.AND.(IPRD.EQ,l3.OR. 

P A LO 244 0 

t 

IPRD.Eg. '3) ) , AND. COUNT, GT. 4 ) LPRD = , TRUE , 

PAL02450 


I F ( IOT ,NE. A.AND.IOT, NE.C, AND, COUNT, GT.d ) LPRD=,TRUE. 

PAL02460 


1 F ( .NOT. LPR 0 ) GO TO b9 

PAL02470 


IF (IL.NE.IFU NC T .AND. IL. NE. ID ESC) X L L = I L 

PAL02480 


IPROD = IPROD - I 

PALO 2 490 


kJ TO lib 

PAL02500 

69 

IF (LFIX) GO TO 58 

PAL025 10 


CALL RAICH ( I tl A T C H , I b U F , I S Y M ) 

PAL02520 

C 

CHECK FOR INVALID INPUT PIN 

PAL02530 


I F ( ITYPE.Sg. l.AND. (THATCH. GE. 12. AND, IHAICH.LE, 19) ) 

PAL02540 

1 

L I N P = , T h U E, 

PAL02550 


I F ( ITYPE.E.) . 2. AND. (IHATCH.GE. 1 3, AND, IHATCH.LE. Id) ) 

PAL02560 

1 

LI NP=. TRUE. 

PAL02570 


I F ( ITYPE, Ey. 3.AMD. (IMATCtl.GE. 1 4 , AND , IR ATC H . L E , 17) ) 

PALO 2580 

I 

LIN pa. TRUE. 

PAL 0 2 59 0 


I F ( ITYPE. Eg, 4, AND. (IHATCH. EQ. IS. OR, THATCH, E3, 16) ) 

PAL02600 

1 

LIN P=, TRUE. 

PAL026 10 


I F ( IT YPE, Eg, 5. AND. (IHATCH.Eg . 12. OR, IHATCH. Eg. 19) ) 

PAL02620 

1 

LI N P= , TRU E , 

PAL02630 


I F ( ITYPE. Eg. 6. AND. (IHATCH. EQ, 1. OR. IHATCH. Eg, 1 1) ) 

PAL02640 

1 

LIN P=. TRUE. 

PAL02650 


I L L = 1 L 

P AL02660 


IF (LIMP) GO TO 100 

PAL02670 


I F ( IHATCH. Kg. 0 ) GO TO ICO 

PALO 2 63 0 


I F ( IHATCH.Eg. 10. OR .IMAICH.Eg. 99 ) GO TO d4 

PAL 0 269 0 


IF (, NOT , L FI R ST) GO 10 58 

PAL02 700 


LFIRST= . FALSE. 

PAL0271U 


DO 5b 1=1,32 

PAL02720 


I 3 LOW * IBLOw ► 1 

PAL02730 

56 

L FUSES (I , IPROD) =.TRUE . 

PAL02740 

58 

CALL IXLATE (IIN PUT, IHATCH , LPHASE, LB JF, ITYPE) 

PAL02750 
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IF (ILNPUT. uE.O) GO TO 80 

PAL0276U 



I B L 0 w = I B L 0 W - 1 

PAL0277U 



LFUS£S(IINPJr,lPROD)=.FALSE. 

PAL027B0 



CALL PLOT (LBU F, luUr , LFUSK5 , IPROO, TITLE, . FALSE ., IT YPE , 

PAL02790 



1 LPHOD, luP ,IBLuN , IPC7N) 

PALQ2800 



GO TO do 

PAL02B1U 


59 

CALL FIXS f M (LBl! F , I B 0 F , 1 C , I L , LFIRST.L FUSES, I BLOW , 

PAL02820 



1 IPhO'J, LFIX) 

PAL02830 


faO 

IF (LAND) uO 7 0 bo 

P A LO 2 84 0 


b 4 

I F ( , SO r . LRIGHT) GO i'O oB 

PAL028bO 


6 6 

CALL I N C rt iIC, IL, LFIX) 

P ALO20bO 



lF(.NOr.LEOIAL) GO TO b 8 

PA LOT 8 7 0 


u 8 

IF ( , NOT. (L0R.0R.LE2JAL) } GO TO 74 

PAL02B80 


70 

CONTINUE 

P A LO 2 89 C 


74 

I L L = I L 

PAL02900 



CALL G E T j Y M (LcUF, IBUF, 1 , IC , I L , L F I X) 

P A L 0 2 9 1 0 



IF ( L L £ F T , 0 R . LEO UAL) Go TO 2d 

PAL0292U 


100 

I F ( ILL. E«< , I FUNCT .OR. I LL. £2. IDESC ) GO TO 102 

PAL02930 

c 


PRINT AN ERROR MESSAGE IF U N R ECOGN I L A BL E SYMBOL 

PALO 294 0 



ILERR = ILL* , 4 

PALG29bO 



WHITE (PftS , 99) BEL 

PAL0296U 


5 9 

FORMAT ( 1 • , A 1) 

PALO 29 7 0 



WRITE ( P M 3 , lol) (IBUF ( i , 1) , 1= 1 ,o) , I L £ RR , ( I PAG E ( I , I LL) , 1= 1 , oO) 

P A LO 296 0 


10 1 

FORMAT (/,’ ERROR SYMBOL = '.IlAl,' IN LINE NUMBER ',Ii, 

PALO 2990 



1 /,' ' f B 0 A 1 ) 

? AL03000 

c 


PRINT AN ERROR MESSAGE FOR ACTIVE HIGH/LO* PART 

PALO 30 1 0 



I F ( (LAC1) , AND , ( LSAMS) , AND. (. NOT. LOPERR) ) 

P AL03020 



1 WRITE (PM 5, 13 3) IPAL, INOAI, 10 X, IN 00 

PAL0303J 


10 1 

FORMAT ( ' OUTPUT MUST BE INVERTED SINCE ' , 4 A 1 , A 1 , A 1 , A 1 , 

PALO 3 040 



1 ' IS AN ACTIVE LOW DEVICE'; 

PAL030bD 



I F ( (LACT) .AND. (.NOT. LSAKE) .AND. (.NOT. LOPERR) ) 

PAL03060 



1 WRITE (PMS, 1J9) IPAL. INOAI, IOT, INOO 

PALO 307 0 


109 

F 0 it M AT ( 1 OUTPUT CANNOT BE INVERTED SINCE * , 4 A 1 , A 1 , A 1 , A 1 , 

P A LO 3 08 0 



1 ' IS AN ACIIVE HIGH DEVICE') 

PAL03090 

c 


PRINT AN tRROK MESSAGE FOR AN INVALID OUTPUT PIN 

PAL03 10 J 



1 F ( ( LOPERR) . An D . IMATCH . N £ . 0 ) 

PAL03 1 1 J 



1 WS IT E (PMS , 10b) IMATCH, IPAL, INOni, IOT, INOO 

PALE 3 1 2 G 


IOS 

FORMAT (' THIS PIN NUMBER ',12,' IS AN INVALID OUTPUT PIN', 

PAL03 130 



1 ' FOR ' , 4 A 1 , A 1 , A 1 , * 1) 

PAL0 3 140 

c 


PRINT AN ERROR MESSAGE FOR AN INVALID INPUT PIN 

PAL03 IbO 



IF (LIMP) WRI T£ (PMS, 1 lb) I M ATC H , I P A L , I NO A I , I OT , I NOO 

P A LO 3 1 6 u 


1 lb 

FORMAT ( ' THIS PIN NUMBER ',12,' IS AN INVALID INPUT PIN', 

PAL03170 



1 ' FOR ',4Al,Al,Al,Al) 

PALO 3 180 

c 


PRINT AN ERROR MESSAGE FOR INVALID PRODUCT LINE 

PAL03 190 


1 IB 

I L E R R = I L L ► 4 

P.AL03200 



IF (LPKD) WRITE (PMS, 1 15) 

PALO 3 2 1 0 



1 (IS YM (I, I P RD) , I- l,d),IPKJ,ILERR, ( I ? AG E ( I , I LL) , 1= 1 , BU) 

PALO 3 220 


1 1 9 

FORMAT ( / , ' OUTPUT PIN NAME = ',OAl,' OUTPUT PIN NUMBER = ’,12, 

PAL03230 



1 /,' A INTER/*. IN LINE NUMBER ',13,/,' ',duAl) 

PAL03 240 



I F ( LP RD. ANO.COUNT.Lr, d ) 

PAL032b0 



1 WRITE IPMS, 1 Id) I PROD , I ? A L , I NO A I , IOT , I N 00 

P ALO 3 2b 0 


1 1 6 

FDmMAI'C THIS PRODUCT LINE NUMBER ',12,' IS NOT VALID', 

PALO 3 27 0 



1 ' FOR ' , 4 A 1 , A 1 , A 1 , A 1 ) 

PALO 3280 



I F ( LPKD. AND. COUNT. GT. 3 ) 

PALO 3 29 0 



1 WRITE (PMS, 1 1 7) IPAL, INOAI, IOT, I NOO 

I 

PAL03300 
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117 FORMAT ( ' rt A X I U M OF 6 PRODUCT LINES ARE VALID FOR • , 4 A 1 , A I , A 1 , A 1 , 

1 TOO MANY MINTERMS ARE SPECIFIED IN THIS EQUATION*) 

STOP 

102 IF (I TYPE, LE, 4) CALL TWEEK (ITYPE , IOT, LFUSES) 

106 WRITE (b, 106) 

106 FORMAT (/ , * OPERATION CODES:') 

WRITE (6, 107) 

107 FOR MAT (/, ' E=ECHO INPUT 0 = PIN0UT T=SIMULATE P=PLOT 3=3R IEF * , 

1 /, ' H = H EX S = SHORT L = B H L F N = BN PF C=C ATALOG Q=QUIT*, 

2 /,* F=FAULT TESTING J=JEDEC FOKMAT*) 

WRITE (6,110) 

110 FORMAT (/, ' ENTER OPERATION CODE: •) 

READ (ROC, 120) IOP 
120 FORMAT (A I) 

C CALL IODC2 

IF (POF.NE.6) WRITE (POF, 125) 

125 FORMAT (' I ') 

IF(IOP.EQ.E) CALL ECH 0 ( IP A L , I NO A1 , IOT , I N 00 , R ESI , P AT N UM, T I T L E , 

I COMP) 

IF (IOP.EQ.O) CALL PI N OU T ( I P A L , I NO A I , IOT , I NOO , T I T L E) 

IF (IOP.EQ.T) CALL T EST ( L PH A S E , L BU F , TIT L E , IC , I L , I L E , I S YH , I BU F , 

1 ITYPE, I N 00, L FIX, I PCTR , LE RR , I S AF , IPCT R 1 , 

2 .FALSE, ..FALSE.) 

C INITIALIZING THE IOT A L FAULTS. CALLING FOR SA1/SA0 TEST 

1 3 A F = 0 

IF (IOP.EQ, F) GO TO 20 0 
IF (IOP. EQ. JJ) CALL PLG1F 

135 IF(IOP.EQ.P) CALL PLOT ( LBUF , I BU F , L FU SES , IPHOD , TITLE ,. TRU E ., ITY P E , 
1 LPROD,IOP, IB LOW, IPCTRO) 

IF(IOP.Eq.B) CALL PLOT (LBil F , I BU F , LFUSES , I PROD , TITLE , . TR U E . , IT Y PE , 
1 LPROD, IOP.IBLOW, IPCTRO) 

IF(IOP.Ew.K) CALL HEX (LFUSES , H) 

IF(IOP.EQ.S) CALL HEX (LFUSES, S) 

IF(IOP.EQ.L) CALL BI N R (L FUS t S , H , L) 

IF(IOP.EQ.N) CALL BINE (LFUSES, P,N) 

IF(IOP.EQ.C) CALL CAT 
C CALL IGQC9 

IF (IOP.NE.Q ) GO .TO 108 
STOP 
C 

C SETTING THE PARAMETERS FOR SA1/SA0 TESTS 

200 IPC IR=0 

CALL TEST (L PHASE, LBU F , T IT LE , IC , I L , I L E , I S Y H , I BU F , I T Y P E , 

1 I NOO, I FIX, I PCTR, LERR, IS A F, I PC TR1, .FALSE., .FALSE.) 

IPCTRO=IPCTR 

C LOOPING FOR SA1 TEST 

DO 210 IPCTS 1=1, IPCTRO 
LSA 1 1 = . TRUE , 

CALL TEST (L PHASE, LBUF, TITLE ,IC,IL,ILE,I3Y»,IBUF,ITYPE, 

1 INOO,IFIX,IPCTR,LERR,ISAF,IPCTRl,LSA1 I, .FALSE.) 

210 CONTINUE 
ISA1=I3AF 

C LOOPING FOR SAO TEST 

DO 215 IPCTR 1 = 3, IPCTRO 
LSAO 1 = , TRUE. 


PAL033 10 
PALO 3320 
PAL0333 0 
PALO 3 39 0 
PAL03350 
PALO 3 360 
PA LO 33 7 0 
PAL03360 
PAL0339 0 
P ALO 3900 
PAL039 10 
PAL0392Q 
PALO 39 30 
PAL0399G 
PALO 3950 
PAL03960 
PAL03970 
PALO 39 80 
PAL03990 
PAL03500 
PALO 3 510 
PAL03520 
PAL03530 
PAL03590 
PA LO 355 0 
PALO 3560 
PAL03570 
PAL03580 
PAL03590 
PAL03600 
PAL03610 
PALO 3620 
PAL03630 
PAL03690 
PAL03650 
PAL03660 
PAL03670 
PALO 3660 
PAL0369 0 
PAL03 700 
PAL037 10 
PAL0372G 
PAL03730 
PAL03790 
PALO 3 750 
PAL03760 
PALO 3 770 
PALO 3780 
PALO 3 790 
PAL03800 
PAL03810 
PALO 3 820 
PALO 383 0 
PAL03390 
PAL038S0 
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CALL TEST (LPHASS, LB'Jr , TITLE , IC, IL , ILE,ISYM,IBUF, IT If PE , 
l INOO, I FIX, IPCTK, LEHR, ISAF.IPCTR I, . FALSE. , LS AC I) 

2 I 5 CONTINUE 

IS AO=ISAF-ISA 1 

IFAULT= (TSAF* 100)/ (IPCTR0*2) 

WRITE (POF, 220) ISA1 

22 0 FORMAT (/ , 1 NUKaER OF STUCK AT ONE (SAt) FAULTS ARE =• IJ) 
WRI TE (POF, 225) 1 5 AO 

22 5 FORMAT (/, ' NUMBER OF STUCK AT EERO (SAG) FAULTS ARE =' IJ) 
WRI TE (POF, 2 JO) IFAULT 

2)0 FORMAT (/ , • PRODUCT TERM COVERAGE =' I J , ' A 

GO TO 1)5 
C 

E it 0 
C 

C st*#**#*#*?**!:!!^ SUBROUTINE IS ADDED FOrt JEOEC FO n M A T **'* ***** * 

C THE FOLLOWING SUBROUTINE GIVES JEOEC FORMATTED OUTPUT FOR 
C PROGRAMMING COMPATIBILITY WITH DATA I/O PROGRAMMERS 
SUBROUTINE PLOTF 
IMPLICIT INTEGER ( A - Z ) 

LOGICAL LFUSE5 (J 2,64) 

INTEGER IPUU F (32) .ZERO, ONE 

INTEGER I3UM(4),IiiDfl,STX,ETX,IDEC(4),IPT,IINP,J1,J2 
INTEGER 1 0 EC 10 (4) ,ISUMV(4) ,ISUMI0(4) ,BUFIO(32) 

COMMON /LUNIT/ PMS.POF.POF 
COMMON / I P T/ IPT 
COMMON /LFUSES/ LFUSES 
COMMON /SUM/ ISUfi, I D s,C , I P BU F , BU HO 
DATA ZERO/'C'/t ONE/' I'/ 

I A u R = 0 
ST X= 2 
E TX = j 

i s u a ( 2 ) = o 

IS UM (4) =2 30 
WRITE (PDF, 10) ST X 
10 FORMAT ( ' ' , A 1, 'vFO*') 

DO 300 IPT=t,fa4 
DO 50 IINpa 1 , 32 

IF (LFUSES (IINP, IPT) ) I P bU F ( 1 1 NP) =0 N E 
IF ( . NOT . (LFUSEs (IINP, IPT) ) ) I PBU F (I I NP) = Z ERO 
50 CONTINUE 

IF (LFUSES ( 1 , IP T) ) GO TO 100 
IF (. NOT . LFUSES (2, IPT) ) GO TO 2 50 
100 I DEC ( 4 ) = I A D R 
DO 150 J = 1 , 3 
J I = 5- J 
J 2 = 4- J 

IDEC (J2) =ID£C (J 1) / to 
10EC(Jl)=iDEC ( J 1 ) - 1 0 * I D EC ( J 2 ) 

I DEC 10 (J I) > ICON V (IDEC (J 1) ) 

150 CONTINUE 

I D EC I 0 ( t) = ICONV (IDEC ( t) ) 

CALL SUrtCHK 

WRITE (PDF, 20 1) ID EC 10, IPbUF 
2 0 1 FORMAT ( ' L»,4Al,' , ,d(4Al,' • ) .'<=•) 


P A LO 386 u 
PALO 3 8 7 0 
PAL03880 
PAL03890 
PAL03900 
PALO 39 1 0 
PAL03920 
PAL03930 
PALO 394 0 
PALO 3950 
',//) PAL03960 

PAL03970 
PALO 3980 
PALO J 990 
P A L 0 4 0 0 C 
P A L C 4 0 I 0 
PA L04020 
PAL04030 
PA L 04 04 0 
P A L 04 OS 0 
PAL04060 
PAL04070 
PA L 04 08 0 
P A L 04 09 j 
PAL04 100 
PAL04 l 1 0 
PAL04 120 
? A LO 4 130 
PAL04 140 
PA L04 150 
PAL04 160 
PAL04 170 
PALO 4 180 
PA L 04 190 
PAL04 200 
PAL 04 2 10 
PAL04220 
PAL04 230 
PAL04 240 
PAL04250 
PAL042b0 
PAL04270 
PAL0426 J 
P AL04290 
PAL04300 
PAL043 1 0 
PAL04 320 
PAL04 33 0 
PAL04340 
PAL04 350 
P AL04 360 
PAL04 370 
PAL04 380 
PAL04390 
PAL044C0 
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250 IADR=IADR*- 3 2 
300 CONTINUE 

I5UKI0(1) =ICONV (ISUM(2)/16) 

ISUfi (2) = MOD (ISUM (2) , 16) 

I S U M 1 0 (2) -ICONV (ISUM (2) ) 

ISUMIO(3) =ICONV (ISUM(4)/1b) 

ISU:i (4) = MOD (ISUM (4) , 16) 

ISJMIO (4) =ICONV (ISUM ( 4 ) ) 

WRITE (PDF, 400) ETX.ISUMIO 
400 FORMAT ( ' *• , A 1 ,4A I, • *• ,/) 

RETURN 

END 

C 

$ <t * £$* 

C 

C THIS SUBROUTINE CALCULATES THE SUMCHECK 
SUBROUTINE SUMCHK 
'IMPLICIT INTEGER (A-Z) 

LOGICAL LFUSES (32 ,64) 

INTEGER IPBUF(32) , BUFIO(32) 

INTEGER ISUtl (4) , IDEC (4) 

COMMON /IPT/ IPT 
COMMON /LFUSES/ LFUSES 
COMMON/SUM/ ISUM, IDEC, IPBUF, BUFIO 
DO 50 J= 1 , 32 

IF (LFUSES (J , IPT) ) BUFIO ( J) =40 

IF (. NOT. LFUSES (J, IPT) ) 8UFI0(J)=48 

ISUM (4) = 1 S U M (4) fBUFIO(J) 

IF (ISUM (4 ) . G E , 256) ISU M (2) = I S UM ( 2) H 
ISUM (4) -MOD (ISUM (4) , 256) 

50 CONTINUE 

DO 100 J= 1 , 4 

ISUM (4) -ISUM (4) HDEC(J) >4 d 
IF (ISUM (4) ,GE. 25b) ISUM (2) -ISUM (2) » 1 
. ISUM (4) -MOD (ISUM (4) , 25b) 

100 CONTINUE 

ISUM (4) = ISUM (4) i- 173 
ISUM (2) = I SU M (2) *■ 1 

IF (ISUM (4) .GE. 256) ISUM (2) =ISUM (2) H 
ISUM (4) =MOD (ISUM (4) , 256) 

RETURN 

END 

£***#$ W**#*#*# &#&***■**#**#****#«*$$* + $$■*#&#* *#$**<* 

C 

c 

INTEGER FUNCTION ICONV (K) 

IMPLICIT INTEGER (A-Z) 

DATA A/ 1 0 1 / , 8/ ’ l , /rC/'2'/,D/ , 3'/,E/' | t7.f/ , 57rS/'b'/,H/'7'/ 
DATA I/ , 8 , /.0/ , 9'/.I/' AV»L/' B'/ f M/'C'/, N/'D'/.O/' S'/.P/' F*/ 
IF(K.EQ.O) ICO NV = A 
IF(K.EQ.l) ICONV=B 
I F (K ■ E%! . 2) ICONV -C 
IF (K.Ey.3) ICO NV = D 
IF (K.EQ.4) ICONV = E 
IF(K,EU,5) ICO NV = F 


PAL044 I 0 
PAL0442U 
PAL04430 
PAL04440 
PAL0445O 
PAL04460 
P AL044 7 0 
PAL04480 
PAL04490 
PAL04500 
PAL045 10 
PAL04520 
PAL04530 
PAL 0454 0 
PAL04550 
PAL04560 
PAL0457C 
PAL04580 
PAL04590 
PAL 04 60 0 
PAL046 10 
PAL04620 
PAL04630 
PAL0464G 
PAL04650 
PAL04660 
PAL04670 
PAL04680 
PAL 04 69 0 
PAL04700 
PAL04710 
PALC4720 
PAL04730 
PAL 04 74 0 
PAL04750 
P A L 04 76 0 
PAL 04 77 0 
PAL04780 
PAL04 790 
PAL0480Q 
PAL04B 1 0 
PAL04B20 
PAL04830 
PAL04840 
PAL 04 85 0 
PAL04860 
PAL04870 
PAL0488 0 
PAL04890 
PAL04900 
PAL04910 
PAL04920 
PAL04930 
PAL04940 
PAL04950 
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IF (K . E Q . 6) I C 0 N V = G PAL04960 

IF (K . EQ , 7} I C 0 N V = H PALQ4970 

IF (K.EQ.O) I CO NV = I PAL049B0 

IF ( K . E 3 , 9 ) I C 0 N V = J PAL04 990 

IF ( K . £ Q , IO)ICONV=X PAL05000 

IF (K. £2. 1 1) ICONV=L PAL05010 

IF (K. t v . 12) ICONV=tt PAL05020 

IF (K . EQ , 13) I CO N V = N PAL05030 

IF (K, Z Q , 14) 1 C 0 N V = Q PAL0504 0 

IF (K. Eg. 15) ICONV=P PAL05050 

RETURN PALG506U 

END PAL05070 

C PAL0S080 

C PAL05090 

C PALOS 1 1 0 

SUBROUTINE I N IT LZ (I NO A I , 10 T , I NOO , IT Y PE , L FUS SS , IC , IL , I BLO W , L FIX , PAL05120 

1 IPCTR) PALOS 13 0 

C THIS SUBROUTINE INITIALIZES VARIABLES AND MATCHES PAL PART PAL05140 

C NUMBER WITH ITYPE PAL 05 ISO 

IMPLICIT INTEGER (A-Z) PAL05I60 

LOGICAL LBLANK , LL EFT, LAND, LOR , LS LASH, L EQUAL, LRIGHT, LXOR , LXNOR, PALOS 1 70 
l LFI X , L FUSES ( 3 2 , 64) PAL05180 

COMMON L3LANK,LLEFf,LANG,LOS,LSLASH,LEQUAL,LRIGHT,LXOR,LX/iOfl PAL 05190 

COMMON / P G £ / IPAGE (80, 200) PAL05200 

DATA H/ • ii 1 / , L/ 1 L • / , C/ ’ C • / , 3/ 1 S'/, X/ * X ' / , A/ • A ' / , PAL05210 

1 10/' 0 •/. I 2/ ' 2' /, !4/» 4 '/ , 16/* 6* /, IB/* 8 '/ PAL05220 

C INITIALIZE LFUSES ARRAY (FUSE ARRAY) PAL05230 

DO 20 J= 1 , 64 PAL0524 0 

DO 20 1=1,32 PAL05250 

20 LFUSES (I , J) =. FA LSt. PAL05260 

C INITIALIZE IBLOW (NU.IoZH OF FUSES BLOWN) PAL05270 

I 3 LO W = 0 PAL05280 

C INITIALIZE IPCTR (NUMBER OF PRODUCT TERMS) PAL05290 

I PCTR =0 PAL0530U 

C INITIALIZE IC AND XL (COLUMN AND LINE POINTERS) PALO5JI0 

IC=G PAL05320 

I L= 1 PAL05 330 

C INITIALIZE ITYPE (PAL PART TYPE) PAL05340 

IT Y P E = 0 PAL0535U 

C ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES: PAL05360 

PAL 1 0 Ho , P A L l OL 8 ITYPE=I PALO 53 70 

PAL I 2H6, PAL 1 2L6 ITYPE=2 PAL05380 

C PAL » 4 il 4 , P A L 14L4 ITYPE=3 PAL05390 

C PA l 1oH2 , PAL 1 6L2, P Al IbC I ITYPE = 4 PAL05400 

C PAL 1 6 L 8 irY?E=5 PAL05410 

C PAL I6R4 ,PAL 1 6 n 6 , P A L 16R8, PAL 16X4, PAL 16A4 ITYPE* 6 PAL05420 

C DETERMINE ITYPL PAL05430 

I F ( INOAI.EQ.IO ) ITYPE* 1 PAL0544G 

1 F ( INOAl.EQ.I2 ) IT YP E= 2 PAL05450 

I F ( IN0AI.EQ.L4 ) ITY?E=3 PAL0S460 

I F ( (INOAI , EQ. 16) ) I T Y P E = 4 PAL0S470 

I F ( (INOAI.tQ.I6) .AND. (INOO.EQ.I8) ) ITYPE=5 PAL0548C 

I F ( (IOI.EQ.B) .OS. (IOT.EQ.X) .OR. (IOT.EQ.A) ) ITYPE=S PAL05490 

I F ( .NOT. (lOT.EQ.ii.OR.IOT.Eg.L.OH.IOT.EQ.C PAL0550U 


SUBROUTINE I N IT LZ (I NO A 1 , 10 T , I NOO , IT Y PE , L FUS SS , IC , IL , I BLO W , L FIX , 
1 IPCTR) 

THIS SUBROUTINE INITIALIZES VARIABLES AND MATCHES PAL PART 
NUMBER WITH ITYPE 
IMPLICIT INTEGER (A-Z) 

LOGICAL L BLANK, LLEFT, LAND, LOR, L5LASH,LEQ UAL, LRIGHT, LXOR.LXNOa, 
l LFIX , LFUSES ( 3 2 , 64) 

COMMON L3LANK, LLE F f, LANE, LOR, LSL AS H.LEQUAL, LRIGHT, LXOR, LX NOR 
COMMON /PG £/ IPAGE (80, 200) 

DATA H/ ' ii '/, L/ ' L ' / , C/ ' C ' / , R/' 3 ' / , X/ * X ' / , A/ • A 1 / , 

1 10/' 0 •/, I 2/ • 2' /, !4/» 4 '/ , 16/* 6 • /, IB/* 8 •/ 

INITIALIZE LFUSES ARRAY (FUSE ARRAY) 

DO 20 J= 1 , 64 

DO 20 1= 1 , 32 

L FU S E S (I , J) = . FA LS E , 

INITIALIZE IBLOW (NUMBER OF FUSES BLOWN) 

I 3 LQ W = U 

INITIALIZE IPCTR (NUMBER OF PRODUCT TERMS) 

I PCT R =0 

INITIALIZE IC AND IL (COLUMN AND LINE POINTERS) 


INITIALIZE IC AND IL (COLUMN AND LINE POINTERS) 

I C = 0 
I L= 1 

INITIALIZE ITYPE (PAL PART TYPE) 

ITY PE = 0 

ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES; 
PAL I0H6, PAL10LS I T Y P E = I 

PAL I 2H6, PAL 1 2L6 ITYPE=2 

PAL 14H4.PAL 14L4 ITYPE* 3 

PA l 1oH2 , PAL 1 6L2, P Al IbC I ITYPE = 4 

PAL16L3 I T Y P E= 5 

PAL I 6 R 4 ,PAL 1 6 R t> , P A L 1 6 R 8 , PAL 16X4 ,PAL 16A4 ITYPE* 6 
DETERMINE ITYPE 

I F ( INOAI.EQ.IO ) ITYPE* 1 

I F ( INOAl.EQ.I2 ) IT YP E= 2 

I F ( IN0AI.EQ.i4 ) IT Y? E= 3 

I F ( (INOAI.EQ.I6) ) I TYPE = 4 

I F ( (INOAI.tQ.i6) .AND, (INOO.EQ.I6) ) ITYPE=5 

I F ( (lOT.EQ.R) .OS. (IOT.EQ.X). OR. (IOT.EQ.A) ) ITY?E = S 
I F ( .NOT. (IOT. tQ.U, 03,101, E'Q.L.Od.IOT. t Q . C 
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.OH .IOT.E2.R.OR.IOT.E0.X.OR.IOT.EQ.A) ) ITYPS=0 

PAL05510 



CALL INCH (IC , IL, LFIX) 

PAL05520 



RETURN 

PAL05530 



END 

PAL055H0 

c 



PAL05550 

C*£$4$<c#**«#4£$4#$*$*#*<i£$*************************************0‘********PAL05560 

c 



PAL05573 



SUBROUTINE G ETS ¥ tt ( LPH AS£ , I S V 11 , J , IC r I L t L FI X) 

PAL05580 

c 


THIS SUBROUTINE GETS TiiE PIN NAME, / IF COMPLEMENT LOGIC, AND 

PAL 05580 

c 


THE FOLLOWING OPERATION SYMBOL IF ANY 

PAL05600 



IMPLICIT INTEGER (A-Z) 

PAL0561 0 



INTEGER ISYM (8 ,20) 

PAL05620 



LOGICAL LBLANK , LL EFT, LAND ,LOR , LSL ASH , LE^UAL,LRIGHT, LXOR , LXNOR, 

PAL0563C 



LFIX , LPHASE (20) 

PAL 0564 0 



COMMON LBLANK , LL EFT, LAND, LOR , LSL ASH, LEOUAL.LRIGHT, LXOR , LXNOR 

PAL05650 



COMMON /PGE/ IPAGE (80, 200) 

PAL05660 



DATA I3LANK/' •/ 

PAL05b70 



LFIX= . FALSE . 

PAL05680 



I F ( .NOT. (LLEFT.OR.LAND.OR.LOR.Oft.LEQUAL.OR.LRIGHT) ) GO TO 10 

PAL05690 



CALL INCR (IC , I L , L FIX) 

PAL0570Q 



IF (LLEFT) GO TO GO 

PAL05710 


13 

LPHASE (J) = ( . NOT . LS L ASH ) 

PAL0572 0 



IF (LPHkSE (J) ) GO TO 15 

PAL05730 



CALL INCR (IC , -XL, LFIX) 

PAL05740 


15 

DO 20 1=1,8 

PAL0S7S0 


20 

ISYM (I,J) = I 3 L AN K 

PAL05760 


25 

DO 30 1=1,7 

PAL05770 


30 

ISYM (I , J) =ISYM (I H , J) 

PALO 5 780 



IS YK (8, J) =IPAG£ (IC, IL) 

PAL05790 



CaLL INCH (1C , IL, LFIX) 

PAL05800 



I F ( LLEFT. OR. LBLANK. OR. LAND. OR. LOR. OR. LRIGHT. OR. LEOUAL ) RETURN 

PAL05810 



GO TO 25 

PAL0582 0 


60 

LFIX=.TR'JE. 

PAL0583 0 



RETURN 

PAL056U0 



END 

PAL05850 

c 



PAL05860 

£***********#***** ****9****«**********$** ****$*********$*************$$ 

PAL0587 0 

c 



PAL0588C 



SUBROUTINE INCH ( I C , I L , LFIX) 

PAL05890 

c 


THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTERS 

PALQ590u 

c 


BLANKS AND CHARACTERS AFTER •;* ARE IGNORED 

PAE0591U 



IMPLICIT INTEGER (A-Z) 

PAL05920 



LOGICAL LBLANK, LLEFT, LAND, LOR, LS L AS H , L EO U A L , L R IGHT , LXOR , LXNOR, 

PAL05930 



LFIX , LX 1 

PAL0594 0 



COMMON L3L A NK , LLEFT, LAND , LOR , LS LAS ti , LEgU AL , L R IGHT , LXOR , LXNOR 

PAL05950 



COMMON /PGE/ IPAS E (80 , 200) 

PA L 05960 



COMMON /LUNIT/ PMS,POF,PDF 

PAL05970 



DATA IBLANK/' ’ / , I LEFT/ * (*/,IAND/ , * , / f t0 8/' M/.COMENT/' ; '/, 

PAL05980 



islash/V'/.iequal/'* 1 /. I a IGHT/ 1 ) v.icolon/' : '/ 

PAL05990 



LBLANK=. FALSE. 

PAL06000 



LX0R=. FALSE. 

PAL06010 



LXN0R». FALSE. 

PAL06020 



LX 1=. FALSE, 

PAL06030 



LRIGHT*. FALSE. 

PAL0604 0 


10 

IC=ICH 

PAL06050 
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IF ( I C .LE.79 .AND. I PAG E (IC , I L) . H £ . COKE N T) GO TO 30 
IL = ILH 

IF (I L.LE. 2 00) GO 10 2 0 
WRITE (P MS, IS) 

15 FORMAT (/, ' SOURCE FILE EXCEEDS 200 LINES OR MISSING', 

I • DESCRIPTION OK FUNCTION TABLE KEY WORD') 

STOP 

20 IC-0 

GO TO 10 

30 IF ( IPAGE (IC, IL) 

IF ( IPAGE (IC , IL) 

LULANK=.THU£ 

GO TO 10 

31 I F ( IPAGE (IC, IL) 

IF ( (LXOR) .OR. (LXNOH) ) 

LX 1 = . T 3 U E , 


EO.rcOLON.AND, (LFIX) ) RETURN 
NE.IBLANK ) GO TO 31 


NE. ICO LON ) GO TO 32 
GO TO 33 


LOR=, TRUE. 
LAND* .TRUE. 


P AL060Sg 
PALQSQ7 u 
PAL060BG 
PAL0609U 
PAL06 100 
PAL06 1 1U 
PALOS 120 
PALOS 1 3u 
PALOS IL 0 
PALOS 150 
PAL06 16* 
PALOS 170 
PALOS 16 o 
PAL 0 6 1 9 0 
PAL0S2G0 
PAL062 I 0 
PAL06220 
PAL06230 
PA LOS 24 0 
PALO S 250 
) PAL06260 
PAL0S270 
PAL06280 
PAL06290 
PAL06300 
PAL0S3 10 
PAL06J20 
PAL063 30 
PA L0634C 
PAL06350 
PAL063S0 
PAL06370 
PALOS 380 

C PALOS 390 

C PAL06410 

SUBROUTINE M A TC H ( IK ATC H , IdU F , I S Yrt) PAL0S420 

C THIS SUBROUTINE FINOS A MATCH BETWEEN THE PIN NAME IN THE EQUATIO NPAL064 30 


GO TO 10 

33 IF (LXOR) 

IF (LXNOK; 

RETURN 

32 IF ( .NOT, (LX I, AND. (I PAC E (IC , I L) . E w , IOR . 0 R . I P AG E (I C , I L) . E J . I A ND ) ) 
I GO 10 34 

I F ( IPhGE (IC , IL) . EO. IOR ) LXOR®, TRUE, 

I F ( IPAGE (IC, IL) . Ev.IAND ) LXNOR=,TRUE, 

GO TO 10 

34 LLSFT = ( IPAGE (IC,IL) .Eg.ILSFT ) 

LAND =( IPAGE (IC ,IL) .Eg. IAND ) 

LOS =( IPAGE (IC.IL) .Ey. IOR ) 

L S L A 5 H = ( IPAGE(IC.IL) .E5.ISLASH ) 

L E y U A L = ( IPAGE (1C ,IL) . EQ.IEvU«L ) 

LRIGHT= ( IPAGE (IC.IL) , Ey. IRISH T ) 

RETURN 

END 


1 0 


2 0 


AND THE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST PALOS440 

IMPLICIT INTEGER (A-<2) PAL06450 

INTEGER IBUF (9,20) , I 5 t M (8,20) PAL064b0 

LOGICAL LMATCH PAL06470 

DATA C/'C 1 /, A/' A •/, R/ • d •/, Y/' t '/ PAL06480 

IMATCH=0 PALOS49U 

DO 20 J= 1 , 20 PAL065C0 

LMATCH® .TRUE, PALO 651 0 

DO 10 1=1,8 PAL06520 

LMATCH = LMATCH, AND. (IBUF (I, 1) . Ey . ISYM (I, J) ) PAL06530 

IF (LMATCH) I M AT C H = J PAL06540 

CONTINUE PAL06550 

MATCH CARRY WHICH 13 FOUND IN THE P A L 1 6 A 4 PAL065b0 

I F ( IBUF (3, 1) . EQ ,C. AND. IBUF (« , 1) . £y.A.AN0.IBUF(5, l) , Eg. S. AND. PAL0&570 

1 IBUF (S, 1) . Eg. R. AND. IBUF (7, 1) .IQ, Y ) IMATCH=99 PAL06580 

RETURN PAL06590 

END PAL06S00 
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C PAL06610 

C*#****$**#4#9V**$#$4**$*$#4$«*$*<‘4 i O'**9$$*«‘<‘<'$*****#4 | 4'*****$$*4‘*4‘*****iC>*PAL06620 
C PAL06b 30 

SUBROUTINE I X L AT E (I I N PU T , IM AT C H , LPH AS E , L BU F , IT Y P £) PAL06640 

C THIS SUBROUTINE FINDS A BATCH BETWEEN THE INPUT PIN NUMBER AND PAL06650 

C THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD I TO THE INPUT PAL06660 

C LINE NUMBER IF THE PIN IS A COMPLEMENT PAL06670 

IMPLICIT INTEGER (A-Z) PAL0668U 

INTEGER I TABLE (20,6) PAL06690 

LOGICAL LPBASE (20) , LBUF (20) PAL06700 

DATA ITA6LE/ PAL06710 

1 3, 1,. 5 f 9, 13, 17, 21,25,29, -10,31, - 1 f - 1 1 , - 1 f - 1 , -1,-1, -1,-20, PAL06720 

2 3, 1, 5, 9, 13, 17, 2 1 ,25, 29,- 10, 3 1, 27,- I,- I ,-1 1,- 1 ,- I, 7,-20, PAL06730 

3 3, I, 5, 9, 1 3, 17 , 2 1,25,29 ,- 10 , 3 1 , 27, 2 3 ,- 1 ,- 1 ,- 1 ,- 1 , 1 1 , 7,-20, PAL0674G 

4 3, 1, 5, 9, 13, 17,2 1,25,29,- 10, 3 1,27, 23,19, - 1 ,- 1 , 15,1 1 , 7 ,-20, PAL06750 

5 3, 1, 5, 9, 13, 17,2 1,25, 29,- 10, 3 1,- 1,27, 23, 19, 15, 1 1, 7, -1,-20, PAL0676U 

6 - 1, 1, 5, 9, 1 3, 17,2 1,25,29,- 10,- 1 , 31, 27,23, 19, 15, H, 7, 3,-20/ PAL0677U 

IINPUT=0 ' PAL06780 

I3UBL=0 PAL06790 

I F ( ( ( LPHASE (IMATCH) ). AND .(. NOT .LBUF ( I) )) .OR. PAL0680G 

1 ((. NOT . LPH ASE (IMATCH) ). AND . ( LfaUF(l)))) IBUdL=l PAL0681G 


I F ( ( ( LPHASE (IMATCH) ). AND .(. NOT .LBUF ( 1) )) .OR. PAL0680G 

1 ((, NOT , LPH ASE (IMATCH)) .AND, ( LfaUF(l)))) IBUdL=l PAL0681G 

I F ( IT ABLE (IMATCH, ITVPE) , G T . 0 ) I IN PUT* I TABLE (IM ATC H , IT T? E) HBUB L PAL06820 
RETURN PAL06830 

END PAL0S840 

C PAL0685G 

C PAL0&870 

SUBROUTINE FIXSYM( LBUF, IBUF, 1C, I L , L F I RS T , LFUS ES , I BLO W , I PROD , L F I X) PA LOB 88 0 
C THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE PAL06890 

C PAL1BX4 AND PAL16A4 PAL06900 

IMPLICIT INTEGER (A-Z) PALOB910 

LOGICAL LBUF (20) , LFUSES (32, o4) , LFIRST, LMATCH, LFIX PAL06920 

INTEGER IBUF (8 , 20) , FIXBUF (8) , TABLE (9, 14) PAL06930 

COMMON /PGE/ IPAGE (80, 200) PAL06940 

DATA A/* A'/.B/'B'/.ISLASH/'/'/flOS/' ► ’ / , I BL AN K/ • ' / , I RI G HT/ • ) • / , PAL06950 

1 I AND/* *•/.«■/' N'/.O/' Q'/.NO/'U »/. N V 1'/,N2/' 2 '/,N3/' 3'/, PAL06960 

2 ICOLON/':'/, PALOB970 

3 TABLE / ' ' , ' A' , • ► » . •/ ' , 'B* . » A ' .*«■*.* B PALOb 960 


/ 


' , » A' 

, • ► » , 

'/ ' , 'O’ , » 1 , ' A 1 

, » f » , 

• B ’ , PALO 6980 

1 

• A« , 

/’ ,’A* 

, • ► • , 

1 / ' , 1 B ' , • 

,•/*, 

• B' , PAL0&990 

• 1 
• 

•B* , 

* ,*A' 


'/*, 'S', ' A' 

, ' » » , 

' B* , PALO 7000 

• 1 
• 

•B', 

i i • 
» 

• l 

i t 



• B ' , P A LO 7 0 10 

/* 

' A* , 

/' ,‘A' 

, » $ * f 

'/'.'B',* ’A' 

, • * » f 

* B ' /P AL0702 0 


IINPUT=0 
DO 20 1=1,8 

IBUF (I, 1) = I B L A N K 

20 FIXBUF (I) =IBLANK 

21 CALL INCS (1C , IL, LFIX) 

1 = 1 PAG E (IC , I L) 

IF (I, E2. IRIGHT) GO TO 40 
IF (I, EG. NO) 1 1 N P U T = 8 
IF(I.EQ.Nl) 1 1 N PU 1 = 12 
IF (I. E2.N2) 1 1 N P U T = 16 

IF(I,EQ.M3) IINPUT=20 
DO 24 J* l , 7 

24 IBUF (J , 1) = I BU f (JU, 1) 


PALO 7030 
PALO 7 04 0 
PAL07050 
PALO 7060 
PAL0707 0 
PAL07080 
PALO 7090 
PAL07 100 
PAL07 110 
PAL07 120 
PALO 7 1 3 0 
PAL07 140 
PAL07150 
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I aU F ( 6 , \ ) = 1 

IF (.NOT, ( (I . 2y. A) .OK. (I . t j , b) .OR, (I.E*.iSLASH) .OS. ( I . EQ , 10 R) 
1 .OS. (I. E^.IAND) .OR. (I. Eg, ICOLON) ) ) GO TO 21 

DO 30 1=1,4 

JO FIaBUF (I) =FIXBUF (x ► 1) 

FIX8UF (5) =IPAG£ (IC, IL) 

GO TO 21 
uO IMATCH=0 

DO t>0 J= I , 1 4 

Lfl ATC;1= .THUS. 

DO 5 0 1=1,5 

50 LtlATCH = L MATCH .AND. ( F I X 0 U F (I ) . E * . T A b L E ( I , J ) } 

GO IF (L HATCH) IKATCH=J 

IF (IMAICH. Ev .0) GO TO 100 
IF (. NOT. LFIHST) GO TO d5 
L F I R S T = , FALSE. 

DO 3 0 I = 1 , J2 

LF0 3ES (I, IP ROD) =.TRUE, 

GC ItiLOi» = TULO* ► I 

35 DO 30 1=1,4 

I F ( (IMATCii- 7) . LE. 0 ) GO TO 30 
ISUM 1= II NPUT H 
L F USES (ISO ill, IP SOD)=, FALSE, 

I BLOW = I BLOW - 1 

lMATCH=IMAICti-d 
) 0 IfUTCH»I.1ATCHHMAXCH 
L8UF(1)=.TSliE. 

Call PLOT (L3UF,IHUr,LFU3E3, IPROD, TITLE, , FALSE. , IT IPS , 

1 LPROO , TOP , IdLOW , IPCTK) 

100 LFIX=. FALSE. 

CALL I NCR (IC , IL, LFIX) 

R E r 0 H N 
END 


PALQ7 160 
PAL07 1 70 
PALO 7 1 d 0 
PALO 7 130 
PALO 7 20 0 
PALO 7 210 
PALO 722 0 
PAL0723G 
PALO 7230 
PAL0725C 
PAL0726G 
PALO 727 C 
PALO 7 280 
PALO 7 23 0 
PALO 7 JOG 
PAL07 310 
PAL07320 
PALO 7 3 30 
P A L 0 7 33 U 
PALO 7350 
PALO 7 360 
PAL07370 
PAL0738 0 
PAL0739C 
PAL07300 
PAL073 10 
PAL07420 
FAL073 JO 
PALO 7330 
PAL074S0 
PAL07360 
PALO 73 70 
PAL073B0 
PALO 7390 




C 

SUBROUTINE EC H 0 (I PA L , I N 0 A I , I OT , I NOO , RE 3 T , F A T N U M , T I f L £ , C OM ?) 

C THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION INPUT FILE 

IMPLICIT INTEGER (A- Z ) 

INTEGER I PAL (3) , REST (73) , PAT MUM (80) .TITLE ( d 0) , COMP (80) 

COMMON /PGE/ IPAG E (80, 200) 

COMMON /LUNIT/ PMS,PJF,PDF 
COMMON / F T E S 1/ I F U N C T , I DESC , I Eli 0 
DATA IdLANK/ 1 '/ 

WRITE (POF, 5) IPAL, INOAl,IOT,lNOO, REST, PATNUfl, TITLE, COMP 
5 FORMAT (/ , 1 1 ,4A l , A 1 , A 1 , A 1 , 7 3 A I ,/, 1 ‘.dOAl,/,* ',30Al,/,' • , BOA 1) 

DO 20 I L = l , I E N D 

I C = 3 1 i 

10 IC=IC-1 

I F ( IPAGE (IC , I L) . Ew. IdLANK , AND . IC.GT . 1 ) GO TO 10 
WHITE (POF , 15) (IPAGE (I, IL) ,I=I,IC) 

15 FORMAT (' 1 , BOA 1) 

20 CONTINUE 
RETURN 
END 


PAL073 1 0 
PAL07520 
PALO 7530 
PALO 7530 
PAL07550 
PALG756u 
PAL07570 
PALO 7560 
PALO 7590 
PAL07600 
PALO 761 0 
PALO 7620 
PAL07630 
PALO 7640 
PALO 765 0 
PAL07660 
PA LO 767 0 
PAL07690 
P A LO 769 0 
PALO 7700 
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C PALO 7 7 10 

£444444444444444444444444*4444444444444444444444444444444444444444444444 PAL07720 
C PALO 77 30 

SUBROUTINE CAT PAL07740 

C THIS SUBROUTINE PRINTS THE PA LASH CATOLOG PAL077S0 

IMPLICIT INTEGER (A-Z) PAL07760 

■ COMKON /LUNIT/ PUS t POF , PDF PAL07770 

WRITE (PBS, 10) PAL07780 

10 FO R B A T (/ , ' IHIS PALASM AIDS THE USER IN THE DESIGN AND', PAL0779U 

1 ' PROGRAMMING OF THE * ,/ , ' SERIES 20 PAL FABILI. THE*, PAL07800 

2 ' FOLLOWING OPTIONS ARE PROVIDED:', PAL07810 

3 //,' ECHO (£) - PRINTS THE PAL DESIGN*, PAL07820 

4 • SPECIFICATION', PAL07830 

5 //,' PINOUT (0) - PRINTS THE PINOUT OF THE PAL', PAL07840 

6 //,' SIMULATE (T) - EXERCISES THE FUNCTION TABLE', PAL0785 0 

7 • VECTORS IN. THE LOGIC',/,' ', PAL07860 

8 ' EQUATIONS AND GENERATES TEST VECTORS', PAL07870 

9 //, ' PLOT (P) - PRINTS THE ENTIRE FUSE PLOT') PAL07880 


WRITE (PBS, 20) PAL07890 

20 FORttAT (/, ' BRIEF (B) - PRINTS ONLV THE USED PRODUCT LINES', PAL07900 

' OF THE FUSE PLOT*,/,' PHANTOM', PAL07910 

' FUSES ARE OMITTED', PAL07920 


//.' 

HEX (H) 

- GENERATES HEX 

PROGRAMMING 

FORMAT* , 

PAL07930 

//, • 

SHORT (S) 

- GENERATES HEX 

PROGRAMMING 

FORMAT* , 

PALO 794 0 

//.' 

3HLF (L) 

- GENERATES BHLF 

PROGRAMMING 

FORMAT • , 

PAL07950 

//. ' 

3 N P F (N) 

- GENERATES BNPF 

PROGRAMMING 

FORMAT ' , 

PAL07980 

//. ' 

CATALOG (C) 

- PRINTS THE PALASH CATALOG' 

i 

PALO 7970 

//.’ 

QUIT (Q) 

- EXIT PAL ASB ' , 



PAL07980 

//.' 

JEDEC (V) 

- JEDEC FORMAT FOR DATA I/O 

PROGRAMMER 1 

•PAL07990 

//.' 

FAULT (F) 

- FAULT TESTING 

’) 


PAL08000 


RETURN PAL08010 

END PAL08020 

C PA LOS 030 

C44444444444#444444444444444444444444444*44444444#444444444444444444#*44PAL08040 
C PAL08050 

SUBROUTINE P I NOU T ( IP A L , I NO A I , IOT , 1 NOO , T IT LE) PAL08080 

C THIS SUBROUTINE PRINTS THE PINOUT OF THE PAL PAL08070 

IMPLICIT INTEGER (A-Z) PAL03060 

INTEGER IPAL (4) , TITLE 180) , PIN ( J2, 20) ,IIN (7, 2) PAL08090 

COMBON /PGE/ IPAGE (80,200) PAL08100 

COBBON /LUNIT/ PBS, POF, PDF PAL08110 

DATA IBLANK/' '/ , ISTAR/ * 4’ / PAL08120 

DO 10 J= 1,20 / PAL08 130 

DO 5 1=1, 12 PAL08140 

5 PIN (I, J) *IBLANK PAL08I50 


10 CONTINUE 
15 DO 25 J= l , 2 

DO 20 1=1,7 

20 IIN (1,0) = IB LANK 

25 CONTINUE 

IIN (2 , 1) =IPAL ( 1) 

IIN (4, 1) = IPAL (2) 

IIN (6, 1) =IPAL (3) 

IIN (1,2) =IPAL (4) 

IIN (3, 2) =INOAI 


PAL09160 
PAL08 170 
PAL0818U 
PAL08 190 
PAL08200 
PALOS 210 
PAL03220 
PAL08230 
PAL0824U 
PAL09250 
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IIN (5, 2) =IOT 

PA LOB 26 0 


IIN (7, 2) = IN 00 

PAL03270 


J = U 

PAL08290 


I L = 0 

PA10329G 

30 

IC=0 

PAL0830U 


I L= I L *• 1 

PAL08J10 

3 5 

IC = IC *• 1 

PAL0832G 

4 0 

I F ( IC.GT.aO ) JO TO 30 

PAL0833C 


I F ( IPAJE (IC, IL) .EV.IoLANR ) JO 10 35 

PAL0334G 


J = J ► 1 

PAL03 350 


IF (J.GT.20) GO TO 60 

PA LO 3 36 C 


DO 55 1= 1 , 1 2 

PAL0337G 


PIN (1, J) = 1 PAG £ (IC ,11) 

PALOd 380 


IC=ICH 

PAL08390 


I F ( IC.GT.au ) GO TO LG 

PAL0B400 


I F ( I PAGE (IC , IL) . EG .1 BLAN K ) GO TO 40 

PAL0841 0 

55 

CONTINUE 

PAL08420 

o 0 

DO 75 J=I,I0 

PAL084 30 


11 = 0 

PAL08440 

o 5 

II=II * 1 

PAL03450 


IF (II. E*. 1 3) GO TO 75 

PAL0346G 


I F ( PIN (II, J) .NE.idLANK ) GO TO b5 

PAL08470 


1= 1 3 

PAL08480 

70 

1 = 1-1 

PAL03490 


11=11-1 

PAL08500 


PIN ( I , J ) =PIN (II, J) 

PALO 35 1 0 


PIN (II, J) =1 BLANK 

PAL0352 0 


IF (II . NE. 1) GO TO 70 

PAL0853G 

75 

CONTINUE 

PALOS 54 0 


WRITE (PDF , 76) TITlt 

PAL03550 

76 

FORMAT (/, ' • , 8 0 A 1) 

PALOS 560 


WRITE (?0F,7d) IS TAR, ISTAR, IS TAR, ISTAR, ISTAR, IS TAR, ISTAR, I ST AH, 

PAL03570 


1 ISTAR, 1ST Ah, 1ST AS, 1ST AH, IS TAR, ISTAR, ISTAR, ISTAR, 

PAL03580 


2 ISTAR, IS TAR, ISTAR, ISTAR, ISTAR , 1ST AR , I STAR, IS I AR, 

PA LOB 59 0 


3 ISTAR, ISTAR, IS TAR, ISTAR, ISTAR, ISTAR, ISTAR, I STAR 

PAL0360G 

76 

FORMAT (/, ' * , 1 3 X , 1 4 A 1 , 3 X , 1 4 A 1 , 

PAL036 10 


1 /,• ' , IdX , A 1, 1 3X ,A 1, U ,A 1 , 1 3X, A 1) 

PAL03620 


J J = 20 

PAL03630 


DO 83 J= 1 , 1u 

PAL0864U 


WRITE (POF, 30) I STAR, ISTAR, ISTAR, ISTAR, I STAR, ISTAR, ISTA R, ISTAR 

PAL08650 

60 

FORMAT ( 1 • , 1 5 X , 4A 1 , 29X , 4A 1) 

PAL0366G 


WRITE (POF, 8 1) (PIN (I,J) ,1 = 1, 12) , 1ST AR , J , I S T A R , 

PAL06670 


1 (IIN ( I , 1) ,1=1,7) , IS TAR, JJ, ISTAR, (PIN(I,JJ) ,1=1, 12) 

PAL0868G 

3 1 

FORMAT (• ', 1 2 A 1 , 3X , A 1 , 1 2 , A 1, 11X,7a1, 11X,A1,I2,A1,3X,12A1) 

PA LOB 69 0 


WRITS (POF, 82) IS TAR, IS TAR, ISTAR, ISTAR, ISTAR, ISTAR, IS TAR, IS TAR 

PA LOB 700 

32 

FORMAT ( ' ' , 1SX,4A t, 29X.4A 1) 

PAL087 10 


wRITE (POF, 84) ISTAR, (IIN (1,2) ,1=1,7) , ISTAR 

PAL08720 

8 4 

FORMAT ( ' ' , 1 8 X , A 1 , 1 IX,7Al,1lX,At) 

PAL08730 


DO 8b 11= 1 , 2 

PALOd 740 


DO 35 1=1,7 

f A LOB 75 0 

35 

IIN (I, II) = I HL A N A 

PALQB760 

a 6 

CONTINUE 

PAL08 770 


JJ = JJ- 1 

PA L08 780 

8 b 

CONTINUE 

PAL03790 


WRITE (POF, 6 0) ISTAR, ISTAR, ISTAR, IS TAR, ISTAR, IS TAR, ISTAR, ISTAR, 

PAL08300 


24 
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IS TAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
XSIAk, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, I3TAR, 
ISTAR, ISTAR, ISTAR, IS TAR, ISTAR, ISTAR ,XSTAR 


00 FORfl AT ( ' ' , 1BX t 3lAl) 
RETURN 


SUBROUTINE P LO T ( L BU F , I B U F , L FU S ES , I P RO D , T IT L E , L DUH P , IT V P E , 
1 LPROD , IOP , I BLOW, IPCTRO) 

THIS THIS SUBROUTINE PRODUCES THE FUSE PLOT 
ItlPLICIT INTEGER (A-Z) 

INTEGER IBOF (8 , 20) ,IOUT (64) , I SAVE (64 , 32) .TITLE (BO) 

LOGICAL LBUF (2 0) , L FUSES ( 3 2 , 6 4 ) , L DU HP , IP ROD (80) 

COHHON /LUNIT/ PMS.POF.PDF 

DATA ISAVE/204U#' • / , I A N D/ • * ' / , 1 0 R/ • ► » / , I SL AS H/ * / • / , 

1 IDASH/'-'/.X/'X'/.IBLANK/* •/» P/'P'/.B/* B*/, 

2 illFANT/'O'/ 

IF (LOUHP) GO TO 60 

IF (ISAVE (IPROD, 1) . NE. IBLANK) RETURN 
I F ( LBUF ( I ) ) GO TO 5 

DO 30 J*l,31 

30 ISAVE (IPROD, J)=ISAVE(I?ROD,J*1) 

ISAVE (IP HOD, 32) =IS LASH 
5 DO 20 1=1, fl 

IF ( ISAVE (IPROD, 1) .NE. IBLANK ) RETUrtN 
I F ( I3UF (I , 1) ,E0. IBLANK ) GO TO 20 
DO 10 a- 1,31 

10 ISAVE (IPROD, J) = ISAVE (IP ROD, JH) 

ISAVE (IPROD, 32) =I8UF (I, 1) 

20 CONTINUE 

IF (ISAVE (IPROD, 1) , NE, IBLANK) RETURN 
40 DO 50 J= I , 3 1 

50 ISAVE(IPROl), J) =ISAVE(IPROD, J* 1) 

ISAVE (IPROD, 32) =IAND 
RETURN 

PRINT FUSE PLOl 
t) 0 WRITE (POF, 62) TITLE 
62 FOR HAT (/ , • » ,8UA1,//, 

1 ' 1111111111 2222 2222 2233' ,/, 

2 ' 0 12 3 4567 8 BO I 2345 6789 0 1 23 4567 8901 ',/) 

DO 100 IB8PHO= 1,57,3 

DO 94 lb PRO* 1 , 8 

IP RO D = I 8 3 PRO*' 1 8 PRO- I 
ISAVE (IPROD, 3 2) =1 BLANK 
DO 70 1=1,32 

IF ( ISAVE (IPROD, 1) .NE. IBLANK ) GO TO 70 
DO 65 J= 1 , 3 l 

ISAVE (IPROD, J) =IS AV E (IPROD, J* 1) 

65 CONTINUE 

ISAVE (IPROD, 32) = I BLANK 
70 CONTINUE 

DO 30 1=1,32 
IOJT(I)=iC 
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0 )) 
3 )) 
lb )} 
2b )) 


IHEX-I HEX 1 
IHEX=IHLXf 2 
Iri£X=IHEX *4 
IHEX = IHEX»-8 


IF (LFUSES (IINPUT.ISUH2 ► 

IF (LFUSES (IINPUT,ISUH2 ► 

IF (LFUSES (IINPUT.ISUH 2 ► 

IF (LFUSES (IINPUT,ISUH2 ► 

CSUH = C5UH HHEX 
ISUHX=IINPUT»- (3 2* (J- t) ) 

20 ITEHP (ISU MX) = ZT A E> LE (I H E X I) 

IF(IOP.EQ.H) WHITE (PDF, 30) ITEHP 
30 FORHAT ( ' ».32(Al,' * . 32 (A * , • •),'.') 

40 IF(IOP.EO.S) WRITE (PDF, SO) ITEHP 

SO FORHAT (' • , 6^ A 1) 

IF(IOP.Ey.H) WRITE (PDF, 70) 

70 FORHAT ( ' 

WHITE (PDF, 80) ETX 
80 FORHAT (• ' , A 1) 

CONVERT DECIHAL CHECK SUH INTO HEX CHECK SUtt 
DO 85 1=1,4 

2TEH? = CSUH- 1b* (CSUH/ 1b) 

ZCSUH (5-1) = ZTAB LE (ZTEHP ► I) 

C SU H=C S U M/ I 6 
35 CONTINUE 

IF (ZCSUH ( 1) . EQ.ZTABLE ( 1) ) ZCSUH(1)=IBLANK 
WRITE (PMS, 9 0) ZCSUH ( I) , ZCSUH (2) , ZCSUH (3) , ZCSUH (4) 

90 FORHAT (/' HEX CHECK SUH = ',4Al) 

RETURN 

END 




PALO 99 1 0 
PALO 992 0 
PAL0993 0 
PAL09940 
PAL09950 
PAL0996U 
PAL09970 
P AL09980 
PAL09990 
PAL 10000 
PAL 1 001 0 
PAL 10020 
PAL 10030 
PAL 10040 
PAL10050 
PAL 1 0060 
PAL 10070 
PAL 10080 
PAL 1 0090 
PAL10100 
PAL 10 1 1 0 
PAL 10 120 
PAL 10130 
PAL 10 140 
PAL10 150 
PAL 10 160 
PAL 10 170 


C****************«*****************************************************tpAL10l80 


C 

SUBROUTINE T WEEK (IT X PE , IOT, LFUSES) 

C THIS SUBROUTINE TWEEKS LFUSES (THE PROGRAHHING FUSE PLOT) 

C FOR HIGH AND LOW PHANTOH FUSES 

IHPLICIT INTEGER (A-Z) 

LOGICAL LFUSES(32,64) 

DATA L/' L'/.C/'C'/ 

IF (ITXPE.GE.4) GO TO 20 
DO 10 I P ROD= 1,64 

LFUSES ( 15, I PROD) =. TRUE. 

LFUSES (16, I PROD) = . TRUE. 

LFUSES ( 19, I PROD) =. TRUE. 

LFUSES (2 0, IP ROD) =. TRUE. 

IF (ITlfPE ,G£. 3) GO TO 10 
LFUSES (1 1,IPROD) = ,TRUE, 

LFUSES (12, IP SOD) = .TRUE. 

LFUSES (2 3, IPROD) * .TRUE. 

LFUSES (2 4, I PROD) =. TRUE. 

I F (IT Y PE . G E . 2) GO TO 10 
LFUSES ( 7, IPROD) = .TRUE, 

LFUSES ( 8, IPROD) =. TRUE. 

LFUSES (2 7, 1 PROD) =. TRUE, 

LFUSES (28, IPROD) -.TRUE. 

10 CONTINUE 

DO 18 IINPUI=7 , 28 

DO 12 I?ROD=1,57,8 

LFUSES (II NPUT, IP ROD »4) ». FALSE. 


PAL10190 
PAL 10200 
PAL 1 0 2 1 0 
P A L 1 0 220 
PAL 10230 
PAL 1 0 24 0 
PALI 0250 
PAL 1 0 260 
PAL 1 0 27 0 
PAL 10280 
PAL 10290 
PAL 1 0300 
PAL 103 10 
PAL 10320 
PAL 1 0330 
PAL 1 034 0 
PAL 1 0 350 
PAL 1 0 360 
PAL 1037 0 
PAL 1 0380 
PAL 10390 
PAL 10400 
PAL 1 04 1\) 
PAL 10420 
PAL 1 0430 
PAL 1044 0 
PAL 10450 
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PAL 10400 
PAL 10470 
PAL 1 04 80 
PAL 10490 
PAL 10500 
PAL 10510 
PALI 0520 
PAL 10530 
PAL 10540 
PAL 10550 
PAL 10500 
PAL 10570 
PAL 10580 
PAL 10590 
PAL 10000 
PAL 10610 
PAL 10620 
PAL 10630 
PAL 10640 
PAL 1 0650 
PAL 10660 
PAL 10670 
PAL10680 
PAL 10690 
PAL 10700 
PAL 107 10 
PAL 10720 
PAL 1 0 730 

C PAL 10740 


L FUSES (II NPUT, I PROD >5) = , FALSE. 

LFUSES (IINPUT, IPRODMj) = , FALSE, 

LFUSES (IIN?UT,IPROD*7)=. FALSE, 

IF (IIYPE.GE. 3) GO TO Id 
00 14 I?ROD= I 7,4 I ,8 

LFUSES (IIS PUT, IP ROD *2) * . FALSE. 

LFUSES (I INPUT, I PROD *3) =. FALSE. 

IF (IIYPE.GE, 2) GO TO lo 
DO 16 I P 80 D= 1 , 5 7 , b 

LFUSES (IINPUT, i PROD *2) = . FALSE. 

LFUSES (II NPUT, IP ROD ► 3) =. FALSE. 

18 CONTINUE 

20 I F ( (ITYPE.Ey. 0 .OR. 

DO 99 I'INPUT-1,32 

DO 30 I P RO D = 1,8 

LFUSES (IINPUT, 1PROD* 0) = (IOT.NE.L) 

IF (IOf.NE.C) LFUSES (IINPliT, IPRQU»-66) = 
IF (IHPE ,LE,2) GO TO 99 
DO 40 IPROD=1,b 

LFUSES (IINPUT, IPROD* 8) = (IOT.NE.L) 
IF(IOT.NE.C) LFUSES (IINPUT, I PROD ►48) * 
IF (iTYPE.LL, 3) GO TO 99 
DO 50 IPKOU= 1,8 

LFUSES (IINPUT, IP RO D ► 16) = (IOT.NE.L) 

IF (IOT.NE.C) LFUSES (IINPUT, IP ROD «-40) * 
CONTINUE 
RETURN 
END 


I 2 


14 


1 6 


30 


40 


50 

99 


( (ITYPE .EQ. 4) . AND. (IOT. Eg. L) ) ) RETURN 


(IOT. NE.L) 


(IOT.NE.L) 


(IOT.NE.L) 


SUBROUTINE dINS (LFUSES, H, L) 

C THIS SUBROUTINE GENERATES BINARY PROGRAMMING FORMATS 

iriPLICIT INTEGER (A-Z) 

INTEGER ITEfl P (4,8) 

LOGICAL LFUSES ( 32 , b4) 

COMMON /LJNIT/ Pf1S.POF.PDF 
WRITE (PDF, 10) 

10 FOR HA I (// , • .',//) 

DO 20 1*1,33,32 
INC-I-1 

DC 20 I PRO D= 1 , d 

DO 20 J* 1 , 25, d 
DO 15 K — . 1 , 8 
IINPUT =J*K- 1 
IT EJ1 P (1 ,K) *L 
IT EtlP (2 ,K) =L 
ITEflP (3 , K) * L 
IT EtlP (4 , K) *L 
ISUil 3 = 1 PROD I NC 

IF (LFUSES (IINPUT, IS U ft 3 ► 0 )) ITEflP (4 , K) =H 

IF (LFUSES (IINPUT, ISUH3 ► d )) ITEflP (3, K) = rt 

IF (LFUSES (II NPUT, ISUH3 »■ 16 )) IT Ettp (2 , K) =ii 

IF (LFUSES (IINPUT, ISUH3 ► 24 )) ITEflP ( 1 , K) =H 

15 CONTINUE 


PAL 10760 
PAL 10 770 
PAL 10780 
PAL 10 790 
PAL 10800 
PAL10810 
PAL 10820 
PAL 1 0830 
PAL 10840 
PAL 10850 
PAL 10860 
PAL 1 0870 
PAL 10880 
PAL 10890 
PAL 10900 
PAL 109 1 U 
PAL 10920 
PAL 10930 
PAL 10 940 
PAL 10950 
PAL 10960 
PAL 10970 
PAL 10980 
PAL 10990 
PAL 11000 
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20 WRITE (PDF, 30) ITEHP PALI 

30 FORH AT ( ' • , 8 ( ' B • , 4 A 1 , • F •)) PALI 

WRITE (PDF, 10) PALI 

RETURN PALI 

END PALI 

C PALI 

C ft***#*?*******************#******* ********9*ft****«********«************PAL1 
C PALI 

PALI 

C THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIONAL THREE-STATE PALI 

C PRODUCT LINE WHEN 'IF(VCC)' CONDITION IS USED FOR THE PALI 

C CORRESPONDING OUTPUT PIN PALI 

PAL 1 
PALI 
PAL 1 
PALI 
PALI 
PALI 


SUBROUTINE SLIP (L FUSES , 18 8P RO , I N 0 A I , IOT , INOO , I B LOW) 

THIS SUBROUTINE WILL BLOW THE ENTIRE CONDITIONAL THREE-STATE 
PRODUCT LINE WHEN 'IF(VCC)' CONDITION IS USED FOR THE 
CORRESPONDING OUTPUT PIN 
IHPLICIT INTEGER (A-Z) 

LOGICAL LFUSES (32,64) 

DATA R/«R'/,H/' 1 •/,I2/*2'/#I i */' 1 ‘ , /.lb/ , 6 V.I8/'3 »/ 

IF ( (INOAI. NE. 16) .OR. (INOO. EQ. II) .OR. (INOO . EQ . 12) . . OR. 

1 ( (IOT. Eg. R) .AND. (INOO. EQ. 18) ) .OS. 

2 ( (IB3PRO.GE. 9) .AND. (I83PR0.LE.69) .AND. (INOO, EQ. 16) ) . 

3 ( (I88PRO.GE.17) .AND, (I38PRO.LE.41) .AND. (INOO. Eg. 16)) ) 

DO 10 1= 1 , 32 

I B LOW •= IdLOW ^ I 
10 LFUSES (I, I88PRO) * .TRUE. 

1 88 PRO * I83PRO ^ I 
RETURN 

END . - ’ 


OR t 

RETURNPAL 1 
PALI 
PAL 1 
PAL 1 
PAL 1 
PALI 
PALI 

C PALI 

C PALI 

PAL 1 

C THIS SUBROUTINE UPDATES IOUT (THE PRINTED FUSE PLOT) PALI 

C FOR HIGH AND LOW PHANTOM FUSES PALI 

PAL 1 
PALI 
PAL 1 
PALI 
PALI 
PALI 
PAL 1 
PALI 
PALI 
PAL 1 
PALI 
PAL 1 
PAL 1 
PALI 
PALI 
PAL 1 
PAL 1 
PAL 1 
PALI 
PAL 1 
PAL 1 
PALI 
PAL 1 
PALI 


RETURN 

RETURN 

RETURN 


SUBROUTINE FANTOH (I IT PE, IOUT, IPROD,I8PRO) 

THIS SUBROUTINE UPDATES IOUT (THE PRINTED FUSE PLOT) 

FOR HIGH AND LOW PHANTOH FUSES 
IHPLICIT INTEGER (A-Z) 

INTEGER IOUT (64) 

DATA X/' X'/, IDASH/’-'/, LOFANT/'O'/, HIFANT/ 'O’/ 

DO 10 I- 1, 32 

IF ( IOUT (I) ,EQ. IDASH ) IOUT (I) * HIFANT 
I F ( IOUT (I) . £ Q . X ) IOUT (1) =LOFANT 

10 CONTINUE 

IF ( (ITYPE. Eg. 4) .AND. ( (IPROD.LE. 24) .OR, (I PROD. GE. 4 1) ) ) 

IF ( (ITYPE. EQ. 3) .AND. ( (IPROD.LE. lb) ,QR. ( I PROD. G E . 4 S) ) ) 

IF ( (ITYPE. EQ.2) .AND. ( (IPROD.LE. 8) .OR, ( I PROD . G E . 5 3) ) ) 

IF ( (ITYPE. LE. 3) .AND, (1 8 PRO ,G E . 5) ) RETURN 

IF ( (ITYPE. LE, 2) ,AND.(IPROD.GE.I9) .AND. ( I PROD . L E . 4 8) .AND. 

1 (I8PRO.GE. 3) ) RETURN 
IF ( (ITYPE. EQ. 1) . AND. (I8PRO.GE. 3)) RETURN 
DO 50 1=1,32 

IF ( ((I. EQ. 15) .OR. (I. EQ. 16) .OR. (1, EQ. 19) .OR. (I.EQ.20)) .AND. 
(ITYPE. LE. 3) ) GO TO 5C 

IF (((X.EQ. 11) .OR. (I. EQ. 12) . OR . (I . EQ . 2 3) .OR . (I , EQ . 24) ) .AND. 
(ITYPE. LE. 2) ) GO TO 50 

IF(((I.EQ. 7) .OR. (I.EQ. 8) .OR. (I. EQ. 27) .OS. (I. EQ. 28)) .AND. 

(ITYPE. LE. 1) ) GO TO 50 
IF ( IOUT(I) ,EQ, HIFANT ) IOU T (I) = I D ASH 
I F ( IOUT (I) .EQ, LOFANT ) IOUT(I)*X 
50 CONTINUE 


1 


1 


l 


1010 

1020 
1030 
1040 
1050 
1060 
1070 
1080 
1 09 U 
1 100 
1110 
1 120 
1 130 
1 140 
1 150 
1 160 
1170 
1 180 
1 190 
1200 
1210 
1220 
1230 
1240 
1250 
1 260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
147 0 
1480 
1490 
1500 
1510 
152 0 
1530 
1540 
1550 
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RETURN PALI 

END PALI 

C PALI 

C PALI 

PALI 
PALI 
PALI 
PALI 
PAL 1 
PALI 
PALI 
PAL 1 
PAL 1 
PAL 1 

C PALI 

(;*$$$#<■*#$$******$*$**#**«*$**$ ** ***e**«*t**e»**«*******#*****te*pAL1 

C PALI 

SUBROUTINE IODC4 PALI 

c*#*** THIS ROUTINE IS OPTIONAL, IT HAY BE USED TO TURN PERIPHERALS OFF PALI 


SUBROUTINE IODC2 

c**#*# THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS ON 
IMPLICIT INTEGER (A-Z) 

INTEGER BEL , DC2 , ESC , FF, NUL 

COMMON /LUNIT/ PHS,POF,PDF 

DATA BEL /Z07000000/ , DC 2 /Z22000000/ 

WRITE (PDF, 10) DC2 , BEL 
1 0 FORMAT (• • , 2 A 1) 

RETURN 

END 


10 


IMPLICIT INTEGER (A-Z) 

INTEGER BE L , DC 3 , DC4 
COMMON /LU Nil/ PMS,POF,PCF 

DATA BE L/Z 07000000/, DC 3/Z 2 3 00 000G/ , DC4/Z 24 000000/ 
WRITE (PDF, 10) BE L , DC 3 , DC4 
FORMAT ( • * , 3 A 1) 

RETUH N 
END 


PALI 
PALI 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PALI 
PAL 1 
PAL 1 

PAL 1 
PAL 1 
PAL I 
PAL 1 
PAL 1 
PAL 1 
PALI 
PAL 1 
PALI 
PAL 1 
PAL 1 
PALI 
PAL 1 
PAL I 


SUBROUTINE T ES T ( L PH AS E , LBU F , T IT LE , IC , I L , ILE , IS Y M , IBU F , I T Y P E , 

1 INOO, LFIX,IPCTR,LERR,ISAF,IPCTR 1,L3All,L3A0l) 

THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION 
AND GENERATES TESI VECTORS 
IMPLICIT INTEGER (A-Z) 

INTEGER ISYM (U , 20) , ISYM'1 (d , 20) , loUF (a, 2u) , IVECT (20) , IV EC TP (20) , 
1 I ST ATE (20) , I ST ATT (20) ,IP1N(20),TITLE(B0), IPCTR 

LOGICAL LBLANK , L L E FT , LAND, LOR ,LSLASH , L E y U A L , LRIGHT, LXOB , LXNOR, 


LFIX,LSAME,XORFND,LERR,LPHASE{20) ,L?HA31(20) ,LBUF(20), 
LOUT (20) , LOUT P (20) , LCLOCK , L PT R S T , LC TRST , L E N A 8 L (20) , N R EG , 
LSA 1 1 , LS A 1 2 , LS A 0 1 
BEL 

LBLANK , LL EFT, LAND, LOR , LSL ASH, LEJUAL .LRIGHT, LXOft , LXNOR 
COMMON /PGE/ IPAGE (BO ,200) 

COMMON /LUNIT/ PHS,POF,PDF 


IN f EGER 
COMMON 


1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1 650 
1660 
1670 
1680 
1690 
I 700 
1710 
1720 
1730 
1740 
1750 
I 760 
I 770 
1 780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1800 
1 690 
1900 
1910 
192,0 
197j0 
1914 0 
1950 
I960 
1970 
1980 
1990 


>INT L , 

1 COUN. 
lAft Ejh, 


COMMON /FTEST/ I F 0 N C T , I D ESC , I F 
DATA IDAS H /'-•/, L/ • L ' / , H/ ' ' 

1 N 1/ • 1 •/, ERR/* ?•/, IB’ 

2 I8/'8'/ 

DATA BEL/Z0700000C/ 

PRINT AN ERROR ME*’ 

IF (IFUNCT. NE .0) 

WRITE (PMS , 2) 

1 FORMAT (/,' FU 


'- ' / * 2/ ' Z ' / , NO/' 0 ' / , 

• ; '/, 14/ • 4 • / , I 6/ * 6 1 /, 


IS SUPPLIED 


RDER TO PERFORM' 


PAL 1 2000 
PA L 1 20 1 0 
PAL 12020 
PAL 12030 
PAL 1 204 0 
PAL 12050 
PAL 12060 
PAL 1207 0 
PAL 1 2080 
PAL 12090 
PAL 12100 
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1 • SIHU LATION * ) 

RETURN 
PRINT TITLE 

IF ( (.NOT. LSA 11) . AND, (.NOT. LSAO I) ) KRII£(POF,4) TITLE 
FORMAT (/, • • , BOA 1 ,/) 

INITIALIZE LERR (FUNCTION TABLE ERROR FLAG) TO NO ERROR 
LERR=. FALSE. 

INITIALIZE NERR (NUMBER OF FUNCTION TABLE ERRORS) TO NO ERRORS 
N ERR=0 

INITIALIZE ITRST (THREE-STATE ENABLE FUNCTION TABLE PIN NUMBER) 
IIRST=0 

SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0 
AND IFUNCT *■ 1 

IC = 0 

IL=IFUhCT ► 1 

INITIALIZE SA1/SA0 PARAMETERS 
1PCTR 3 = 0 
IE 3 N = 0 
IPCTR=0 


MAKE A DUMMY CALL TO INCR 
CALL INCR (IC,IL, LFIX) 

GET THE FUNCTION TABLE PIN LIST (UP TO id) 

GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 
DO 10 1= 1,19 

CALL GETS If H ( LPH AS 1 , IS YM 1 , 1 , IC , I L , L F IX) 

DO 5 J= 1 , 8 

5 IBUF ( J , 1) = 1 S Y H 1 (J.I) 

IF(IBUF(8, 1) .EJ.ILASH) GOTO 12 
CALL MATCH (IMATCH, IBUF, ISYM) 

IF (IMATCH. NE.O) GO 10 7 
WRITE(PMS,6) (IBUF (J, 1) ,J=1,8) 

6 FORMAT (/, ' FUNCTION TABLE PIN LIST ERROR AT * , 
RETURN 

7 LOUT (I) =. FALSE. 

ISTATT (I) = X 
IVECTP (I) =X 

IF APPRO PI ATE PAL TYPE, REMEMBER LOCATION OF CLOCK 
ENABLE PIN IN FUNCTION TABLE PIN LIST 
IF (ITYPE.NE.b) GO TO 10 
IF (IMATCH. E3. 1) ICLOCK = I 
IIRST=I 


8 A 1 ) 


AND 


PAL 12110 
PAL 12120 
PAL 12130 
PAL 12 1 U 0 
PAL 1 2 IS 0 
PAL 12 lbU 
PAL12170 
PAL12 180 
PAL 1 2 190 
PAL 12200 
PAL 12210 
PAL 12220 
PAL 12230 
PAL 12240 
PAL 1 2 25 0 
PAL 12260 
PAL 12 270 
PAL 1 2280 
PAL 12290 
PAL 12300 
PAL 12310 
PAL 1 2320 
PAL 12330 
PAL 12340 
PAL 1 2350 
PAL 12 J60 
PAL 1 237U 
PAL 12360 
PAL 12390 
PAL 1 2400 
PAL 12410 
PAL 1 2420 
PAL 1 2430 
PAL 1244 j 
PAL 12450 
PAL12460 
PAL 1247 0 
THREE-ST ATEPAL 12480 
PAL 12490 


IF (IMATCH. EQ. 1 1) 
10 IPIN (I) =IM ATCH 
ALL SIGNAL NAMES 
ADJUST COUNT 
12 IM A X=I- 1 
N V E C T = 0 


FOR THE FUNCTIONAL TEST HAVE BEEN READ IN 


C*****START OF MAIN LOOP FOR SIfU' 

C 

C 

C INITIALLY THERE ARE NO F 

C TOTAL NUMBER OF PRODUCT 

C IPCTR 3 IS THE PRODUCT ' 

90 IPCTR2=Q 


'•;R FOR 

T. 


PAL 1 25CO 
PAL 1 25 1 0 
PALI 2520 
PALI 2530 
PAL 1 254 0 
PAL 12550 
PAL 1 2560 
PA L 1 2570 
PAL 12580 
PAL 12590 
PALI 2b00 
PAL 1 26 1 0 
PAL 1 2620 
PAL 1 263 0 
PALI 2640 
PAL12650 


AG t 
TO 



file: 
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I23N-0 

PAL 1 2 6b 0 



1PCTR3=0 

PAL 1 2670 



LSA 12=*. FALSE, 

PAL 1 2680 



LSA02=, FALSE, 

PAL 1 2680 

c 



PAL 1 2700 



N V ECT* N V 2CT ► 1 

PAL 12710 



ICl = J 

PAL 1 2720 



I L 1 = 1 LE 

PAL 1 27 30 

c 


GO PASSED COMMENT LINES 

PAL 1 2 74 J 


23 

IF (IPAGE (1 , IL) .NE.COMENT) GO TO 24 

PAL 1 2750 



I L = 1L *■ 1 

PAL 1 2760 



GO TO 23 

PAL12770 


24 

CONTINUE 

PAL 1 2780 

c 


GETS VECTORS FROM FUNCTION TABLE 

PAL 1 2790 



DO 20 1=1, 1 MAX 

PAL 12800 



IF (IPAGE (IC, IL) . EQ. IBLANK) GO TO 21 

PAL 128 10 



GO TO 22 

PALI 2820 


21 

IC=IC> 1 

PAL 1 2830 



IF (IPAGE (IC, IL) , EO, IBLANK) GO TO 21 

PALI 2840 


22 

IVECT(I) -I PAGE (rC, IL) 

PALI 2850 



IC=IC ► 1 

PALI 28bo 


20 

CONTINUE 

PAL 1 2870 

c 


ADVANCE LINE COUNI TO SKIP FUNCTION TABLE COMMENTS 

PAL 1 288 0 



I L = I L * 1 

PALI 2890 



IC=1 

PAL 1 2900 



IF (IVECT ( 1) , EQ.IDASH) GO TO 85 

PAL 129 10 

c 


CHECK FOR VALID FUNCTION TABLE VALUES (L,H,X,Z,C) 

PALI 2920 



DO 11 1= 1 , 1 M A X 

PALI 2930 



I F ( IV EC T( I). EQ. L. OR. IV EC T (I ).Ey.H. OR. IV EC T(i),EQ.X. OR. 

PAL 12940 



IVECT (I) .E3.Z. OR. IVECT (I) .EO.C) GOTO 11 

PAL 1 2950 



WRITE (PMS,8) IVECT (I) , NVECX 

PALI 2960 


8 

FORMAT (/ , • • , A 1 , • IS NOT AN ALLOWED FUNCTION TABLE ENTRY', 

PAL12976 



• IN VECTOR ’,13) 

PAL 1 2980 



RETURN 

PALI 2990 


1 1 

CONTINUE 

PALI 3000 

c 


INITIALIZE CLOCK AND THREE-STATE ENABLE FLAGS 

PAL 1301 0 



LCLOCK=. FALSE. 

PAL 13020 



LCTRST=. TRUE. 

PAL 1303 0 



LPTRST=.TRUE, 

PALI 3040 



DO 13 1=1 , IMAX 

PAL 1 3050 


1 3 

LENABL (I) = , TRU E , 

PAL 13060 

c 


INITIALIZE NREG (NOT REGISTERED OUTPUT) TO FALSE 

PALI 3070 



NREG=, FALSE. 

PAL 1 3080 

c 


INITIALIZE ISTATE ARRAY TO ALL X'S 

PAL 1 3090 



DO 15 1=1,20 

PAL 1 3 100 


15 

ISTATE (I) =X 

PALI 3 110 

c 


CHECK IF THIS PAL TYPE HAS REGISTERS 

PAL13 120 



IF (ITYPE, N E , 6) GO TO 25 

PAL 13130 

c 


CHECK CLOCK AND THREE-STATE ENABLE PINS AND CHANGE FLAG IF NEEDED 

PALI 3 140 



IF (IVECT (I CLOCK) . Etf.C) LC LOCK = . TRUE . 

PAL 13 15U 



IF (ITRST. EQ. 0) GO TO 25 

PAL 13 160 



LS AM E= ( ( LPH ASE ( 1 1) ) . AND . ( LP H A S 1 ( ITR ST) ) . 0 R . 

PALI 3 170 



(. NOT.LPHASE(II)) . A.NU , (.NOT.LPHASl (ITRST) ) ) 

PAL 13 180 



IF ( IVECT (ITRST) .EQ.L.AND. (.NOT.LSAME) , 0 H , 

PAL 1 3 130 


1 IVECT(ITRST) .EQ.H.AND, ( LSA.1E) ) LPTRS T= , FALSE, 

PAL 1 3200 
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IF(LPraST) GO TO 25 

DISABLE REGISTERED OUTPUTS IF APPROPRIATE 
DO 46 I* I, I« AX 
J=IPIN (I) 

IF (J. Eg. 14.0R.J. EQ. 15. OR. J .EQ. 16. OR. J.EQ. 1 7) LENABL(I) 


IF ( INOO. EQ.I6.AND. (J. Eg. 1 3.0R.J . EQ. IB) ) LENABL(I) 

IF ( INOO. EQ. 18. AND. ( J . E Q . 1 2 . OR . J . EQ . 13 

.OR. J ,EQ. 1 8 .Oft. J . EQ. 19) ) LENABl(I) 


FALSE, 

FALSE, 


46 CONTINUE 
C 

C*****3CAN THROUGH THE LOGIC EQUATIONS*’***# 

HAKE A DUMMY CALL TO INCR 

25 CALL INCR (IC 1 , I L 1 , L FI X) 

26 CALL GETSYH (LBUF, IBUF, 1 ,ICl,ILt f LFIX) 

IF (LLEFT) GO TO 25 

27 IF ( .NOT. LEQU AL) GO TO 26 

IF(LEQUAL) IEQN*IEQNH 

EVALUATE CONDITIONAL THREE-STATE PRODUCT LINE 
29 IF (LEQUAL) GO TO 35 
N ft EG*. TRUE. 

33 CALL GETSYH(tBUF, IBUF, 1,ICl, III, LFIX) 

CALL MATCH (IINP, IBUF, ISYH1) 

CHECK FOR GND, VCC, /GND, OR /VCC IN CONDITIONAL THREE-STATE 
PRODUCT LINE 
IF (IINP.NE.O) GO TO 32 
CALL HATCH (IMATCH, IBUF, LSYM) 

ILL = IL 1 

IF ( IINP, EQ.G. AND. IMATCH. NE. 1 0 . AN D . IflATC H , N E. 20 ) GO TO 100 
IF ( IMATCH .EQ. 10. AND. (LBUF (1) ) .OR, 

1 IrtAICH.EQ, 20, AND. ( .NOT . LBUF (1 ) ) ) LCTSST= . FALSE. 

GO TO 34 

32 ITEST*! VECT (IINP) 

IF C ITEST . EQ. L. AND. ( LPH AS 1 (II NP) ) . AND. ( LBUF( I)) 

I . OR . ITEST. EQ.ri. AND. ( L P H AS 1 (I I N P) ) . AN D . ( . NOT . LBU F ( 1 ) ) 

2. OR. ITEST . EQ. H . AND . (, NOT, LPH AS 1 (II NP) ) . AND. ( LBUF (I ) ) 

3. OR. ITEST. EQ. L. AND. (, NOT. LPH AS 1 (IINP) ), AND, (. NOT , LBUF ( 1 ) ) 

4 ) LCTRST* . FALSE. 

IF (ITEST. EQ. X. OR. ITEST. EQ. Z) ICTRST= . FALSE, 

34 I F (LAND) GO TO 33 
GO TO 27 

C 

C EVALUATE THE LOGIC EQUATION 

C 

C FIND THE PIN NUMBER OF THE OUTPUT VECTORS 

C 

35 IPCTR3=0 


CALL MATCH (IOUTP, IBUF, ISYMl) 

FLAG UNREGISTERED OUTPUTS 
CALL MATCH (IOUT, IBUF, ISYH) 

IF (ITYPE, LE.5) NR EG= .TRUE. 

I F ( (IN 00, EQ. 14, OR, IN 00, EQ. 16) .AND, (IOUT.EQ. 1 2 . OR . IOU T . EQ . 19) ) 
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1 N P. E G = .TRUE, 

PALI 3 760 



I F ( (INOO. EQ.I4) .AND. (IOUT.Eg. I3.0R.I0U1 .EQ. 18) ) NR EG* .TRUE. 

PAL IJ 770 



ILL=IL1 

PALI 3780 



IF (IOUTP. Eg. 0) GO TO 100 

PAL 1 3790 



IF ( NR EG) LENA3L (IOUTP) “LCTRST 

PAL I380U 



LOUT ( IOU TP) = , T R U E , 

PAL 1 381 0 



I F ( , NOT , LCTRS T ) LOUT (IOUTP) =. FALS E. 

PAL 13820 



LCTHST* . TRUE . 

PAL13830 



LOUTP (IOUTP) =L3U F ( 1) 

PAL 1 3840 

c 


DETERMINE PRODUCT TERM AND EVENTUALLY SUM FOR OUTPUT KEEPING 

PAL I 3860 

c 


TRACK TO SEE IF AN XOR (EXCLUSIVE Oft) H AS SEEN FOUND 

PhL 13860 



X0R3U.1=H 

PAL 1 3870 



XOR FND= .FALSE. 

PALI 3880 



I S U J1 - L 

PAL 13890 

c 



PAL 1 3900 


28 

IPCTR2*1PCTH2»- 1 

PALI 3910 



IPCTR 3*IPCTft 3 ► 1 

P A L 1 3 9 2 0 

c 



PAL 1 39 30 



IPCTR = IPCTR *• 1 

PAL 1 3 940 



I PROD = H 

PALI 3950 


30 

ILL*! L 1 

PAL 13960 



CALL GETS i tt ( LBUF , I3UF, 1 , IC 1 , I L 1 , L F I X) 

PAL 1 3970 



IF ( .NOT. LFIX ) GO TO 39 

PAL 13980 

c 


EVALUATE THE FIXED SYMBOLS FOUND IN THE PAL1&X4 AND PAL1oA4 

PAL 13990 



LFIX*. FALSE. 

PAL 1 4000 



CALL FIXTSr(LHlASl,LliUF,ICl,IL1,lSYM,ISYMl,IBUF, 

PAL 1 40 1 0 



l IV ECT , I V ECTP , ITEST, LC LOCK, NR EG , LFIX) 

PAL 14020 



IF (IftitOD. Ej. H) I PROD* ITEST 

PAL 14030 



GO TO 3o 

PAL 14040 


39 

CALL MATCH (IINP, IUUF, ISYM 1) 

PAL 14050 



IF (IINP.NE .0) GO TO <4 7 

PAL 14060 



CALL MATCH (I MATCH , I3U Y , iSYM) 

P A L 1 4 0 7 0 



IF (IMATCH. NE . 10 . AND, IMATCH. NE. 20) GO TO 100 

PAL 14080 

c 


XWEEK FOR GND AND VCC IN PRODUCT LINE 

PAL 14090 



IF (IMATCH, Eg . 10) ITEST = L 

PA L 14 100 



IF (IMATCH, Eg, 20) I T E S T = H 

PAL 14 1 JO 



IINP* 19 

PAL 14 120 



LPHAS 1(19) = .TRUE . 

PAL 14 130 



GO TO 37 

PAL 14 140 


U7 

I I£ST=I V EC T (IINP) 

PAL 14 150 

c 


GET REGISTERED FEED SACK VALUES 

PAL 14 160 



IF(NREG) GO TO 37 

PAL 14 170 



CALL MATCH (IIFB.IbUF, ISYM) 

PAL 14 180 



IF ( (INOO . Eg .14 .OR .INOO .Eg .It .OR .IN 00. Eg. 18). AND. 

PAL 14 190 



1 (IIFb.EO. 14. OR. IIFB.Eg. 15. OR. IIFb. Eg. IS. OR. IIFB.EQ, 17) ) 

PAL 14200 



2 IIEST*IVECTP (IINP) 

PAL14210 



I F ( (INOO. E g. Iu. OR. IN 00. Eg. 18) .AND. (IIFB.Eg. 13. Oft. IIFB.EQ. 18) ) 

PAL 14220 



1 ITEST*IVECTP (IINP) 

PAL 14230 



i F ( INOO. EQ.I8.AND. (IIFB.EQ. 12. OR. IIFB. Eg. 19) ) 

PAL 14240 



1 IIEST*rVECTP (IINP) 

PAL 14 250 


37 

IF ( ITEST. Eg . X .OR , ITEST. EQ, Z ) ITE5T=L 

PAL 14 260 



I F ( ITEST. EQ. L. AND. ( LPHAS 1 (IINP) ). AND. ( LBUF(l)) 

PAL 14270 



1,0ft, ITEST. EQ. H. AND. ( L PH AS 1 (II N P) ) . A ND . ( . NOT . LB U F ( 1 ) ) 

PAL 14280 



2. OR. ITEST. Eg. H , A ND. (. NOT . LPHAS 1 (IINP) ). AND, ( LBUF(I)) 

PAL 14290 



3. OH. ITEST. EQ. L. AND. (. NOT. LPH AS 1 (IINP) ) , AND. (. NOT. LBUF ( 1) ) 

PAL 14300 
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4 ) IPROD = L 

C 

C CHECK FOR A PARTICULAR PRODUCT TEHtt AND GO FOR SA 1 TEST 

IF ( (1PCTR2 .EQ.IPCTR 1) . AND, (LSAl 1) ) GO TO 110 
C 

36 IF ( LKIGH I) CALL I NCR ( IC 1 ( IL 1 t LF I X) 

IF (LAND) GO TO 30 
C 

C CHECK FOR A PARTICULAR PRODUCT TERM AND GO FOR SAO TEST 

IF ( (IPCTR2 . Ey. IPCTR 1) . AND. (LSAOt) ) GO TO 120 
C 

121 IF (ISUil, EQ.L. AND, IPROD, EQ. X) ISUM=X 

IF ( (ISUM.NE.H) .AND. IPROD. EQ.H ) ISUH=H 
C CHECK FOR XOR (EXCLUSIVE OR) AND SAVE INTERMEDIATE VALUE 

IF (.NOT. LX OR) GO TO 31 
XORSUtt=I5UM 
XORFND=.TRUE . 

ISUM=L 
GO TO 23 

3 1 IF (LOR) GO TO 26 
I PCTH3=0 

C IF END OF EQUATION HAS BEEN FOUND, DETERHINE FINAL SUM AND SAVE 

IF (.NOT. XORFND) IS TATI (IOUTP) = I SUM 

IF ( (XORFND) .AND. ( (1SUM.EQ. L. AND.XORSUM, EQ.L) .OR. 

1 (ISUM.EQ.H. AND.XORSUM. EQ. H) ) ) ISTATT (IOUTP) = 

IF ( (XORFND) .AND. ( (ISU ft . L Q . tt . A N D . XO R SUM . EQ . L) .OR. 

I (ISUM. Eg. L. AND.XORSUM. EQ.H) ) ) 1ST A IT (IOU TP) * 

I F ( (XORFND) . AND. (ISU M . EQ . X . OH . XORSUH.EQ.X) ) ISTATT (IOUTP) * 

C REGISTER DOES NOT CHANGE STATE IF NO CLOCK PULSE IS RECEIVED 

IF ( (LCLOCK) .OH. (N3EG) ) GO fO 3b 

LSAHE = ( ( LOUTP (IOUTP) ) .AND. ( LPH A S I ( IOUTP ) ) . 0 R . 

1 (. NOT. LOUTP (IOUTP) ) .AND. (.NOT. LPHA5 1 (IOUTP) ) ) 

I F ( IVECTP (LOUTP) ,Ey. L. AND. ( LS A HE) ) ISTATT (IOUTP) =L 

I F ( IVECT? (IOUTP) .EQ.H. AND. ( LSAttE) ) I ST A TT ( 10 UT P) = H 

I F ( IVECT? (IOUTP) .EQ.L. AND. (.SOT. LSAHE) ) ISTATT (IOUTP) *H 

IF( IVECTP (IOUTP) .EQ.'rt. AND. (.NOT. LSAHE) ) I ST A TT ( 10 UT P) = L 

36 NREG=. FALSE. 

C CHECK IF ALL EQUATION^ HAVE BEEN PROCESSED BY COMPARING CURRENT 

C LINE NUMBER WITH FUNCTION TABLE LINE NUMBER 

• IF (IDESC. N E.O . AND. IL 1 . LT.IFUNCT . AND .1 LI .LT.IDESC .OR . 

1 IDESC. EQ. 0, AN D.IL 1 . LT.IFUNCT) GO TO 27 
C DETERMINE OUTPUT LOGIC VALUES 

C COMPARE OUTPUTS TO SEE IF VECTOR AGREES WITH RESULTS 

DO 50 1= l , I M A X 
IF ( .NOT. LOUT (I) ) GO TO 50 

I F ( ISTATT (I) . EQ. X. AND. IV ECT (I) . EQ. X ) GO TO 50 
LSAHE = ( ( LOUTP (I) ) .AND. ( LPHAS 1 (I) ) .OR . 

1 (.NOT. LOUTP ( L ) ) .AND. (.NOT.LPHASl (I)) ) 

IMESS=40 

IF (ISTATT (I) .EQ. L. AND. IVECT (I) .EQ. L. AND. (.NOT. LSAHE) ) 

IF (ISTATT (I) .EQ.H, AND, IVECT (I) .EQ.H.AND, (. NOT. L SAME)) 

IF (ISTATT (I).EQ.L.AND.IVECT(I).£Q.H.AND.( LSAKE)) 

IF (ISTATT (I) .EQ.ri. AND. IVECT (I) .EQ.L.AND. ( LSAKE) ) 

IF ( ( LENAbL (I) ) .AND. IVECT (I) . EQ.Z ) 

I F ( (.NOT. LENABL (I) ) .AND, (LOUT(I)) . AND. IV ECT (I) .NE.Z) 


IMESS=4 1 
I NES5=42 
Itl£SS = 42 
I MESS=4 1 
IML’SS = 43 
IttKSS=44 


PAL 14310 
PAL 14320 
PAL 14 330 
PAL 14340 
PAL 14350 
PAL 14360 
PA L 1 4 37 0 
PAL 14380 
PAL 1435U 
PAL 14400 
PAL 144 10 
PAL 14420 
PAL 1 44 30 
PA L 1 4 44 0 
PAL14450 
PAL 14460 
PAL 1447U 
PAL144B0 
PAL 14490 
PAL 14500 
PAL 14510 
ITPAL 14520 
PA L 1 4 53 0 
PAL 14540 
PAL 14550 
PAL 14560 
PAL 1457 0 
PAL 14580 
PAL 14590 
PAL 14600 
PAL 146 10 
PAL 14 62 0 
PAL 14630 
PAL 14640 
PAL 14650 
PAL 14660 
PAL14670 
PAL 14680 
PAL 14690 
PAL 14700 
PAL14710 
PAL 14 720 
PAL 14730 
PAL 14740 
' PAL14750 
PAL 14 760 
PAL 14 770 
PAL 14780 
PAL 14790 
PAL 14800 
PAL 14810 
PAL 14820 
PAL 14830 
PAL 14840 
PAL 14850 
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IF (IMESS. N£. 40) LEH R= , TRUE, 

IF NO FAOLI GO FOR NEXT VECTOR ELSE GET OUT OF SIMULATION AND 
START SIMULATION FOR THE NEXT PRODUCT TERM. 

IF ( (. NOT. LERR) .AND. ( (LSA1 I) .OR. (LSAO 1) ) ) GO TO 50 
IF ( (LERR) . AMD. ( (LSA 11) .OR. (L3AU I) ) ) GO TO 1 1 5 

IF (inESS. Eg. 4 1) WRITE (PMS ,4 I) N V EC T , (I S Y fi t ( J , I ) , J = I , 8) 

41 FORMAT (/, * FUNCTION TmBLE ERROR IN VECTOR*, 13,' PIN =',3Al, 

I * EXPECT = H ACTUAL = L') 

IF (IMESS. Eg. 42) W RITE ( PMS , 4 2) S V EC T , (IS Y Ml ( J , I) , J = 1 , 8) 

42 FORMAT (/ , 1 FUNCTION TABLE ERROR IN VECTOR', 13,* PIN =',8A1, 

1 ' EXPECT = L ACTUAL = H') 

IF (I MESS. Eg. 43) WRITE (PMS, 43) N VECT, (ISYM 1 (J , I) , J= 1 , 8) 

43 FORMAT (/ , ' FUNCTION TABLE ERROR IN VECTOR', 13,' PIN =',8Al, 

l /,' EXPECT = OUTPUT ENABLE ACTUAL = 2') 

IF (IMESS. Eg. 4 4) W R 1 1 E ( P MS , 4 4) N V EC T , (IS V M 1 ( J , I) , J= 1 , 8) , I V EC T ( I) 

44 FORMAT (/,' FUNCTION TABLE ERROR IN VECTOR', 13,* PIN =',oAI, 

1 • EXPECT = L ACTUAL * *,At) 

I F ( (IMESS. NE. 40) .AND. (PMS. E2.B) ) WRITE (PMS, 45) BEL 

4 5 FORMAT ( • » , A 1) 

IF (IMESS. ME. 40) IVECT(I)=£RR 
IF (IMESS. RE. 40) NERR=NEKRH 
50 CONTINUE 

CHANGE T h £ ORDER OF VECTORS FROM THE ORDER OF APPEARANCE IN THE 
FUNCTION TABLE TO THAT OF THE PIN LIST AND TWEEK FOR OUTPUT 
DO 65 I = 1 , 20 

DO 55 J= I , IMAX 

IF ( I P I N (J) . NE.I) GO TO 55 

I F ( IVSCT (J) .EQ.L.OR.iVECr (J) .Eg.H ) GO TO 51 
ISTATE (I) = I V EC T (J) 


5 t 


GO TO b 5 

LS A M £= ( ( LPHASE (I) ) .AND. ( LP H AS 1 ( J ) ) . 0 R . 

(.NOT.LPHASE (I)) .AND. (.NOT. I PH AS 1(0)) ) 


P A L t 4 8 6 0 
P A L 1 4 6 7 U 
PAL 14880 
PAL 14890 
PAL 14900 
PAL 149 t 0 
PAL 14920 
PAL 149 30 
PAL 14940 
PAL 14950 
PAL 1496u 
PAL 14 970 
PAL 14980 
PAL 14990 
PAL 15000 
PAL 15010 
PAL 15020 
PAL 15030 
PAL 15040 
PAL 15050 
PALI 5060 
PAL 15070 
PA L 15080 
PAL 15 090 
PAL 15 100 
PAL 15 1 1 J 
PALIS 12u 
P A L 1 5 13 0 
PALIS 140 
PAL 15 150 
PAL 15 IbO 
PAL 15 170 
PAL 15 180 
PAL 15190 


XF ( 

INOO. Eg.Nl.AND 

. (I.BQ. 

15. OR. I . Eg. lb) ) 

LOUT (J) = , TRU E , 

PAL 15200 

IF ( 

(. NOT . LOUT (J) ) 

.AND. ( 

LSAME) . AND, 


PAL 152 10 


I VECT (J) . Eg. 

L ) 


ISTATE (I) *NG 

PAL 15220 

I F ( 

(.NOT. LOUT (J)) 

.AND. ( 

LSAME) .AND. 


PAL 15230 


I VECT (J) . E 3 . 

H ) 


ISTATE (I) =N I 

PAL 15 240 

IF ( 

(.NOT. LOUT (J) ) 

. AND. (. 

NOT. LSAME) .AND, 


PAL 15250 


I VECT (J) .Eg. 

L ) 


ISTATE (I) = N 1 

PAL 15260 

IF( 

(. NOT. LOUT (J) ) 

.AND. ( , 

NOT .LSAME) .AND. 


PAL 15 270 


i VECT (J) . Eg. 

H ) 


ISTATE (I) = NO 

PAL 15280 

IF ( 

( LOUT (J) ) 

.AND. ( 

LSAME) .AND. 


PAL 15290 


IVECT (J) .Eg, 

L . A N 0 . ( 

LENAtiL (J) ) ) 

ISTATE (I) * L 

PAL 1530D 

in 

( LUUT(J)) 

.AND. ( 

LSAME) .AND, 


PAL 15310 


IVECT (J) .Eg. 

H . A N 0 . ( 

LENABL (J) ) ) 

ISTATE (I) =H 

PAL 15320 

I F ( 

( LOUf(J)) 

.AND. (, 

NOT. LSAME) .AND. 


PAL 15330 


IVECT (J) . Eg. 

L . A N D . ( 

LENABL (J)) ) 

ISTATE (I) •= H 

PAL 1534 0 

IF ( 

( LOUT ( J) ) 

.AND. (. 

NOT .LSAME) .AND. 


PAL 15350 


IVECT (J) .Eg. 

H . A N D . ( 

LENABL (J) ) ) 

ISTATE (I) =L 

PAL 1 5 3o 0 

IF ( 

IVECT (J) . Eg. ERR ) 


ISTATE (I) *E RR 

PAL 15370 


GO TO 65 PALIS 360 

55 CONTINUE PAL1S390 

SAVE PRESENT VECTORS FOR FEED BACK USED WITH NEXT SET OF VECTORS PALlS40oi 
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IF CLOCK PULSE AND NOT 2 (HI-Z IS ASYNCHRONOUS) 

65 I F ( (LCLOCK) . AND. IVSCT (J) , N£. Z ) I V ECTP ( 0) = I V ECT (J) 

ASSIGN X TO GROUND PIN AND I TO VCC PIN 
ISTATE (10) = X 
ESTATE (20) =N 1 
PRINT TEST VECTORS 

IF ( (, NOT. LS All) . AND. (. NOT.LSAO I) ) WRITE (POF, 60) 

I NVECT, (ISTATE (I) ,1=1, 20) 

60 FORMAT (' ' , I 3 , • » , 2UA I) 

GO TO 90 

TERMINATE SIMULATION 

95 IF ( (.NOT. LERR) . AND. (LSA 1 I) ) WRITE (POF, 150) 1PCTR4.IEQNI 
ISO FORMAT ( ' ',' PRODUCT: ',13,' OF * , • EQUATION.’ ,13, 1 

I UNTESTED (SA I) FAULT') 

IF ( ( . NOT . LERR) . AND. (LSAO 1) ) W H ITE ( PO F , I 5 5) IPCTR4 , IEQN1 
155 FORMAT ( ' PRODUCT: ',13,' OF * , ' EQUATION. ' , 13, ' 

1 UNTESTED (SAG) FAULT') 

I F ( ( , NOT .LEHR) .AND, ( ( . NOT. LSA 11) .AND, (.NOT, LSAO 1) )) WRITE(?OF,67) 

67 FORMAT (/,' PASS SIMULATION') 

IPCTR = IPCTR/ (NVECT- I) 

IF ( ( LERR) , AND. ( (. NOT. LSA II) .AND. (.NOT.LSAO!))) 

IWRITE (POF ,68) NERR 

68 FORMAT (/,' NUMBER OF FUNCTION TABLE r.RRORS = ',I3) 

RETURN 

PRINT AN ERROR MESSAGE FCR AN UNDEFINED PIN NAME 

100 ILERR=1LL*4 

WRITE (P MS, 10 1) ( I B U F ( i , l) ,1=1,8) , ILERR , (IPAGE (I, ILL) ,1=1, 60) 

101 FORMAT (/ , ' ERROR SYMBOL = • , 8 A 1 , • IN LINE NUMBER ',13, 

1 /,' ' , 80 A 1 ,/, * THIS PIN NAME IS NOT DEFINED IN THE', 

2 • FUNCTION TABLE PIN LIST') 

RETURN 

THE PRODUCT TERM IS PULLED HIGH AND THE PRODUCT NUMBER 
AND EQN NUMBER IS REMEMBERED 
110 I ?KOD=H 

LS A 1 2= . T RU E , 

IEQN I = I E Q N 
IPCTR4=IPCTR3 
GO TO 38 


THE PRODUCT TERM IS TESTED FOR SAO FAULT AND ALSO REMEMBERED 
120 I PROD=L 

LSA02=.TRUE. 

IEQNl=IEvN 
IPCTR4=IPCTR3 
GO TO 121 


IF NO FAULT THEN NEXT PRODUCT TERM 
1 15 ISAF = ISAf ► 1 
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L E H R = , FALSE, 

RETURN 
C 

END 
C 

c 

SUBROUTINE FIXrST(LPHASl,LBUF,ICl,ILI t IS*fl, IS* Ml, IBUF, 

I IVECT, IVECTP, IIESi , LCLOCK.NRcG, LFIX) 

C THIS SUBROUTINE EVALUATES THE FIXED SVM30LS FOUND IN THE 

C PALIoaL AND ? A L 1 o A 4 FOR THE FUNCTION TABLE 


IMPLICIT 
I N f E 0 t R 
LOG i C A L 


NTSGER ( A - Z ) 


^ ^ " / 

IS XM (a , 20 ) , IS r M I (a , 20 ) , 16 J F (a, 2 U) , I VECT (2 0 ) , I VECTP (2 0 ) 

, L 3 LANX , LLEFT , LAND , LOR , LSLASH, LEQUAL.LRIGHT , LXOR , LX NOR, 
LFIX,LPHAS 1 ( 20 ) , LBUF ( 20 ) , LCLOCK , N tt EG , TO R , rXOR,TXNOH,TAMD, 
LPHASA, LPHAS.) 

L 3 LANK , LL EFT , LAND, LOR , LSLASH, LEQUAL, LR IGHT, LXOR , LXNOR 
/POE/ IPAGE (U 0 , 2 CC) 

DATA L/‘ L* / , H/ • U •/ , X/* X 1 / , 2 /' 2 '/ 

GET OUTPUT PIN AN (WHERE N = 0 , 1 , 2 , 3 ) 

CAL*, oETjY fl (LBUF, IBUF, 1 ,IC 1 ,IL 1 ,LFIX) 

CALL MATCH ( 1 1 N P , IEUF, I S I M I ) 

ITESTA = lVSCr ( 1 1 N P ) 


COMMJ N 
COMMON 


PAL 15960 
P A L 1 5 97 0 
PAL 15960 
PAL 15990 
PAL 16000 
loQ 10 
PAL 1 6020 
PAL 160) J 
PAL 16040 
PAL 16050 
PAL 1 600 0 
PAL 16070 
PAL 16080 
PAL 16090 
PAL 16 100 
PAL 16 110 
PAL 16 120 
PAL1613G 
PAL 16 140 
PAL 16 150 
P AL 16 IbO 
PAL 16 170 

a a t 1 c i * , . 


LPHASA = ( ( L JU F { 1) ) . AND . ( LP rt A S l ( 1 1 N P) ) . 0 n . 

1 ( . NOT . LBUF ( 1) ) . AND . ( .NOT. LPHA 3 1 (IINP) ) ) 

C GET REGISTERED FESu BACK VALUES 

IF(NHEG) GO TO 5 
CALL MATCH (I IF J, IBUF, IS YK) 

1 F ( II F8 , ui . I4.Ob.IIFB.Ev. li.OR.IIF3.E2, lb.0n.IIF3.EQ. 17 
1 irE 5 TA = I VECTP (I i n ?) 


PAL 16 190 
PAL 16 200 
PAL 1o2 1 0 
PAL 16220 
PAL lt>230 
PAL 16240 
PAL 16250 


5 I F ( (. NOT . LPHASA) . *NJ . ITESIA . E* . L ) 

1 F ( (.NOT. LPHASA) .AND. ITESIA, EQ.H ) 
GO TO 20 
10 ITE3i'A=H 
- GO TO 20 
15 ITESTA=L 

20 I F ( , NOT, LRIGHT ) GO TO 25 
ITSSr=I TESTA 
R E TURN 

C SAVE T u E FIXED SYMBOL OPERATORS 

25 TOR = (LOR . A ND .(, NOT , LXOR) ) 

T X u R = (LXOR) 

TXNOR = (LXNCh) 

TANu = (L AN D. A ND . (. NOT . LX NOR) ) 

C GET INPUT BN (WHERE N=0,1,2,3) 

CALL GETS/M (LBUF, IBUF, 1 ,IC1 
CALL MATCH (IINP, 12UF.J.SYM 1) 
ITEST3=IV ECT (IINP) 

LPHASB = 

1 

I F ( (.NOT 
I F ( (.NOT 
GO TO 40 
JO ITESTB=H 
GO TO 40 


GO TO 10 PAL 162b0 

GO TO IS PAL 16 270 

PAL 16280 
PAL 1b290 
PAL 16300 
PAL 16310 
PAL 16320 
PAL I o 33 0 
P A L 1 6 3 4 0 
PAL 16350 
PAL l 6360 
PAL 16370 
PAL 16360 
PAL 16390 
PAL 1 b400 
PAL 164 10 
PAL 16420 
PAL 16430 
PALI 544 0 
PAL 16450 
PAL 16460 
PAL 16470 
PAL 16480 
PAL 16490 
PAL 16500 


I L 1 , LFIX) 


( ( LBUF ( 1) ) . AND . ( LPHAS 1 (IINP) ) .OR. 

( . NOT . LoJF ( 1) ) .AND, (. NOT .LPHAS 1 (IIN P) ) ) 

. LPHASB) .AND. ITESTO. EQ. L ) GO TO 30 
.LPHASB) .AND.ITESrB.ET.it ) GO TO 35 


24 
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35 IT ESI B=L 

C EVALUATE THE FIXED STrtBOL EXPRESSION 

40 ITEST=L 

I F ( (TOR) .AND. (ITESTA. Eg. H. OR. ITESTB.Ey.H) ) 

IF ( ( T X 0 R ) .AND. ( (I TESTA. Eg. H .AND. 1 1 ESI 0, HE , H) .OR. 

) (ITESTA. NE.H. AND. ITESTB.EQ.H) )) 

IF ( (TXNOR) . AND. ( (IT EST A . Eg . I T ES I B) .OR. 

I (ITESTA. Eg , X .OR. ITESTO.EQ.X) )) 

I F ( (TANU) . AND. (ITESTA. NE. L. AND. ITESTB. NE. L) ) 

IF ( (ITESTA, Eg. X. OR. ITESTA. Eg. Z) .AND. ( IT EST 3 . E Q . X ) 

RETURN 

END 


IT EST^H 


ITEST-H 

IT E3T = H 
IT EST=H 

irisr=x 


PAL 165 1 0 
PAL 16520 
PAL 16530 
PAL 16540 
PAL 16550 
PAL 16560 
PAL 16570 
PAL 16580 
PAL 15530 
PAL 16600 
PAL 166 10 
PAL 16620 
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FILE: PAL24 FORTRAN 

A NSC TIME 

SHARING SERVICES VM/SP RELEASE 2.0 


C**PALA3n24<‘*PALA3M24<‘< : PALASM24<‘<‘PALA 

Sn2 4*4‘PALAS.l24<‘«‘PALASM24 **?A L AS H24 *PA LOO 0 1 0 

C 



PA LOGO 2 0 

C PALASM. 2 4 

TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT 

PAL000J0 

C 

CODE for matt 

EL' FOR DIRECT INPUT TO STANDARD 

P A L 00 04 0 

C 

PROr. PROGRAMMERS, 

PAL0005G 

c 



PAL0006G 

c 

INPUT: 

PAL DESIGN SPECIFICATION ASSIGNED 

PAL00070 

c 


TO R ? 0 ( 1 ) , OPERATION COOES ARE 

PAL0008G 

c 


ASjIGN ED TO RD? (5) . 

PAL00090 

c 



PALOO 100 

c 

OUTPUT: 

ECHO, SIMULATION, AND FUSE PATTERN 

PALOO 1 IG 

c 


A t< 2 ASSIGNED TO POF(6). HEX AND 

PALOO 120 

c 


BINARY PROGRAMMING FORMATS ARE 

PALOO no 

c 


ASSIGNED TO PDF (6) , PROMPTS AND 

PALCO 1 4 0 

c 


ERROR MESSAGES ARE ASSIGNED TO 

PALOO no 

c 


PMS (o) . 

PALOO 160 

c 



PALOO 1 70 

c 

PARI NUMBER: 

THE PAL PART NUMBER MUST APPEAR 

PALOO 160 

c 


IN COLUMN ONE OF LINE ONE. 

PALOO no 

c 

' 


PALOO 2 GO 

c 

PIN LIST: 

24 SYMBOLIC PIN NAMES MUST APPEAR 

P A L 00 2 1 0 

c 


STARTING ON LINE FIVE. 

PALOO 2 20 

c 



PAL0023J 

c 

EQUATIONS: 

STARTING FIRST LINE AFTER THE 

PAL00240 

c 


PIN LIST IN THE FOLLOWING FORMS: 

PAL00250 

c 



PAL0026U 

c 


A = J*C ► D 

P AL 00 27 0 

c 



PALOO 260 

c 


A := B*C ► D 

PALO 0260 

c 



PALC030C 

c 


IF ( A*B ) C * D *■ E 

P A L 00 3 1 0 

c 



PAL0032 0 

c 


ALL CHARACTERS FOLLOWING ARE 

P A L 0 0 3 30 

c 


IGNORED UNTIL THE NEXT LINE. 

P A L 00 34 0 

c 



PALOO 35 0 

c 


BLANKS ARE IGNORED. 

PAL00360 

c 



PALO 0370 

c 

OPERATORS : 

( IN HIERARCHY OF EVALUATION ) 

PALOO 360 

c 



PALOO 360 

c 


; COMMENT FOLLOWS 

PAi.00400 

c 


/ COMPLEMENT 

PAL004 10 

c 


AND (PRODUCT) 

PAL0042 0 

c 


*■ OR (SUM) 

PAL00430 

c 


: »■ : a JR (EXCLUSIVE OR) 

PAL00440 

c 


( ) conditional three-state 

P AL004b0 

c 


= equality 

PAL0046U 

c 


REPLACED BY (AFTER CLOCK) 

PAL0047D 

c 



PAL00480 

c 

FUNCTION 

L, h, X, Z, AND C ARE VALID 

PAL00460 

c 

TABLE : 

FUNCTION TABLE VECTOR ENTRIES. 

P ALQ0500 

c 



PAL005 10 

c 

REFERENCE: 

A COMPLETE USERS GUIDE TO 

PAL0052U 

c 


DESIGNING WITH PALS USING PALASM 

PAL00530 

c 


IS PROVIDED IN THE MONOLITHIC 

P A L 0 054 0 

c 


MEMORIES PAL HANDBOOK. 

PA L00550 
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c 


PAL00560 

c 

SUBROUTINES: I N IT L 2 , G E IS I M , I NC R t M A T CH , I X L A TE , 

PAL0057 0 

c 

ECHO, CAT , PINOUT , PLOT , H EX , TWEEK, 

PAL0056 0 

c 

BINH,SLIP,FANT0M,I0DC2 ,iodcu , test, 

PAL00590 

c 

PLOTF, 5UMCHK 

PAL00600 

c 


PAL006 10 

c 

REV LEVEL: 02/12/82 (VAX/VKS VERSION) 

PAL00620 

c 

10/13/82 FAULT TESTING 

P A L 0 O 6 3 0 

c 

10/15/82 JEDEC FORMAT 

PAL 00 64 0 

c 

BY : I .M. BENGALI 

PAL0065C 

c 


PAL00660 

c 

AUInORS: JOHN RISK N ER AND VINCENT COLI 

PAL00670 

c 

MONOLITHIC MEMORIES INC, 

PAL00680 

c 

JlfaS EAST ARGUES AVENUE 

PAL00690 

c 

SUNNYVALE, CALIFORNIA 84043 

P A L 00 700 

c 

(408) 7 38-3535 

PAL 00 7 ID 

c 


PALOO 720 

c 

FINE PRINT: MONOLITHIC MEMORIES TAKES NO 

PAL0073 0 

c 

RESPONSIBILITY FOR THE OPERATION 

PALOO 740 

c 

OR MAINTENANCE OF THIS PROGRAM. 

PALOO 75 0 

c 

THE SOURCE CODE AS PRINTED HERE 

PAL00760 

c 

PRODUCED THE OBJECT CODE OF THE 

PALOO 770 

c 

EXAMPLES IN THE APPLICATIONS 

PAL00780 

c 

SECTION ON A VAX/VMS 11/780 

PAL00790 

c 

COMPUTER AND A NATIONAL CSS IBM 

PAL00800 

c 

SYSTEM/370 FORTRAN IV (G). 

PAL008 10 

c 


PAL0082 0 


c 


PAL00840 

c 


PAL00850 

C$**$$*$$$$*$$$j>*$$$$*«4*#*^#**$#*$**$$#fc**$*$$*fc*£$*****$****$$$$*$****PAL008bU 

c 


PAL00870 

c 


PAL0088D 

c 

MAIN PROGRAM 

PAL00690 

c 


P AL00900 


IMPLICIT INTEGER (A-Z) 

P A L 0 0 9 1 0 


INTEGER I PAL (3) , I NAME (5) , REST (72) , PAT NUM (80) .TITLE (60) ,C0MP (80) , 

PAL0092U 


1 ISYM (8,24) ,IBUF (8,24) , JPEOD (80) 

PAL00930 


LOGICAL LBLANK.LLEFT, LAND, LOR, LSLASH, LEtfUAL , LRIGHT, LXOR , LFIRST , 

PA L 00 94 0 


1 LMATCH , L FUSES (4 0,80) , L PH A S E ( 24) , L BU F ( 2 4 ) , LP RO D ( 80 ) , 

PAL00950 


2 LS AME, L ACT, LOPE RR, LINP,LERR,LSA1J,LSA0I 

PAL00960 


INTEGER BEL 

PAL0097 0 


COMMON LB LANK , LLEFT, LAND, LOR , LSLASH, LEQUAL.LRIGHT.LXOR 

PAL00980 


COMMON /PGE/ IPAGE (80,200) 

PAL00990 


COMMON /LFUSES/LFUSE5 

PAL0 1 00 0 


COMMON /FTE5T/ I FUNCT , I DESC , I END 

PALO 1010 


COMMON /LUNIT/ PMS,POF,PDF 

PALO 1020 


DATA E/'E'/,0/'0'/,I/'I , /,P/'P'/,B/'t)V,i)/'D , / l a/'H'/,S/'S , / l 

PALO 1 03 0 


1 l/*L*/,N/‘N '/.C/'C'/.fi/' «'/,«/'« V.F/'F'/, Y/' Y '/ 

PAL 0 1 04 0 


DATA b 8/ * B * / , C C/ ' C * / , DD/'D* /, EE/ • E » /» FF/ ' F •/» H/ ' I ' / » NN/» N 1 /# 

PAL01050 


1 OU/'O'/.PP/' P'/« fiR/'fi'/. S S/ , S , /,TT/ , T , /,UU/ , U , /,JJ/ , J'/ 

PALO 1060 


DATA 8EL/Z0700000G/ 

PAL01070 

c 


PALO 1080 

c 


PALO 1090 

c 

ASSIGNMENT OF DATA SET REFERENCES 

PALO l 100 


24-80 





FILE: PAL24 FORTRAN A N SC TIME SHARING SERVICES V!1/SP RELEASE 2.0 


C RPD - PAL DESIGN SPECIFICATION (INPUT) 

C ROC - OPERATION CODE (INPUT) 

C POP - ECHO, PINOUT, TEST, AND PLOT (OUTPUT) 

C PDF - HEX AND BINARY FORMAT PROGRAM TAP ES (OUTPUT) 

C PMG - PROMPTS AND ERROR MESSAGES (OUTPUT) 

WRITE (6, 3) 

3 FORMAT (/ , ' PALASM VERSION 1.5 • ) 

WRITE (fa, 1) 

1 FORMAT (/,' WHAT IS THE LOGICAL UhlI NUMBER FOR OUTPUT (fa)?: 
READ (5, 2) LUN 

2 FORMAT (14) 

R ?D= 1 

HOC = 5 
PUF = 6 
P D F = b 
Pfi S 3 10 


IFUNCT=0 
• I D ESC = U 

C INITIALIZE LSAME AND LACT TO FALSE (ACTIVE HIGH/LOW ERROR) 

L5AME-, FALSE, 

LACT 3 , FALSE. 

C INITIALIZE LOPERR TJ FALSE (OUTPUT PIN ERROR) 

LOP ERR 3 . FALSE. 


C ' 


C 


C 


C 


READ IN FIRST 4 LINES OF PAL DESIGN S P EC I FI C AT 10 N 
READ (RPD, 10) lPAL f INAME,«ESr, PATNUM, TITLE, COMP 
10 FORMAT ( 3 A 1 , 5 A 1 , 7 2 A I ,/, 8 0 A I,/, BOA 1 , / , 3 0 A I) 

READ II. PIN LIST (LIRE 5) THROUGH THE END OF THE PAL DESIGN 
SPECIFICATION 
DO 15 J= I , 2 0 0 

RE AD (RPD, 11 , END 3 1 o ) (IP AG E (I , J) , I 3 1 , BO) 

1 I FORMAT (bOA 1) 

C tl EC A FOR • FUNCTION TABLE • AND SAVE ITS LINE NUMBER 
I F ( IFUNCT.E2.0 . AND. IPAGE ( 1 , J) . EQ. FF. AND . 

1 If AG E (2, J) . ZQ.UU , AND, IPAGE ( 3, J) .EO.NN.AND. 

2 :?AGE(4,J),E2.CC.ANJ.IPAGE(5,J),E3.rr.AND. 

3 r?AGE(b,J).E2.II.ANO.IPAGE(7 f J).EO.OO.AND. 

U IPAGE(3,J) . Ev. N N . AND . IPAGE ( 10, J) .E0.TT.AND, 

5 1PAG E ( l 2, J) . EQ . BE . AN J . I PAGE ( 14, J) ,£Q. EE ) IFUNCT = J 

CHECK FOR 'DESCRIPTION' AND SAVE ITS LINE NUMBER 
I F ( IDESC.EQ.O .AND. IPAGE ( 1 , J) . EQ. DD. AND. 

1 IPAGE ( 2 , J ) . E0.EE.AND, IPAGE ( 3 , J ) . EQ.SS. AND. 

2 1PAGE(4,J) . EO.CC. AND. IPAGE (5, J) .EQ.RR.ANO. 

J IPAGE (b,J) . EQ. II. AND. IPAGE(7,J) .2Q.PP. AND. 

4 IPAGE (6, J) ,£Q,TT,AND,IPAGE(9,J) , EO.II.AND, 

5 I ? AG E ( 10 , J) . E * . 00 . A ND . IPAG E ( 1 1 , J ) . EQ . NN ) IDESC=J 
1b CONTINUE 


C SAVE THE LAST LINt NUMBER OF THE PAL DESIGN SPECIFICATION 

16 TEN D = J- 1 

CALL INI TLZ (IN AME ,117 PE, L FUSES, IC , I L, 13 LOW, IPCTR) 

C PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE 

IF (ITYPE, NE. U) GO TO 17 
WRITE (PMS , lb) IPAL.INAME 

IB F OR M AT, (/ , ' PAL PART TYPE ' , 3 A 1 , 5 A 1 , ' IS INCORRECT') 

STOP 

C GET 24 PIN NAMES 


) 


PAL01 1 10 
PALO 1 120 
PALO 1 130 
PALO I 140 
PALO 1150 
PALO 1 160 
PALU 1170 
PALO 1 180 
PALO 1 130 
PALO 1 200 
PALO 1 2 I 0 
PALO 1 220 
PALO 1 2 30 
PALO 1 240 
PALO I 250 
PALO I 260 
PALO 1 270 
PALO I 280 
PALO 1 290 
PALO I 300 
PALO 1 310 
PALO 1 320 
PALO 1 330 
PALO 1 34 0 
PALO 135 0 
PALO 1 36C 
PALO 1370 
? A L 0 1 3 8 0 
PALO I 390 
PALO 1400 
PAL 01410 
PALO 1420 
PALO 1430 
PALO 1 440 
PALOUbO 
PALO 1460 
PALO 1470 
PALO 1480 
PALO 1490 
PALO I 500 
PALO 1510 
PALO 1520 
PAL01530 
PALO 1540 
PALO t 55.0 
PAL01560 
PALO 1570 
PAL01 580 
PALO 1590 
p A L 0 I 60 0 
PAL016 10 
PALO lfa20 
PALO 1630 
PALO 1o40 
PALO 1 650 


24 
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17 

DO 

20 J* 1 , 24 

PALO I6b0 


20 


CALL GETSYM (LPHASE, ISYM, J,IC,IL) 

PALO 1670 




IF (. NOT. (LEQUAL.OR, LLEFT.OR, LAND. OR . LOR, OR. LRIGHT) ) GO TO 24 

PALO 1680 




WRITE (PHS.23) 

PALO 1690 


23 


FORMAT (/ , • LESS THAN 24 PIN NAMES IN PIN LIST') 

PALO 1700 




STOP 

PALO 1710 


2U 

ILE 

= IL 

PALO 1 720 

c 


BYPASS FUSE PLOT ASSEMBLY IF HAL (H IN LINE 1, COLUMN 1) 

PALO 1730 



IF ( 

IPAL ( *) . Eg .H ) GO TO 108 

PALO 1 74 G 


25 

CALL GETS Y M ( LBU F , IBUF , 1 , IC , I L) 

PALO 1 750 


28 


IF (, NOT, LETHAL) GO TO 25 

PALO 1 7bO 




I LL=LL 

PALO 1 770 




CALL HATCH (IMATCH, IBUF, ISYM) 

PALO 1780 




I F ( IMAICH.Eg.O ) GO TO 100 

PALO 1 790 

c 



CHECK FOR VALID POLARITY (ACTIVE LOW) 

PALO 1800 




LSAME * ( ( LPHASE (IMATCh) ) . AND. ( L3UF(!)).0H. 

PALO 1 8 1 0 



1 

(.NOT. L PH AS E (I MATCH) ) .AND. (. NOT. LBUF ( 1) ) ) 

PALO 1820 




I F ( ITYPE. NS. o. AND. (LSAME) ) LACT=,TRUE. 

PALO 1 8 J 0 

c 



CHECK FOR VALID OUTPUT PIN 

PALO 1840 


29 


IF ( (ITYPE . Eg . 1 .OR.ITYPE. Eg , 7.0R.II YPE, Eg, 3.0R.IT YPE, E0.9.OR. 

PALO 1 850 



1 

ITYPE, Eg . 10) .AND. (IMATCH. LT. 14. OR. IMATCH. GT. 23) ) 

PALO I860 



2 

LOPES R=, TRUE , 

PALO 1870 




I F ( (ITYPE, Eg, 2. OR. I T YPE, Eg, ll.OR.ITYPE.EO.12.OR.ITYPS.EQ. 13 

PALO 1680 



1 

. OR. ITYPE. Eg, 14) .AND. (IMATCH. LT. 1 5 . OR . I M ATC H . GT . 2 2) ) 

PALO 1890 



2 

LOP ER 8= . TRUE . 

PAL01900 




I F ( ITYPE, Eg. 3, AND. (IMATCH. LT. lb. OH, IMATCH. GT, 21) ) 

PALO iy 10 



I 

LOPERR=.T£UE, 

PALO 1920 




I F ( ITYPE. Eg. 4. AND. (IHATCH.LT. 17, OR, IMATCH. GT. 20) ) 

PALO 1930 



1 

L OP ER H* . T RU £ , 

PALO 1940 




I F ( (ITYPE. Eg. 5. OR. ITYPE. Eg. 6) .AND. 

PALO 1950 



1 

(IMATCH. LT. 13. OR. IMATCH. GT. 19) ) LOPER R=. TRUE . 

PALO 1 960 




I F ( (LACT) , OH. (LOPERR) ) GO TO 100 

PALO 1 970 




I BdPilO « (23-1 MATCH) *8 ► 1 

PALO 1980 

c 



START PAL20C1 ON PHODUCT LINE 32 (I33PR0=33) 

PALO 1990 




IF (INAME (3) .Eg.C) I88PRO=3i 

PALO 2 000 




IC = 0 

PALO 20 1 0 


30 


CALL INCH (IC r I L) 

PALO 2020 




It( . NOT. (LEgUAL.OR.LLEFT) ) GO TO 30 

PAL02030 




4.PROD (I88PRO) =.TRUE. 

P A LO 2 04 0 




IF (. NOT. LLEFT) CALL SL I P ( LFU S ES , I 8 8P RO , IT YP £ , I B LO W) 

PALO 2 050 




DO 70 18 PR 0=1, 1b 

PAL02060 




I F ( (LXOH) .AND. I8PRO, NE. 3 ) GO TO 70 

PAL02070 




IPROD = IB8PRO ► ISP RO - 1 

PALO 2080 




LPROD (IPROD) * , T RU E , 

PAL02090 




LFIRST= .TRUE. 

PALO 2 100 


50 


I LL=I L 

PAL02 1 10 




CALL GET3YM (LBUF.IBUF, 1 ,IC,IL) 

PALO 2 120 




CALL MATCH (IMATCH, IBUF, ISYM) 

PALO 2 1 J G 

c 



CHECK FOR INVALID INPUT P TN 

PAL02 140 




I F ( ITYPE. Eg. 1, AND, (IMATCH. GE. 14, AND. IMATCH, LE. 23) ) 

PAL02 150 



1 

LINP=,TRUE. 

PALO 2 160 




I F ( ITYPE. Eg. 2. AND. (IMATCH. GE. 15. AND. IMATCH. LE. 22) ) 

PALO 2170 



1 

LI NP= . TRU E . 

PAL02 180 




I F ( ITYPE. Eg. 3. AND. (IMATCH. GE, 16. AND. IMATCH. LE. 2 1) ) 

PAL02 190 



1 

LINP=,TRUE. 

PA102200 
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.0 



I F { ITYPE. EQ.4.ASD. (IMATCH.GE. 17. AN D . IMATCH . L E . 20) ) 

PAL02 210 



1 LINP=,TRUS, 

PALO 2 220 



I F ( ITYPE.EQ.5.AND. (IKATCH.Ev'. 16.0R, IMATCH.EQ. 19) ) 

PAL0 22 30 



1 LIN P=. TRUE. 

PALO 2 24 U 



I F ( ITYPE. EQ. 6 . AND. (I HATCH . Eq . 1 8 , OR . I M ATC H . Eg. 19) ) 

PALO 2 250 



1 LI N P=. TRU l . 

PAL02 2b0 



I F ( ITYPE, EQ. 7. AND. (IMATCH.EQ. 14. OR. IMATCH , EQ . 2 3) ) 

PALO 2270 



1 LISP 3 . TRUE. 

PAL02 260 



I F ( ITYPE. EQ . B. . AND . (IMATCH. EQ . 1 .OR. IflA TCH. EQ . 1 3) ) 

PAL02290 



1 LI NP=.TRUS, 

P A LO 2 30 0 



I F ( ITYPE, £Q. 9. .AND. (IMATCH. £*. 1.03. IMATCrf.EQ. li) ) 

PAL02 3 10 



1 LIN P=, TRUE, 

PALO 2 32 0 



I F ( IT YPE. E w . 10. . AND. (IMaTCK. £Q. 1 .OR . IHATCH . EQ. 13) ) 

PAL02 330 



1 LISP 3 . TRUE. 

PAL02340 



I F ( ITYPE. EQ. 1 1.AND. (IMATCH, EQ. 1 5 . OR . IM ATC H . E Q , 2 2) ) 

PAL023SG 



1 L I N P= , T 8 U E , 

PAL02 360 



I F ( IT YPE. G E. 12. AND . (IMATCH, EQ . 1 .OR. IMATCH, EQ . 1 3) ) 

PAL02370 



1 L1NP=,TRUE. 

PAL02380 



I L L= I L 

P AL02 390 



IF (LISP) GO TO 100 

PAL0240 U 



IF(I.IATCH.EQ.O) GO TO 100 

PAL024 10 



IF (IMATCH. EQ. 12) GO TO 64 

PALO 242 0 



IF (, NOT. L FIE ST) GO TO bo 

PALO 24 3 0 



LFIR3T=, FALSE. 

PALO 2440 



DO 5b 1= 1 , 40 

PAL02450 



I 8 L G n = I SLO* *■ 1 

PAL02460 


5 6 

LFUSES (I,'l? ROD) =. TRUE. 

PAL024 70 


58 

CALL I X L« T E ( 1 1 N PU T , LP H A S E , IM ATC H , LbU F , IT Y ? E) 

PALO 2480 



IF (Ii.NPUi.Lt.0) GO 10 60 

PAL0249G 



I6LO*. = IDLOW - t 

PALO 2500 



LFUSES (IINPUT , iPROD) =. FALSE. 

PAL0251 0 



CALL PLOT (LSUF.IBUF, LFUSES, IPROD, TITLE, .FALSE. , ITYPE, 

PALO 2520 



1 LrROL.IOP , I BLOW) 

PAL0253 0 


80 

IF (LAND) GO TO 50 

PALO 254 0 


6 4 

IF (. NOT .LRIGHT) GO TO 08 

P AL02550 


66 

CALL INCH (IC, II) 

? AL0256C 



IF (. NOT .(.EQUAL) GO TO 66 

PAL02570 


6 8 

I F ( .NOT. (LOK.OR .LEQUAL) ) GO TO 74 

PALO 2 580 


70 

CONTINUE 

P A L 0 2 590 


74 

I LL=IL 

PAL026C0 



CALL GETSYM (LBUF, I8UF, 1, IC.IL) ' 

PAL026 10 



IF ILLEFI. OR , LEQUAL) GO TO 26 

PALO 2620 


100 

I F ( I LL. EQ . I FUNCT . OR. I LL. Eq . I DESC. OR . ILL. EQ . I END ) GO TO 102 

PAL02630 

c 


PRINT AN ERROR MESSAGE FOR AN U N R EC Ou N I 0 A BLE SYMBOL 

PAL0264Q 



I L ERR = 1 L L *■ 4 

PALO 2650 



WRITE (PrtS , 99) BEL 

PAL02660 


99 

FORMAT (• * , A 1) 

PAL02670 



WRITE ( P M S , 101) (IBUF (I, 1) ,1=1,8) , 1 L E RR , (IPAGE(I,ILL) ,1=1,80) 

PALO 2680 


10 1 

FORMAT (/, • ERROR SYMBOL = • ,6Al,« IN LINE NUMBER • , I J , 

PAL02690 



1 /,' 1 , 8 0 A 1 ) 

PAL02700 

c 


PRINT AN ERROR MESSAGE FC'fi ACTIVE HIGH/LOW ERRORS 

PAL02710 



I F ( (LACT) .AND. ( . NOT. LOPERR) ) W h IT E ( P rt 5 , 1 0 J) IPAL.INAME 

PAL02720 


10 3 

FORMAT ( • OUTPUT MUST BE INVERTED SINCE ',3AI,5A1, 

PAL02730 



1 ' IS AN ACTIVE LOW DEVICE 1 ) 

PALO 2 74 0 

c 


PRINT AN ERROR MESSAGE FOR AN INVALID OUTPUT PIN 

PALO 2750 
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I F ( (LOPERR) .AND.IMATCH.NE.O ) WRITE (PMS , 105) I MATCH, IPAL,INAME 

105 FORMAT ( 1 THIS PIN, NUMBER • , 1 2 , » iS A * INVALID OUTPUT PIN', 

1 • FOR » , 3A 1, 5A 1) 

C PRINT AN ERROR MESSAGE FOR AN INVALID INPUT PIN 

IF(LINP) WRITE (PMS, 115) I M A TC H , IP A L , I N Art E 
115 FORMAT ( * THIS VIN NUMBER ',12,' IS AN INVALID INPUT PIN', 

I * FOR * , 3 A 1, 5 A 1) 

STOP 

102 CALL TWEEK (ITYPE, LFUSES) 

103 WRITE (6,106) 

106 FORM AT (/, ' OPERATION CODES:') 

WRITE (6 , 107) 

107 FORMAT (/, ' E= E C HO INPUT 0 = PIN0UT T = SIMULA TE P=PLOT B = 3R I EF • , 

1 /,' C=C AT ALOG H = HEX S = SHORT L = BhLF N = BNPF ', 

2 /,' g=0UIT F=FAULT TESTING J=JEDEC FORMAT') 

WRITE (o, 1 10) 

110 FORMAT (/ , ' ENTER OPERATION CODE: ') 

READ (ROC, 120) 10 P 

120 FORMAT IA 1) 

C CALL 1 0 0 C 2 

IF (POF.NE.6) WRITE (POt, 125) 

125 FORMAT (' 1') 

IF (IOP, Ei), E) CALL EC H O ( IP A L , I N A ME , R E S T , P ATN UK , T ITLE , C OMP) 

IF (IOP. E^.O) CALL PINOUT (IPAL,INAME, TITLE) 

IF(IOP.Ew.T) CALL TEST(LPHASE, LBU F , TITLE, IC,IL, tLE,ISYfl,I3UF, 

1 ITYPE, IPC TR,LERK,ISAF, I PC TK1,. FALSE. , .FALSE.) 

IF (IOP.EQ. JJ) CALL PLOT F 
C 

IS A F= 0 

IF (IOP.Ei), F) GO TO 200 
C 

135 IF(iOP.EQ.P) CALL P LOT ( LEU F , I 8U F, L FU SES , IPROD , TIT L R , . T A'JE . , ITY P E 
1 LPROD, IOP.lBLOW, IPCTRG) 

IF (IOP.EQ.B) CALL PLOT ( LEU F , I BU F , L F USES , I PH OD , T IT LE , . TR U E . , I T V P E 
1 LPKOD, IOP, IBLOW, IPCTRC) 

IF (IOP.EQ, H) CALL ri EX ( L FUS ES , H) 

IF(IOP.Ey.S) CALL H EX ( L FU SE 5 , S) 

IF (IOP. Ey , L) CALL B'l N H ( L FUS ES , H , L) 

IF(IOP.EQ.N) CALL BINR (LFUSES , P, N) 

IF(IOP.EQ.C) CALL CAT 
C CALL IQDC4 

IF(IOP.NE,g ) GO TO 103 
STOP 
C 

C SETTING THE PARAMETERS FOR THE SAO/SAl TESTS 
200 IPCTR=0 

CALL TEST (LPH ASE , LBU F, TITLE, IC,IL,ILE,ISYH,I3UF, ITY PE, IPCTR, 

1 LERR , ISAF, IPCTR 1, . FALSE. ,, FALSE.) 

x IPCT«0=IPCTR 
C LOOPING FOR SAl TEST 

DO 210 IPCTR 1* 1,1 PCTRO 
LSA11=.TRUE. 

CALL TEST (LPH ASE, LBU F, TITLE, IC,1L,ILE,ISYM,IBUF,ITYPE,IPCTR, 
l LEHR , ISAF, IPCTR 1, LSA 1 I , . FALSE.) 

210 CONTINUE 


PAL02760 
PAL02 770 
PAL02780 
PALO 2790 
PAL02800 
PAL028 1 0 
PALO 2820 
PAL02830 
PALO 2 84 0 
PALO 2850 
PALO 2 660 
PALO 2 87 0 
PAL02860 
PAL02890 
PAL02900 
PAL0291U 
PAL02920 
PAL02930 
PALO 294 0 
PALO 2950 
PAL0296G 
PAL02970 
PALO290O 
PALO 2990 
PALO 3000 
PAL03010 
PALO 3020 
PAL03030 
PALO ) 04 C 
PAL03050 
PA LO 3 060 
, P A LO 3 070 
PALO 1080 
, PAL03090 
? ALO 3 100 
PAL03 110 
v PALO 3 120 
PAL0313O 
PAL03 140 
PAL03 150 
PAL03 1t» 0 
PAL03 170 
PALO 3 180 
PAL03 190 
PAL03 200 
PAL03210 
PALO 3 220 
PAL03230 
PAL03240 
PAL03250 
PAL03260 
P ALO 3 27 0 
PAL03280 
PAL03290 
PALO 3300 
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ISA 1 = I S A F 

PALO 3310 

c 

LOOPING FOR S A 0 TEST 

PAL03320 



DO 215 IPCTR 1= 1 , IPCTRO 

PAL03330 



LSAOI-.TRUE. 

PALO 3 34 0 



CALL TEST (L PHASE, L3UF .TITILE, IC,IL, ILE, ISXti.IBUF, 1C* PE, IPCTR , 

PAL03350 



LERR ,ISAF, IPCTR 1, . FALSE. , L S A 0 1) 

PALO 3360 


2 15 

CONTINUE 

P AL03370 



ISAO=ISAF-ISA 1 

PALO 3 380 



IFAULT=(ISAF>0‘1OO)/( 2 * IPCTRO) 

PAL03390 



WRITE (POF , 220) ISAl 

? AL03400 


220 

FORMAT (/,' NUMBER OF STUCK AT ONE (SAI) FAULTS ARE = •, I J) 

PALO 34 10 



WRITE (POF, 225) IS AO 

PALO 3420 


225 

FORMAT (/ , ’ NUMBER OF STUCK AT EERO (SAO) FAULTS ARE =* • , 13) 

PALO 3430 



WRITE (POF, 2 30) IFAULT 

PALO 344 0 


2 30 

FORMAT (/, 1 PRODUCT I EHM COVERAGE = ' 13, • S, • 

,//) PAL03450 



GO TO 13} 

PALO 3460 

c 



PALO 3470 



END 

PALO 3480 

c 



PALO 3490 


C 



PAL035 10 

C 



PAL03520 

C 

THIS SUBROUTINE GENERATES JECEC FORMATTED OUTPUT FOR INTERFACING 

PAL03530 

C 

WITH DATA I/O PROGRAMMER 

PAL03540 



SUBROUTINE P LOT F 

PA LO 3 55 0 



IMPLICIT INTEGER (A-Z) 

PAL0356G 



LOGICAL LFUSES (40,80) 

PALO 35 70 



INTEGER IPBUF (40) , ZERO, ONE 

PAL0358G 



INTEGER ISUM (4) , I ADR , ST X , ETX , IOEC (4) , IPT , IIN P , J 1 , J 2 

PAL03590 



I NT EG E3 ID EC 10 (4) ,ISUMV (4) , ISUHIO (4) , BUFIO (40) 

PAL03600 



COMMON /LU NIT/PMS ,POF , PDF 

PAL03610 



COMMON /IPT/IPT 

PALO J 620 



COMMON /LFUSES/LFUSSS 

PAL03630 



COMMON /SUM/ ISUM, ID EC, IPBUF, BUFIO 

PAL03640 



DATA ZERO/' 0 '/.ONE/' 1 •/ 

PAL03650 



I AD R= 0 

PAL0366G 



ST X = 2 

PALO 3 67 G 



ETX = 3 

PAL03680 



ISUM (2) =0 

PA LO 3 69 0 



ISUM (4) =230 

PA LO 3700 



WRITE (PDF, 10) ST X 

PALO 3 7 1 0 


10 

FORMAT (' • ,A 1, •*F0<“) 

PALQJ720 



DO 300 IPT*1,aO 

P A LO 3 7 30 



DO 50 II N P= 1,40 

PA LO 3 74 0 



IF (LFUSES (IIN P, IPT) ) IPBUF (II NP) *ON£ 

PALO 3750 



I F ( , NOT . (LFUSES (IINP, IPT) ) ) I P BU F (I I N P) = Z ERO 

PAL03 760 


50 

CONTINUE 

PAL03770 



IF (LFUSES (1 , IPX) ) GO TO 100 

PAL0378G 



IF (.NOT. LFUSES (2, IPT) ) GO TO 250 

PAL03790 


igo 

IDEC (4) 3 I A DR 

PAL03800 



DO 150 J= 1 , 3 

PALG3810 



J 1 = 5- J 

PAL03820 



J2=4-J 

p AL03330 



IDEC(J2) =1 DEC (J 1 ) / 1 0 

PAL03840 



IDEC (J 1) = IDEC (J 1) - 10* I DEC (J2) 

PALO 3850 


24 
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IDECIO (J 1) =ICON V (ID2C (J 1) ) 

ISO CONTINUE 

IDECIO ( I) = ICONV (I DEC ( I) ) 

CALL SUMCHK 

WRITE (PDF, 20 1) IDECIO, IPBUF 
20 1 FORMAT ( ' L * , 4 A 1 , ' ',10(4*1,' '),'*') 

250 IADR=IADR«-40 
300 CONTINUE 

ISUMIO ( 1) =ICON V (ISUM (2) / 1t>) 

ISUM (2) = MOD ( I SUM (2) , lb) 

ISUMIO (2) =ICONV (ISUM. (2) ) 

ISUMIO (3) = ICON V (I SUM (4) / 1b) 

I SUM (4) = MOD (I SUM (4) , 16) 

ISUMIO (4) =1C0N V (ISUM (4) ) 

WRITE (PDF , 400) ETX, ISUMIO 
400 FORMAT (• * ' , A 1 ,4 A 1 , • *' ,/) 

RETURN 

END 

C 

C 

c 

SUBROUTINE SUHCHK 
IMPLICIT INTEGER (A- 2) 

LOGICAL LFU5ES (40 ,80) ' , 

INTEGER IPBUF (40) , 6UFIO(4U) 

INTEGER ISUM (4) , IDEC(4) 

COMMON /IPT/IPT 
COMMON /LFUSES/ LFUSES 
COMMON /SUM/ ISUM, I DEC , I PflU F , 3U FIO 
DO SO J= I , 40 

IF (LFUSES (J , IPT) ) UUFIO (J) =49 
IF (. NOT .LFUSES (J , IPT) ) BUFIO (J) =46 
ISUM (4) =ISUM (4) *8UFIO(J) 

IF (ISUM (4) ,GE. 2S6) ISUM (2) =I3U« (2) f I 
ISUM (4) = M 0 D (ISUM (4) ,2Sb) 

50 CONTINUE 

DO 100 J= 1 , 4 

ISUM (4) = iSUK (4) HOZC (J) *- 4 d 

IF (ISUM (4) ,GE,25o) ISUM(2)=I3UM(2) ► 1 

ISUM (4) = KOD (ISUM (4) , 2 So) 

100 CONTINUE 

ISUM (4) = I J U fl (4) H7 3 
ISUM (2) =I3UM (2) H 

IF (ISUM (4) , G E, 256) ISUM(2)=I3UM(2) H 

ISUM (4) = M 0 D (ISUM (4) , 256) 

RETURN 

END 

c 

INTEGER FUNCTION ICONV (K) 

IMPLICIT INTEGER (A-Z) 

DATA A/ 'O'/, B/ ' 1 ' / , C/ ' 2 ' / , 0/ ' 3 ' / , E/ , 4 , /,F/ , 5'/, G/ ' 6 * / , H / ' 7 • / 
DATA I/' b »/, J/' 9 '/, X/' A '/, L/' a 1 /. M/'C'/, N/» 0'/. 0/' E »/,P/' F '/ 
IF(K.Eg.O) I CO N V = A 
IF (K. EQ, 1) ICONV = B 


PAL0366U 
PALO 3870 
PAL0388G 
PAL0389U 
P AL03900 
PAL03910 
PALO 3920 
PAL03930 
PALO 3940 
PALO 3 95 0 
PAL039b0 
PAL03970 
PAL03980 
PALO 3990 
PAL04000 
P A LO 4 0 1 0 
PAL04020 
PAL04030 
PAL04040 
PALO 4 050 
PAL04060 
PAL04070 
PAL04080 
PAL04 090 
PAL04 100 
P A L 0 4 1 10 
PAL04 120 
PAL04 130 
PAL04 140 
PAL04 150 
PAL04 160 
PAL04 170 
PAL04 180 
PAL04 190 
PAL04200 
PAL04 2 1 0 
PAL04220 
PAL04230 
P A L 0 4 24 0 
PAL04250 
PAL04260 
PAL04 270 
PAL0428D 
PAL04290 
PAL04300 
PALO 4 3 1 0 
PAL04 320 
PAL04 330 
PAL04340 
PAL04350 
PAL04360 
PAL04370 
PALD438Q 
PAL0439 0 
PAL04400 
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I T (K , E v . 2) I CO N V 3 C 
IF(K.E3.3) I CO N V - L 
IF(X.EQ,4) iconv = l 
IF(K.EQ.S) I CO N V 3 F 
IF(K.E^.b) ICONV = G 
IF(K.E0,7) I C 0 N V 3 H 
IF (X. EG. 8) ICON V 3 1 
IF(K.EQ.9) ICON V= J 
IF (K. EC. 10) I C 0 N V = X 
IF (K.EQ. H) ICONV 3 L 
IF (K. EQ. 1 2) I C 0 N V = M 
IF (K. EG. 13) ICONV 3 N 
IF (K.EG. 14) I CO N V 3 0 
IF (K.EG. 15) I C 0 N V 3 P 
R £ r U a N 
END 

C 

c 

SUBROUTINE INITLZ(INAME,ITYPE,LFUSES,IC , I L , I bLO <i , I PCI H) 

C THIS SUBROUTINE INITIALIZES VARIABLES AND HATCHES PAL PART 

C NUMBER WITH ITYPE 

IMPLICIT INTEGER (A-Z) 

INTEGER INAME(b) , i N FO (6, 14) 

LOGICAL LBLANK, LLEFT, LAND, LOR , LS L AS H , LE 0 U A L , LR I GH T , L FU S ES (40,80) , 
I LM ATCH , LXOR 

COMMON LBLANK , LLEFT, LAND , LOR , LS L AS H , LEQU A L , LR IGHT , LXOR 
COMMON /PGL/ IPAGE (80, 200) 

DATA INFO/ 


PAL044 10 
PAL0442C 
PAL04430 
PAL0444 0 
PAL04450 
PAL04460 
PAL0447 0 
PAL04480 
P AL04490 
PAL0450C 
PAL045 10 
PAL04520 
PAL0453O 
PAL04540 
PAL04S50 
PAL04560 
PAL04570 
PAL04580 
PAL04S90 
PAL04600 
PAL04610 
PAL04020 
PAL04630 
PAL04640 
PAL04850 
PAL04660 
PA LOU b7 0 
PAL04680 
PAL04690 


1 

■ 1 » , 

• 2 • , * L* 

, ' 1* , 

•Q 1 

. 1. 

PAL04700 

2 

• 1 ' , 

•4' , * L 1 

, '8* , 

1 1 

» ^.1 

PAL04 710 

J 

• 1 • , 

• 6 • , * L* 

, • 0 • , 

1 I 

.3, 

PALO 4 72 0 

4 

' 1 • , 

' 8' , * L* 

, '4 • , 

» 1 

.4, 

PAL04730 

5 

•2* , 

'O' , • L» 

, '2' , 

( 1 

.5, 

PAL04740 

6 

’ 2' , 

• G* , *C* 

, * 1 ' , 

1 1 


PAL04750 

7 

•2', 

* 0 ’ , ' L • 

, ' 1 ' , 

■0» 

,7, 

P AL04 760 

8 

• 2' , 

•O' , 1 X* 

, ' 1 • , 

•O' 

,8, 

PAL04 770 

9 

• 2' , 

'O' , ' X' 

, *8' , 

I t 

,8, 

PAL04760 

A 

' 2 ' , 

•O' , »x» 

, *4 ' , 

t 1 

, 10, 

PAL04 790 

B 

• 2 ' , 

• O' , • L* 

, '8* , 

1 1 

,11. 

PAL04800 

C 

* 2' , 

' O' , • S' 

, '3* , 

1 I 

,12, 

PAL0481 0 

D 

•2' , 

•O', »R' 

, •& • , 

1 • 

,U, 

PAL04820 

E 

' 2' , 

•O' , 

, '4 ' , 

1 1 

, 14/ 

PAL04830 

INITIALIZE LFU3ES ARRAY 

(FUSE ARRAY) 

PAL04840 

DO 

20 J 3 1 

, 60 




PAL04850 


DO 20 

1 3 1 , 4 0 




PAL0486O 


L FU S ES (I , J) =, FALSE. 

INITIALIZE I B LOW (NUMBER OF FUSES BLOWN) 

IBLOW*G 

IPCTR=0 

INITIALIZE 1C AND IL (COLUMN AND LINE POINTERS) 
IC = 0 
IL 3 1 

INITIALIZE ITIPE (PAL PART TYPE) 

IT I PE=0 


P A LOU 870 
PAL04880 
PAL04390 
PAL04900 
PAL04910 
PAL04920 
PAL04930 
PAL04940 
PAL04950 
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FILE: 

PAL24 

FORTRAN A aSC 

iime 

SHARING SERVICES 

VM/SP RELEASE 2, 

, 0 

c 

I T YPE IS 

ASSIGNED THE FOLLOWING 

VALUES FOR 

THES 

E PAL TYPES: 


P A L 04 9b 0 

c 

P A L 1 2 L 1 0 

= 1 PALI4L3 = 

2 

PAL 1b LG = 

i 

PAL13L4 = 

4 

PAL04970 

c 

PAL20L2 

= 5 PAL2GC1 = 

L 

PAL20LI0 = 

7 

PAL20XI0 = 

3 

PAL0498U 

c 

PAL 2D X3 

= 9 PAL20X4 = 

10 

PAL20L3 = 

1 1 

PAL2CR8 = 

12 

PAL049S0 

c 

P A L 2 0 S b 

= 13 PAL20R4 = 

14 





PALOS 000 


DO 40 J= 

1, 14 






PAL05013 


LMAICi 

1 = , T R U E , 






PA LOS 020 


DO JO 

1=1,4 






PAL0S030 


30 


IF (I NAME (I) . NE, INFO (i , J)) 
IF ( L M A f C H ) IT Y I E=I N FO (b, J) 

IF (LflATCH) GO TO 50 
40 CONTINUE 

IF ( IT Y P E , E * , 0 ) RZ1URN 
SO CALL INCR(IC.IL) 

RETURN 

END 


L M A T C ri = .FALSE. 


PAL0S04G 
PAL0505G 
PAL0S060 
PAL05070 
PAL050BC 
PAL05090 
PAL 05 100 
PALOS 110 

C PALOS 120 

c PALOS 14 0 

SUBROUTINE G ETS Y M ( L PH A Si. , 1 S Y H , J , I C , I L) PALOS ISO 

C THIS SUBROUTINE GETS Tilt PIN NAME, / IF COMPLEMENT LOGIC, AND PALOSIbJ 

C THE FOLLOWING OPERATION SYMBOL IF ANY PALOS 170 

IMPLICIT INTEGER ( A- Z ) PAL051BU 

INTEGER ISYM(S,24) PAL05190 

LOGICAL LB LANK, LLEFI, LAND, LOR , L S L AS il , L E *' U A L , LRIGHI, LX OR, LPHASE (24) PALO 5 20 Cl 
COMMON L3 l ANK , LLEFI, LAND, LOR , LSLASH, LS* UAL, lh IGHT, LXOR PALOS 2 1C 

COMMON /PGE/ IPAGE (30, 2 0U) PAL0522u 


DATA I BLANK/' •/ 

I F ( .NOI. (LLEFI.O&.LAND.OR.LOk.OR.LEQUmL.OR.LSIGHT) ) GO TO 10 
CALLING R ( I C , I L ) 

10 LPH ASE (J) = (. NO I .LSL AS;i) 

IF (LPHASE (0) ) GO TO IS 
CALL I NCR (IC.IL) 

IS DO 20 1=1,8 
20 ISYM (I, J) =IBLANK 

25 DO 30 1= 1 , 7 

30 ISYM (I , J) =ISYM (I ► I, J) 

IS'YM (d,J) alPAGE (IC.IL) 

CALL INCR(IC.IL) 

IF ( LL EFT. OR, LOLA NN. OR. LAND, OR, LOR, OR, LRIGHI, OR, LEyUAL ) RETURN 

GO TO 25 

END 


PAL05230 
PAL05240 
PAL0S250 
PAL0526G 
PAL0S270 
PAL05280 
PAL05290 
PAL05300 
PAL0S31G 
PAL05320 
PA LOS 33 0 
PALOS 340 
PAL0535C 
PALOS 360 
PAIQ5370 
PAL05380 




C 

SUBROUTINE l'NCR(IC,IL) 

C THIS SUBROUTINE INCREMENTS COLUMN AND LINE POINTEHS 

C BLANKS AND CHARACTERS AFTER ';' ARE IGNORED 

IMPLICIT INTEGER ( A-Z) 

LOGICAL L3L A NK , Li EFT, LAND, LOR , LSL ASH, LEyUAL.L RIGHT, LXOR , LXOR 1 
COMMON LBLANK.LLEFT, LAND, LOR, LSLASH.LE'j UAL, LRIGHT, LXOR 
COMMON / PG E/ IPAGE (BO, 200) 

COMMON /LUNIT/ PMS,POF,PDF 

DATA I BLANK/' '/, ILE FT/' ( ' / , I A N D/ « * • /, LOR/* ► • / , COM ENT/ • ; » / , 

1 IS L A SH/ ' / ' / , I E SO A L/ ' = 1 / , I RI GHT/ ' ) '/.ICOLON/' :'/ 


P A L 05 400 
PAL054 10 
PAL0S420 
PAL0S4J0 
PAL05440 
PAL054S0 
PAL05460 
PAL0S470 
PAL0S480 
PAL0S490 
PAL05500 
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FILE: 

P A L 2 4 FORTRAN A NSC TIME SHARING SERVICES 

VM/SP RELEASE 

2.0 


LJLANK=. FALSE. 



PAL05S10 


LX OR*, FALSE, 



PAL0SS20 


lxor i = , False, 



PALQ553C 

10 

ic=ich 



P AL0S54G 


I F ( IC ,LE. 73 . AND . IPAGE (1C, i.L) . NE.COMENT ) GO 

TO 

30 

PAL05SS0 


IL=IL*-I 



P A LO 556 0 


IF (IL, LE, 200) GO T.O 2 0 



PAL0SS70 


-RITE ( P M S , IS) 



P AL05580 

IS 

FORMAT (/,' SOURCE FILE EXCEELS 200 LINES 

OR 

MISSING' , 

PAL05590 


' DESCRIPTION OR FUNCTION TABLE 

K £7 

WORD') 

PALO 5 600 


S TO? 



PAL056 1 0 

20 

IC = 0 



PAL0S62C 


GO TO 1 0 



PAL05630 

30 

IF (IPAGE (LC, IL) , KE.I3LANK) GO TO 31 



P AL 0564 0 


L3LANK=. TRUE. 



PAL05650 


GO TO 10 



P A L 05 66 0 

3 1 

IF (IP AGE (IC, IL) , NE. ICOLON) GO TO 32 



PALO 5 670 


IF (LXOn) GO TO 3 3 



PAL0S680 


LX0R1=,TrU£, 



PAL05690 


GO TO 10 



P A LOS 700 

33 

LOS=,TRUE, 



PAL057 10 


R E I U H h 



PAL05720 

3 2 

I F ( . NOT. (IPAGE (IC, IL) . Eg . I OR . AND. (LXOR 1) ) ) 

GO 

TO 34 

PAL0573Q 


L X 0 R= . IHU E . 



PALOS 74 0 


GO TO 10 



P AL057S0 

34 

LLEFT = (IPAGE (IC, IL) . EQ.ILEFT) 



PAL05760 


LA N J = (IPAGE (IC f IL) .Ev.lAND) PAL05770 

LUn = ( 1 P AG E ( IC , I L) , £ \) , 10 R) PAL0S78G 

L S L A S ii = (IPAGE(IC,IL) ,t*,ISLASM) PALOS 790 

LE * U A L= (1PAGE(IC,IL) ,£y,I£^JAL) PAL058G0 

LKIGHT= (IPAGE (IC, IL) . EO.IH.iGHT) PAL0561C 

RETURN P AL05820 

END PAL05830 

C FAL05840 

C ? AL0586 0 

S U 3 R 0 U X I N E MATCH (InATCH , 13U f , iSit) PAL05870 

C THIS SUBROUTINE FINDS A MATCH BETWEEN THE PIN NAME IN THE EQU AT 10 M P A L GS 880 

C AND THE PIN NAME IN Tilt PIN LIST OR FUNCTION TABLE PIN LIST PAL0589Q 

IMPLICIT INTEGER (A-4) PAL0S900 

INTEGER IBU F (8, 24 ) , ISYrt (fa , 24 ) PAL0S91G 

LOGICAL LMATCil PAL05920 

IMArCH = 0 PALOS 930 

DO 20 J= I , 24 PAL0S940 

LflATCil= .TRUE. PAL059S0 

DO 10 1=1,8 PAL0596U 

10 LMATCH = LMATCH.ANC, (1BUF (I, 1) .Ev. ISIM (I, J) ) PAL05970 

IF (L MATCH) IMATCH = J PAL05980 

20 CONTINUE PAL05990 

RETURN PAL06000 

END PAL0601 0 

C PAL0G020 

C PAL06040 

SUBROUTINE I X LATE (IINPUT, LPHASE, IMATCH, LBUF, IT X PE) PAL060S0 
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THIS SUBROUTINE FINDS A MATCH BETWEEN INPUT PIN NUMBER AND PAL06060 

THE INPUT LINE NUMBER FOR A SPECIFIC PAL. ADD 1 TO THE INPUT PAL0607U 

LINE NUrtdEfi IF THE PIN IS A COMPLEMENT PAL06C80 

IMPLICIT INTEGER (A-E) PAL06090 

INTEGER ITABLE (24 , 14) PAL0610U 

LOGICAL LPriASE (24) , LBUF (24) PAL06110 

DATA I TABLE/ PAL06120 

1 3, 1,5,9, I), 17,2 1 , 25,29, 33, 37 ,0, 39, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 , 0 , PAL06 130 

2 3, 1,3,9 , 1 3 , 1 7 , 2 1 , 25 , 29 , 33 , 37,0,39 , 3b, 0, 0, 0, 0, 0, 0, 0, 0 , 7 , 0 , PALOG 1 4 0 

3 3,1,5,9,13,17,2 1,25, 29 , 33, 37,0 , 39, 33,3 1, 0, 0, 0, 0, 0, 0 , 11 , 7 , 0 , P A LG 6 15 0 

4 3, 1,5,9, 1 3, 17,2 1,25,29,33,37,0,39, 35,3 1,27, 0 , 0, 0, 0 , 1 3 , 1 1 , 7 , 0 , PA L06 1 60 

5 3 , 1,3,9 , 1 3 , 1 7 , 2 1 , 25,29,3 3 , 3 ?, 0,33 , 33 , 31, 27,23 , 0 , 0 , 1 9 , 1 3 , 1 1 , 7 , 0 , ? AL 06 1 70 

6 3, 1,5,9, 13, 17,21, 2S, 2 9 , 33 , 3 7 , 0,39 , 35,3 1 , 27 , 2 3 , 0 , 0 , 19 , I 5 , 1 1 , 7 , 0 , PAL06 180 

7 3, 1,3,9, 13, 17,21,25,29,33,37,0,39, 0,35,31,27,23, 19 , 15 , 1 1 , 7 , 0 , 0 , PAL 06 1 9 0 

6 0 , 1,5,9 , 1 3, 1 7 , 2 1,25,29 , 3 3 , 3 7,0 , 0 , 39, 33 , 3 1,27 , 2 3 , 19 , 15 , 1 1 , 7 , 3 , 0 , PAL 0 6 200 

9 0, 1,5,9, 1 3, 17 , 2 I , 25,29 , 3 3 , 3 7 ,0 , 0 , 39 , 35,3 1 , 2 7 , 23 , 1 9 , 15 , 1 1 , 7, 3 , 0 , PAL062 I 0 

A 0, 1 , 5,9 , 1 3 , 1 7,2 1,25,29 , 3 3 , 37 ,0 , 0 , 39, 35 , 31,27,23, 19, 15 , 1 1 , 7 , 3 , 0 , PAL06220 

3 3, 1,5,9, 13, 17, 21, 25, E9, 3 3 ,37,0,39 , 35, 0,3 1 , 27,23 , 19 , 15 , 1 1 , 0 , 7 , 0 , P A LO 623 0 

C 0, «, 5 , 9 , 1 3 , 17 , 2 1 , 25 , 29 , 3 3 , 37 ,0 , 0 , 39,35,3 1,2 7,23 , 1 9 , 15 , 1 1 , 7 , 3 , 0 , PAL06240 

D 0, 1,5,9, 13, 17,21,25,29,3 3 ,37,0, 0, 39, 35, 31, 27, 23, 19, Is, II, 7, 3,0, PALO 62 50 

E 0 , 1,5,9 , 1 3, 17 , 2 1,25,29,33 , 37 ,0 , 0 , 35 , 35 , 3 1 , 2 7 , 2 3 , 1 9 , 15 , 1 1 , 7 , 3 , 0/PAL06260 

I3Udl=G PAL06270 

I F ( (( LPHASE (IMAIC.i) ) . AND. (.NOT ,LBUF (1) ) ) .OR, PAL06280 

I ((.NOT. LPHASE (IMA1CK)) .AND. ( LBUF(1))) ) IBUBL=I PAL06290 

II N P U T = I T A 3 L £ (I MATCH, ITYPE) H8U3L PAL06300 

RETURN PAL06310 

END PAL06320 

P A LO 6 3 30 


C PAL06350' 

SUBROUTINE ECHO (IPAL.iNAKE, HE ST, PAT NOW, TITLE, COMP) PALO 6360 

C THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION INPUT FILE ?AL0637u 

IMPLICIT INTEGER ( A - 2 ) PAL06380 

INTEGER I PAL (3) , I NAME (5) , RE ST { 7 2) , P AT N U rt ( 80) , T IT L E (6 0 ) , COMP idG ) PAL06 39 0 
COMMON /PS E/ IPAGE (80, 200) PAL06400 

COMMON /LUNIT/ PilS , PO F, PDF PAL06410 

COMMON /F TEST/ I FU NC T , I D ESC , I EN D PAL0642U 

DATA IBLANK/* ’/ PAL06430 

WRITE ( PO F , 5) IPAL, INAME, REST, FATNUfl, TITLE, COMP PAL06440 

5 FO S fl AT (/ , 1 • ,3A1,5A1, 72AI,/, • ',OOAl,/,* •,aOAI,/,* • , 8 C A 1 ) PAL06450 

DO 20 IL= 1 , TEND PAL06460 

IC=8 1 PAL06470 

10 1C=IC-1 PAL06480 

I F ( IPAGE (IC,IL) . Ep, IBLANK. AND, 1C. GT. 1 ) GO TO 10 PAL06490 

WRITE (POF, 15) (IPAGE (I, IL) , 1= 1 , iC) PAL06500 

15 FORMAT ( • 1 , 80 A 1) PAL06510 

20 CONTINUE PAL06520 

REIURN PAL06530 

END PAL0654 0 

C PAL0655 0 

C PAL06570 

SUBROUTINE CAT PAL06580 

C THIS SUBROUTINE PRINTS THE PALASM CATALOG PAL06590 

IMPLICIT INTEGER ( A - Z) PAL06600 
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COrtrtON /LUNIT/ PrtS, POF, PDF 


PAL066 10 

WRITE 

(PMG 

r >0) 


PAL06620 

10 F 0 D rt A 

T(/, 

' THIS PALASft AIDS THE USER IN THE DESIGN AND', 

PAL06630 

1 


PROGRAMMING OF THE 

',/,' SERIES 24 PAL FAMILY. THE', 

PAL06640 

2 


FOLLOWING OPTIONS 

ARE PROVIDED:', 

PAL06650 

3 

/, 

ECHO (E) 

PRINTS ThE PAL DESIGN', 

P AL06660 

4 


SPECIFICATION* , 


PAL06670 

5 

//, 

PINOUT (0) 

PRINTS THE PINOUT OF THE PAL', 

P AL06680 

b 

//, 

SIMULATE (T) - 

EXERCISES THE FUNCTION TABLE', 

PAL06690 

7 


VECTORS IN THE LOG 

ic',/.' •, 

PAL06700 

3 


1 EQUATIONS AND GENERATES TEST VECTORS', 

PAL067 1 U 

9 

//, 

1 PLOl (?) 

Pit I NTS THE ENTIRE FUSE PLOT') 

PALOb 720 

WRITS (PrtS , 

20) 


PAL06730 

20 FORMA T (/,' 

BRIEF (B) 

PRINTS ONLY THE USED PRODUCT LINES', 

PAL06740 

1 


UF THE FUSE PLOT', 

/,' PHANTOM', 

PAL06 750 

2 


FUSES ARE OMIT TED* 

> 

PAL06 760 

} 

//. 

JED EC (J) - 

GENERATES FUSE OUTPUT FOR DATA I/O', 

PAL06770 

4 


PROGRAMMERS' , 


PALOb 760 

5 

//, 

HEX ( H) 

GENERATES KEY PROGRAMMING FORMAT' , 

PAL06790 

b 

//, 

SHORT (S) 

GENERATES HEX PROGRAMMING FORMAT', 

PAL06800 

7 

//, 

JHLF (L) 

GENERATES BHLF PROGRAMMING FORMAT', 

P A L 0 6 8 1 0 

b 

//, 

3 N P F ( N ) 

GENERATES BNPF PROGRAMMING FORMAT' , 

PAL06820 

9 

//, 

CATALOG (C) - 

PRINTS THE PALASK CATALOG', 

PAL06630 

A 

//, 

*U IT (2) 

EXIT PALASM', 

PAL06840 

B 

//, 

FAULT (F) 

FAULT TESTING') 

PAL06850 


RETURN PAL06860 

END PALO 687 0 

C PAL06880 


c 

SUBROUTINE PINOUT (IPAL, IN Art E, TITLE) 

C THIS SUBROUTINE POINTS THE PINOUT OF THE PAL 

I.1PLICIT INTEGER (A-Z) 

INTEGER I P AL (3) , I NAME (5) .TITLE (80) , PIN ( 12, 24) , IIN (8, 2) 
COrtrtON /P3E/ IPAGE (60 , 200) 

COMMON /LUNIT/ PrtS, POF, PDF 
DATA laLANK/* •/ , 1 3 1 A 8/ 1 <■ • / 

DO 10 J= 1 , 24 

DO 6 1=1,12 

S PIN (I,J) =IBLANK 

10 CONTINUE 
15 DO 25 J= 1, 2 

DO 20 1=1,8 

20 IIN (I, J) =IBLANK 

25 CONTINUE 

IIN (2 , 1) =IPAL ( 1) 

IIN (4, 1) =1 P A L (2) 

IIN (6, I) =IPAL (3) 

IIN ( 1 , 2) =INAME (1) 

IIN (3,2) =IN ArtE (2) 

IIN (5 , 2) = ItUME 13) 

IIN (7 , 2) =INAHE (4) 

IIN (8,2) =INAME (5) 

0 = 0 
IL = 0 


PAL06900 
PAL0691G 
PAL0692G 
P A LO 6930 
PALO 694 0 
P AL06950 
PAL06960 
PAL06970 
PAL06980 
PAL 06990 
PALO 7 00 0 
PAL070 10 
P A L 0 7 0 2 0 
PALO 7030 
PALO 7040 
PALO 705 0 
PAL07060 
PALO 7070 
PAL07080 
PAL07090 
PALO 7100 
PAL071 10 
PAL07 120 
PALO 7 130 
PAL07 140 
PAL07 150 


24 
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30 IC = 0 
Il = ILH 
35 IC = IC ► 1 

40 I F ( IC.GT.aO ) GO TO 30 

I F ( IPAGE(IC,IL) .Ey.IBLANK ) GO TO 35 
J=JH 

IF (J.G1.24) GO TO 60 
DO 55 1=1, 12 

PIN (I ,J) = I PAGE (IC,IL) 

IC=ICH 

IF ( IC.GT.dO ) GO TO 40 

I F ( IPAGE (IC , IL) . Ev . IBLAN K ) GO TO 40 

55 CONTINUE 

60 DO 75 J= 1 , 1 2 

II = 0 

65 ii=iih 

IF (II. EO. 1 3) GO TO 75 

I F ( PIN (II, J) .NE.IBLANK } GO TO 65 

1=13 

70 1=1-1 

11=11-1 

PIN (I, J) =PIN (II, J) 

PIN (II, J) =IBLANK 
IF (II. NE. 1) GO TO 70 

75 CONTINUE 

WRITE (POF, 76) TITLE 

76 FORHAT (/, • • ,80A1) 

WRITE (POF, 70) ISTAR, 1ST AR , 1ST AR , 1ST AR , 1ST AR , 1ST AR , IS I A R , 1ST AH , 

1 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 1ST AH, ISTAR, ISTAR, 

2 IS TAR, I STAR, 1ST AR, 1ST A R, IS TAR, I STAR, I STAR , IS TAR, 

3 ISTAR, I STAR* IS TAR, ISTAR, ISTAR, I STAR, IS TAR, ISTAR 
78 FORHAT (/ , • ' ,18X, 1 4 A 1 ,3X,14A1, 

I /,' ' , 1UX.A1, 13X, A1, IX, Al, 1 3 X , Al> 

JJ=24 

DO 88 J= 1 , 12 

WHITE (POF, 80) 1ST AR, 1ST AR, 1ST AR, 1ST A R, I STAR, I STAR, I STAR, 1ST AR 

80 FORHAT ( ’ ' , 1 5 X , 4 A 1 , 29X , 4 A I) 

WRITE (POF, 81) (PIN (I, J) , 1= 1, 12) .ISTAR, J, I ST AH, 

1 (IIS (I, I) ,1= 1 ,8) ,IST AH, JJ, ISIAR , (PIN (I, JJ) , 1= 1 , 12) 

81 FORHAT ( ' ' , 12A 1 , 3X, A 1,12, A 1 , 1 IX , 8A 1 , I0X, A 1 , 12, Al , 3X, 12A 1) 
WRITE (POF, 82) I ST AR , I ST A R , I ST A R , 1ST A R , 1ST A R , I ST A R , 1ST A R , 1ST AR 

82 FORMAT ( ' • , 1 5 X , 4 A 1 , 29X , 4 A 1) 

WRITE (POF, 84) ISTAR, (IIN (1,2) ,1=1,8) .ISTAR 
84 FORHAT ( * ' , 1 8 X , A 1 , 1 1 X , 8 A 1 , 10X, Al) 

DO 86 11=1,2 

DO 85 1=1,8 

35 IIN (1,11) =XBLANK 

86 CONTINUE 

JJ=JJ- 1 
.SQ CONTINUE 

WRITE (POF, 90) IS TAR, ISTAR, ISTAR, ISTAR, ISTAR, IS TAR, ISTAR, ISTAR, 

1 ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 

2 ISTAR, ISTAR, ISTAR, 1ST AR, 1ST AR , ISTAR , 1ST AR , 1ST A B, 

3 I STAR, ISTAR, ISTAR, ISTAR, ISTAR, I STAR, IS TAR 
90 FORMAT ( • 1 , 18X, 31A 1) 
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RETURN PALO 77 1 0 

END PALO 7 720 

C PAL0773Q 

+ ****$$$* *$****$*$PAL077UG 


SUBROUTINE PLOT (L BU F, IBUF, L FUSES, IPROD, TITLE, LDU HP , IT XP E , LPROD, 
l TOP , I BLOW) 

C THIS SUBROUTINE PRODUCES THE FUSE PLOT 

IMPLICIT INTEGER (A-Z) 

INTEGER IBUF (6,24) , IOUT (64) ,ISAV£(B0,40) , TITLE (30) , ID AT A (4 0) 
LOGICAL L B U F (24) , L FUS E S (4 0 , 80) , LDUMP , LPROD (80) 

INTEGER STX , ET X 

COMMON /LU NX 1/ PHS,POF,PDF 

DATA ISAVE/3200*' • / , I A N D/ ' * * / , IGR/ » ► ' / , I SL ASH/ » / ' / , 

1 ID ASH/' - * / , X/ * X*/, IBLANK/' ' /, P/ • P • /, B/ • 3 •/ , 

2 D/' D' /, ZERO/ 1 0'/, ONE/' 1 ' / , F X/ • 0 • / , F I D A S H/ 1 0 • / 

DATA 5 TX/Z02 000000/, ETX/Z03 000000/ 

IF (LDUMP) GO TO 5tt 

IF (ISAVE (IPROD , I) ,NE. IBLANK) RETURN 
I F (LBUF ( I) ) GO TO 5 
DO 30 J= 1 , 33 

30 ISA VE (IP RO D, J)= ISAVE (IPROD, JH) 

ISAVE (I PROD, 4 0) =I$LASH 
5 DO 20 1=1,6 

I f ( ISAVE (IPROD, 1) . NS. IBLANK ) RETURN 
I F ( IBUF (1,1) ,E0. IBLANK ) GO TO 2G 
DO 10 0= 1 , 39 

10 ISAVE (IPROD, J) =ISAV E (IPROD, J ► 1) 

ISAVE (IPROD, 4 0) =IBUF (1,1) 

20 CONTINUE 

IF (ISAVE (IPROD, 1) . NE. IBLANK) RETURN 
40 DO 50 J= I , 33 

5 0 ISAVE (IPROD, J)= ISAVE (IPROD.JH) 

ISAVE (IPROD, 40) = I A N D 
RETURN 

C PRINT FUSE PLOT 

58 IF (lOP.E^.D) GO TO 62 
WRITE (?OF,6 1) TITLE 

6 1 FORMAT (/, • ' , 60 A 1 ,//, 

1 • 11 1111 1111 2222 2222 2233 3333 3333*,/, 

2 * 0123 4567 3901 2345 6789 0123 4567 8901 2345 6789',/) 

GO TO 64 

STX DETERMINES THE STARTING CHARACTER FOR DATA I/O FORMAT 

62 WRITE (PDF, 63) STX 

63 FORMAT ( * ' , A I , • *LGOOO •/) 
b 4 DO 100 I66PR0= 1 , 73, 3 

DO 94 I6PHO= 1,8 

IPR0D = I83PR0H8 PRO- 1 
ISAVE (IPROD, 40) =1 BLANK 
DO 70 1=1,40 

I F ( ISAVE (IPROD, 1) . NE. IBLANK ) GO TO 70 
DO 65 J = 1 , 39 

65 ISAVE (IPROD, J)=ISAVE (IPROD,.jV t) 

ISAVE (IPROD, 4 0) = I5LANK 
70 CONTINUE 


PALO 7750 
PAL07760 
PAL07770 
PAL07780 
PALO 7 790 
PAL07800 
PAL07810 
PALO 7820 
PALO 7830 
PALO 784 0 
PAL07850 
PAL07860 
PAL07870 
P AL07880 
PAL07890 
PALO 7900 
PALO 79 1 0 
PAL07920 
PAL07930 
PALO 794 0 
PAL07950 
PAL07960 
PAL0797G 
PALO 7 980 
PAL07990 
PAL08000 
PAL080 10 
PALO 8020 
PAL08030 
PAL08040 
PAL08050 
PAL03060 
PAL08070 
P A LO 8080 
PALOdO90 
PAL08100 
PAL08 1 10 
PAL08 120 
PAL08 1 30 
PAL0 8 140 
PAL03 150 
PAL08 160 
PAL03 170 
PAL08180 
PAL08 190 
PAL0320C 
PAL032 10 
PAL08220 
PAL03230 
PAL03240 
PAL08250 


24 
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DO 75 1=1,24 

IOUT (I*4 0) *1SA VE (IPROD, I) 

75 CONTINUE 

IF ( IS AV E (I PROD , 25) .NE.IBLANK ) IOUT (64) =IDASH 
DO BO 1=1,40 
IOUT (I) =X 

IF (L FUSES (I, I PROD) ) IQU T (I) =IDASH 

80 CONTINUE 

CALL FANTOH (ITVPE, IOP , IOUT, IPROD.I8PRO) 

IF (IOP, NE.D) GO TO 85 
K= 0 

81 DO ■ 82 1=1,40 

IF ( (IOUT (1) ,E0. FX) .OR . (IOUT (I) ,EQ, FIDASH) ) CO TO 82 
K = K ► 1 

IF (IOUT (I) .EQ.X) IDATA (K) =ZERO 

IF (IOUT (I) , Ey , I U A S K) IDATA (K ) =ONE 

82 CONTINUE 

DO 83 1=1,40 

I F ( (IOUT(I) .EO.X) .OR, (IOUT(I) .EO.IDASH) ) GO TO 8b 

83 CONTINUE 
GO TO 94 

86 WRITE (PDF, 84) IDATA 

84 FORMAT (* ',40(A1,' ')) 

GO TO 94 

85 IPROD = IPROD- 1 

I F ( (IOP.EQ.P) .OR. (IOP. EC. 3. AND. (LPROD (IPRODH) )) ) 

I WRITE (POF, 90) IP ROD, IOUT 

90 FORMAT ( 1 *,I2,10(' ',24Al) 

94 CONTINUE 

WRITE (POF, 96) 

96 FORMAT (IX) 

100 CONTINUE 
IF(IOP.NE.D) GO TO 105 
WRITE (PDF, 101) ETX 

101 FORMAT ( 1 * , A 1) 

RETURN 

105 WRITE (POF, 110) 

110 FORMAT (/, 

I' LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P, 

IF(IOP.EQ.P) WRITE (POF, 1 1 1) 

1 1 1 FORMAT ( 

1* 0 : PHANTOM FUSE (L,N,0) 0 : PHANTOM FUSE (H,P, 

WRITE (POF, 1 12) IBLOW 

112 FORMAT (/, ' NUMBER OF FUSES BLOW = ',14) 

WRITE (POF, 1 13) 

113 FORMAT (//) 

RETURN 

END 


I' LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H , P, 1) • ) PAL08640 

IF(IOP.EQ.P) WRITE (POF, 1 1 1) PAL08650 

1 1 1 FORMAT ( PAL08660 

1* 0 : PHANTOM FUSE (L,N,0) 0 : PHANTOM FUSE (H , P , 1) » ) ? AL 08 67 0 

WRITE (POF , 1 1 2) IBLOW PAL0868U 

112 FORMAT (/, ' NUMBER OF FUSES BLOW = ',14) PAL0869G 

WRITE (POF, 1 13) PAL08700 

113 FORMAT (//) PAL08710 

RETURN P ALOd 720 

END PAL08730 

C PAL03740 

********************* *«*****«***p AL o u 750 

C PAL08760 

SUBROUTINE HEX ( L F USES , I OE) PAL03770 

C THIS SUBROUTINE GENERATES REX PROGRAMMING FORMATS PAL08780 

IMPLICIT INTEGER (A-Z) PAL08790 

INTEGER ITEMP (30) .ZTABL1 (32) , ZTABL2 (16) ,ZCSUM (4) PAL08800 
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LOGICAL LFUSES (40,80) 
INTEGER SO H , ST X , ETX , BEL 
COMMON /LUNIT/PMS.POF, PDF 


DATA 

H/'ii'/.S/'S 

' / , I B L A N K/ ' 

V, 




1 

ZTAfaL 1/'00* 

, '0 1* , • 02' , 

' 03' 

, • 04 • 

, '05' , • 06 • , 

, ' 0 7 • , 

2 

•08' 

, '09' , *0A' , 

' OB' 

,'OC 

, *0D' , 'OE' , 

, 'OF* , 

3 

• 10 ' 

, ' 1 1* ,' 12', 

•13' 

, • 14 ' 

,* 15',* 16', 

•17'. 

4 

MS' 

, • 1 9 • , • 1 A • , 

MB' 

,' 1C 

, • ID' , * IE' , 

r ' IF'/ 

5 

ZT ABL 2/ ' 0 • , 

• 1* , ' 2' , ' 3' 

r '4' 

, ' 5' , 

•6', '7', 


6 

'8* , 

' 9 ' , * A ' , ' B ' 

r 'C' 

, 'O' , 

' E • , ' F ' / 



DATA SOH/Z0 1 0000 00/, ST X/Z 0200000c/, 
► ETX/ZO 300 0000/ , BEL/ ZO 7 000000/ 

csun=o 


IF (IOP.EO.H) WRITE (PDF, 10) 

10 FORMAT (// , 80 (' •) ,//) 

C***** NOTE: SOME PROM PROGRAMMERS NEED A START CHARACTER. 
C***** THIS PROGRAM OUTPUTS AN STX FOR THE D A Tn I/O MODEL 


C***** (USE SOH FOR MODEL 5) 

WRITE (PDF,S) BE L, B EL, BEL, flEL, BEL, BEL, BEL, STX, SOH 
5 FORMAT (' ' , 9A 1) 

DO 40 1= 1 , 4 I , 40 
INC = I- 1 

DO 40 LPROD= 1,7,2 
DO 20 J= 1 , 2 

DO 20 UN PUT 3 1,40 
I H E X = 0 

TSUM 2=IPROD * J-1 ► INC 

IF (LFUSES (IINPUT,ISUM2 ► 0 ) ) IHEX = IHEXM 

IF (LFUSES (IINPUT, ISUM2 ► 8 )) IHEX = IHEX»-2 

IF (LFUSES (IINPUT.ISUM2 »• 1b )) I HEX = I HEX ►4 

IF (LFUSES (IINPUT, ISUM2 ► 24 )) IHEX^IHEXt-8 

IF (LFUSES (IINPUT, ISUM2 *■ 32 )) IHEX = IHEXM6 

CSUM=CSUMH HEX 


I5UMX=IINPUTH40* (J- 1) ) 

20 ITEMP (ISUMX) =ZTABL1 (IHEX ► I) 

IF(IOP.EQ.h) WRITE (PDF, 60) ITEM? 

60 FORMAT (4 C ',20(A2,' • ) , ' .'./)) 

40 I F (IOP . £Q . S) WRITE (PDF, 6 1) ITEM? 

61 FORMAT (4 ( * • ,20A2, ',',/) ) 

IF (IOP.EQ.H) WRITE (PDF, 70) 

70 FORMAT (//, 80 (» •) ,//) 

WRITE (PDF, 80) ETX 
80 FORMAT (• » , A 1) 

C CONVERT DECIMAL CHECK SUM INTO HEX CHECK SUM 

DO 86 1= I , 4 

ZT EMP = C SUM- 16* (CSUM/ 16) 

ZCSUM (S-I) =ZTABL2 (ZTEMP* 1) 

CSUM=CSUM/ 16 
85 CONTINUE 

/ I F (ZCSUM ( 1) . EQ .ZTA 3L2 ( 1) ) ZCS UM ( 1 ) = I BLA N K 

WRITE (PMS, 90) ZCSUM ( 1) . ZCSUM (2) .ZCSUM (3) .ZCSUM (4) 
90 FORMAT (/, 1 HEX CHECK SUM = ',4A1) 

RETURN 

END 


C 


P A L 08 8 1 0 
PAL08820 
PAL08830 
PAL08840 
P AL08850 
P AL03860 
PAL08870 
PAL 03880 
PAL08890 
PAL08900 
PAL0391 0 
PAL08920 
PA LO 8 930 
PAL08940 
PAL08950 
P A L 08 96 0 
PAL08970 
? AL0396Q 
PAL08990 
PA L 09000 
PAL09010 
PAL09020 
PAL09030 
PAL09040 
PALO 9 060 
PAL09060 
PAL09070 
PAL090B0 
PAL09090 
PALC9 100 
PAL09 110 
PAL09 120 
PAL09130 
PAL09140 
PAL09 150 
PAL09 160 
PAL09 170 
PAL09 160 
PAL09 190 
PAL09200 
PAL09210 
PAL09220 
PAL09230 
PAL09240 
PAL09250 
PAL09260 
PAL09270 
PAL09280 
PAL09290 
PAL09300 
PAL09310 
PAL09320 
PAL0933 0 
PAL09340 
PAL09350 
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C*4t<c*«****##**«**e******«*«<>***«««**«#**«#***t*««*4'#**********«t«*e****t*pAL09360 
C PAL09370 

BLOCK DATA PAL0938G 

IMPLICIT INTEGER (A-Z) PAL09390 

COMMON /BLK/ PR8X JO ( 10, 14) , PflODB (8, 11) ,PRODLN (40, 7) PAL09400 


DATA 

P38X 10/ 



PAL0941C 

1 

4, 4, 4, 4, 4, 4, 

4, 4, 

4, 

PAL09420 

2 

3, 6 ( 5. 5, 5, 5, 

5, 5, 

6. 3, 

PAL09430 

3 

3 , 3 , 7, 7, 8, 8 , 

7, 7, 

3, 3, 

PAL0944 0 

4 

3, 3, 3, 9, 10, 10, 

9, 3, 

3, 3, 

PAL09450 

5 

3, 3, 3, 3, 1, 1, 

3, 3, 

3, 3, 

PAL094 60 

6 

2, 2, 2, 2, 1, 1, 

3, 3, 

3, 3, 

PAL09470 

7 

11,11,11,11,11,11, 

11,11, 

11,11, 

PAL09480 

8 

11,11,11,11,11,11, 

11,11, 

11,11, 

PALG9490 

9 

11,11,11,11,11,11, 

11,11, 

11,11, 

PAL09500 

A 

11,11,11,11,11,11, 

11,11, 

11,11, 

PAL09S 10 

B 

3, 1, 1, 1, 1, 1, 

1, 1, 

1. 3, 

PAL 09 52 0 

C 

3, 1, 1, 1, 1, 1, 

1, 1. 

», 3, 

PAL09530 

D 

3, 1, 1, 1, 1, 1, 

1, 1. 

». 3, 

PAL0954 0 

E 

3, 1, 1, 1, 1, 1, 

1. 1. 

1, 3/ 

PAL09550 

DATA 

PROD6/ 



PAL09560 

1 

t, t, 1, », M, 1, l, 



PAL09570 

2 

2, 2, 2, 2, 2, 2, 2,2, 



PAL09580 

3 

3*3, 3, 3, 3, 3, 3,3, 



P AL09590 

4 

4,4, 3, 3, 3, 3, 3, 3, 



P A L 09 600 

5 

3, 5, 3, 3, 3, 3, 3, 3, 



PAL09610 

6 

5, 5, 9, 5, 3, 3, 3, 3, 



PAL09620 

7 

6, 6, 6, 6, 3, 3,3, 3, 



PAL09630 

8 

6,6, 3, 3, 3, 3, 3, 3, 



PAL0964Q 

9 

7, 7, 7, 7, 7, 7, 3, 3, 



PAL09650 

A 

7, 7, 7, 7, 3, 3, 3, 3, 



PAL09660 

B 

1, 1, 1, 1,3, 3, 3, 3/ 



PAL09670 

DATA 

PHOULN/ 



PAL09680 

1 

40* 1HX, 



PAL09690 

2 

4 0* 1 H P , 



PALO 9 700 

3 

40* 1HN, 



PAL097 1G 

4 

6* 1HX, 2* 1HP, 2* 1HX, 

2* IHP, 

2* 1 H X , 2* IHP , 2* IHX, 

PA LO 9 720 

4. 

2* 1 H P , 2 * JHX, 2*1 HP, 

2* IHX , 

2*1HP , 2* IHX , 2* IriP, 

PAL09730 

4 

2 * 1 H X , 2 * 1 H P , 4 * IHX, 



PAL09740 

5 

10* IHX, 2* 1 H P , 2 * litX 

, 2* IHP 

,2* IHX * 2* IHP, 2* IHX, 

PAL09750 

6 

2* IHP,2*1HX,2* IHP, 

2* IHX, 

2* IHP, 9* IHX, 

PAL09 760 

b 

14* IHX, 2* IHP, 2* IHX 

, 2* lap 

,2* 1 KX , 2* 1HP,2*1HX, 

PAL09770 

6 

2* IHP, 1 2* IHX, 



PAL09780 

7 

18* IHX, 2* IHP, 2* IHX 

, 2* IHP 

, 16* IHX/ 

PAL09790 


END PAL09800 

C PAL09810 

*#»<<»**<'*»»**#**t#»*'»**t«=**«>*<'**** «<i»PAL0S820 
C PAL09830 

PAL09840 
PAL09850 
PALO 9860 
PAL09870 
PAL0988U 
PAL09890 
PAL09900 


SUBROUTINE TWEEK { IT i PE , L FUSES ) 

THIS SUBROUTINE IWEEKS LFUSES (THE PROGRAMMING FUSE PLOT) 
FOR HIGH AND LOW PHANTOM FUSES 
IMPLICIT INTEGER (A-Z) 

LOGICAL LFUSES (40 , 80) , L BL A NK , LL E FT , L A ND , LOR , LS L ASH , 

I LEQUAL, LRIGHT.IXOR 

COMMON LB LANK , LLEFT, LAND, LOR , LS l A S H , L EG U A L , L R IGHT , LXOR 
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COMMON /DLK/ PR8X 10 (10, 14) , PH008 (ti , 11) 

, PRODLN (40,7) 

PALQ991 0 



DATA P/ ' P 1 / , N/ 1 N ' / 



PAL09920 



FUSPTR 3 l 



PAL09930 



DO 30 OU TPUT= 1,10 



PAL09940 



GRTYPE 3 PR8X 10 (OUTPUT, ITYPE) 



PAL09950 



DO 30 PRUNE 3 !, 8 



PAL09960 



LNTYPE 3 PROD8 (PRUNE, GRTYPE) 



PAL09970 



DO 20 COL= 1 , 4 0 



PAL0998O 



IF (PRODLN (COL, LNTY PE) . EQ.P) 



PAL09990 



1 LFUSES (COL, FUSPTR) * .THU E. 



PAL 10000 



IF (PRODLN (COL, LN TYPE) . Etf.N) 



PAL 1 00 1 0 



1 LFUSES (COL, FUSPTR) =, FALSE. 



PAL 10020 


20 

CONTINUE 



PAL 10030 



FUSPTR 3 FUSPTR 1 



PAL 10040 


30 

CONTINUE 



PAL 10050 



RETURN 



PAL 10060 



END 



PAL 1 0070 

c 





PAL 10080 


c 





PAL 10 100 



SUBROUTINE fl I N R ( L FUS ES , d , L) 



P A L 1 0 1 1 0 

c 


THIS SUBROUTINE GENERATES BINARY PROGRAMMING FORMATS 

PAL 1 0 120 



IMPLICIT INTEGER (A-Z) 



PAL 1 0 130 



INTEGER ITEMP (5,10) 



PAL 10 140 



LOGICAL LFUSES (40,80) 



PAL 10 150 



COMMON /LUNIT/ PMS,POF,PDF 



PAL 1 0 160 



WRITE (PDF, 10) 



PAL10 170 


10 

FORMAT (//, ' 



PAL10 180 



DO 20 I 3 1 , 4 1 ,40 



PAL 10 190 



I NC 3 I- 1 



PAL 10200 



DO 20 IPROD 3 1,8 



PAL 102 10 



DO 20 J=1, 3 1, 10 



PAL 10220 



DO 15 K 3 l, 10 



PAL 10230 



IINPUT = J>K- 1 



PAL 10 24 0 



ITEMP ( 1 ,K) 3 L 



PAL 10250 



ITEMP (2 , K ) *L 



PAL 10260 



ITEMP ( 3 , K) =L 



PAL 10270 



ITEMP (4 , K ) *L 



PAL10280 



ITEMP (5,K) 3 L 



PAL 10290 



ISUM3=IPR0D*INC 



PAL 1 0 300 



IF (LFUSES (IINPUT, ISUM3 ► 0 

)) 

ITEMP (5 , K) 3 H 

PAL 10310 



IF (LFUSES (IINPUT, ISUH3 * 8 

) ) 

ITEMP (4 , K) 3 H 

PAL 10320 



IF (LFUSES (IINPUT,ISUM3 »■ 1b 

)) 

ITEM? (3,K) 3 H 

PAL 10330 



IF (LFUSES (IINPUT, ISUM3 * 24 

)) 

ITEMP (2 , K) =H 

PAL 10340 



IF (LFUSES (IINPUT, ISUM3 * 32 

>) 

ITEMP (1,K)=H 

PAL 1 0 350 


15 

CONTINUE 



PAL 10 360 


20 

WRITE (PDF, 30) ITEMP 



PAL10370 


30 

FORMAT (' ' , 10 (' 8' , 5A 1 , ' F •)) 



PAL 10380 



WRITE (PDF, 10) 



PAL 10390 



RETURN 



PAL 10400 



END 



PAL104 10 

c 





PAL 10420 


C*«****«$$*«*4'#«*4*$$**$#*$$****tt**«*#*«<‘*9<‘*********4>*******9*9*<‘*****4tPAL104 30 
C PAL 10440 

SUBROUTINE S H F (L FUS ES , 1 88 P RO , IT Y P E , I B LO W) PAL10450 
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THIS 

SUBROUTINE WILL BLOW THE ENTIRE 

CONDITIONAL THREE-STATE 

PAL 10460 

PRODUCT LINE WHEN 'IF(VCC)* CONDITION IS USED FOR THE 

PAL 10470 

CORRESPONDING OUTPUT PIN 


PALI 0480 

IMPLICIT INTEGER (A-Z) 


PAL 10490 

INTEG 

EH IENABL (10, 14) 


PAL 10500 

LOGICAL LFUSES (40,80) 


PAL10510 

1=ENABLED OUTPUT, 0= AN YTHI NG ELSE 

FOR THAT OUTPUT 

PALI 0520 

DATA 

IENABL/ 


PAL 1 0530 

1 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 10540 

2 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 10550 

3 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 10560 

4 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 1 0570 

5 

0,0, 0,0, 0,0,0, 0,0,0, 


PAL 10580 

6 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 10590 

7 



PAL 10600 

6 

0,0,0, 0,0, 0,0, 0,0,0, 


PAL 10610 

9 

1,0, 0,0, 0,0, C,0,0, 1, 


PAL 10620 

A 

1,1, 1,0, 0,0,0, 1,1, 1, 


PAL 10630 

B 

0, 1, 1,1, 1,1, 1, 1, 1,0, 


PAL 10640 

C 

0,0, 0,0, 0,0, 0,0, 0,0, 


PAL 10650 

D 

0, 1,0, 0,0, 0,0,0, 1,0, 


PAL 10660 

E 

0, 1, 1,0,0, 0,0, 1, 1,0/ 


PAL 10670 

IOUT= 

( 1 8 0 P RO - 1 ) /d ► 1 


PAL 10680 

IF (IENA3L(IOUT,ITYP£) .£0.0) RETURN 


PAL 10690 

DO 10 

1=1,40 


PAL 10700 

IBLOW 

= IBLOW t 1 


PAL 10 7 10 

10 LFUSES (I , I 88 PRO) * .TRUE, 


PAL 1 0 720 

1 86 PRO = I 8d PRO *• 1 


PAL 10730 

RETURN 


PAL 10740 

END 



PAL 10750 
PAL 10760 




C 

SUBROUTINE FAN10fi(ITYPE,I0P,I0UT, I PROD, I 8 PRO) 

C THIS SUBROUTINE UPDATES IOUT (THE PRINTED FUSE PLOT) 

C FOR HIGH AND LOW PHANTOM FUSES 

IMPLICIT INTEGER (A-Z) 

INTEGER IOUT (64) 

LOGICAL LBLANK, LLEFT, LAND, LOR , LSL ASH , LE^UAL , LR IGHT, LXOR 
COMMON LBLANK , LLEFT, LAND, LOR , LS L AS H , LE 5 U AL , L FI GHT , LXOR 
COMMON /BLK/ P R8 X 10 ( 10 , 14) , PR OD8 (8 , 1 I ) , PRODLN (4 0 , 7) 

DATA B/ 'B'/, N/ ’ N ' / , P/ * P • / , LO F AN T/ ' 0 ' / , H I F A N T/ ' 0 » / , IBL A N K/ ' •/ 

C GET OUTPUT GROUPING 

OU T PU T= (IPROD- 1) /8H 
GRTY ?E=PH8X 10 (OUTPUT, ITYPE) 

LNTY?E = P R OD8 (IBPRO, GRT YPE) 

DO 10 CO L= I , 40 

IF ( PRODLN (COL, LNTYPE) .EQ.P. AND, IOP.E0.P ) IOUT (COL) =HIFANT 
I F ( PRODLN (COL, LNTYPE), EQ.P. AND. IOP.EQ.B ) IOUT (COL) *1 BLA NK 
I F ( PRODLN (COL, LNTYPE) .EQ.N ) IOUT (COL) =LOFANT 

10 CONTINUE 
RETURN 
END 
C 


PAL 10780 
PAL 10790 
PAL 10800 
PAL 10810 
PAL 10820 
PAL10830 
PAL 10840 
PAL10850 
PAL 10860 
PAL 10870 
PAL 10880 
PAL 10890 
PAL 10900 
PAL 10910 
PAL 10920 
PAL 10930 
PAL 109*40 
PAL 10950 
PAL 10960 
PAL 10970 
PAL 1 0980 
PAL 10990 


C***********************************************************************PAL11000 
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SUBROUTINE IODC2 

C***** THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS ON 
IMPLICIT INTEGER (A-Z) 

INTEGER BEL.DC2 

COMMON /LUNIT/ PMS,POF,PDF 

DATA BEL/ 2 07 000 000/, DC 2/Z 22 000000/ 

WRITE (PDF, 10) DC2 , BEL 
I 0 FORMAT (' 1 , 2A 1) 

RETURN 

END 


PALI 
PAL 1 
PALI 
PAL t 
PAL 1 
PAL 1 
PALI 
PALI 
PAL 1 
PAL 1 
PAL 1 

C PALI 

c PAL I 

SUBROUTINE IODC4 PALI 

THIS ROUTINE IS OPTIONAL, IT MAY BE USED TO TURN PERIPHERALS OFF PALI 

IMPLICIT INTEGER (A-Z) PALI 

INTEGER BEL, DC 3, DC 4 PALI 

DATA BEL/ 20700000 0/, DC 3/ Z2300000C/, DC 4/ Z24000QQG/ PALI 

WRITE (PDF, 10) BEL, DC3.DC4 PALI 

1 0 FORMAT (• ' , 3A 1) PAL 1 

RETURN PALI 

END PALI 

C PAL 1 

C PALI 

PAL 1 
PAL 1 
PALI 
PALI 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PALI 
PAL 1 
PALI 
PAL 1 
PALI 
PAL 1 
PAL 1 
PAL 1 
PALI 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PAL 1 
PALI 


SUBROUTINE TEST (LPHASE.LBUF, TITLE, IC,IL, IL£,ISYM,IBUF,ITYPE, 

1 IPCTR , LEER, I5AF, IPCTR 1, LSAl 1 , LSAO 1) 

C THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION 

C AND GENERATES TEST VECTORS 

IMPLICIT INTEGER (A-Z) 

INTEGER IS YM (8,24) , I S YM I (8 , 24) , IBUF («, 24) , IVECT (24) , IVECTP (24) , 

I ISTATE (24) ,I3TATI (24) ,IPIN (24) , TITLE(BO) , IPCTR 

LOGICAL LULA NK , L L £ F T , L A N D , LO R , LS LAS H , L£ QU AL , LB IG HT , L X OR , L3 AM S , 

1 XORFND, LERR, LPHASE (24) ,LPHAS 1 (24) ,LBUF (24) , LOUT (2 4) , 

2 LOUTP(24) , LCLOCK , LPTRST , LCTRST, LENABL (24) ,NREG, 

3 LSA 1 1 , LSA 1 2, LSAO 1 , LS A02. 

INTEGER BEL 

COMMON LBLANK , LLEFT, LAND, LOR ,LSLASH,LEQUAL,LKIGHT, LXOR 
COMMON /PGE/ IPAGE (80, 200) 

COMMON /LUNIT/ PMS,POF,PDF 
COMMON /FTE5T/ I FU NCT , I DESC , I £N D 

DATA IDASH/'-'/i L/' l’/. H/* ii'/tX/'X'/fC/'C V»Z/' Z •/» NO/' O'/* 

1 N I/' 1 •/. ERR/' ?•/, I3LAXK/' '/ .CQMENT/' ; »/ 

DATA BE L/Z07 000000/ 

C PRINT AN ERROR MESSAGE IF NO FUNCTION TABLE IS SUPPLIED 

IF (IFUNCT.NE.O) GO TO 3 
WRITE (PMS , 2) 

2 FORMAT (/, ' FUNCTION TABLE MUST BE SUPPLIED IN ORDER TO PERFORM', 

1 ' SIMULATION') 

RETURN 

C PRINT TITLE 

3 IF ( (.NOT. LSA 11) .AND. (. NOT. LSAO 1) ) WRITE(POF,4) TITLE 

4 FORMAT (/, ' ' , 80 A 1 ,/) 

C INITIALIZE LERR (FUNCTION TABLE ERROR FLAG) TO NO ERROR 


1010 
1020 
1030 
104 0 
1050 
1060 
1070 
1080 
1090 
1 100 
1110 
1 120 
1 130 
1140 
1 150 
I 160 
1 t 70 
1180 
1 190 
1200 
1210 
1220 
1230 
124 0 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
133 0 
1340 
1350 
1360 
1370 
1 380 
1390 
1400 
14 10 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
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LERR = .FALSE. 

C INITIALIZE NERR (NUMBER OF FUNCTION TABLE ERRORS) TO NO 

NERR=0 

C ■ SET THE STARTING POINT OF 1'HE FUNCTION TABLE TO COLUMN ( 
C AND IFUNd ► 1 

IC = 0 

IL=IFUNCT f 1 

C INITIALISE S A 1/S AO PARAMETERS 

IPCTR 3=0 
IE*N=0 
IPCTR=0 

C INITIALIZE ITRST (THREt-STATE ENABLE FUNCTION TABLE PIN 

I T R S T = 0 

C MAKE A DUMMY CALL TO INCH 

CALL I NCR ( I C , I L ) 

C GET THE FUNCTION TABLE PIN LIST (UP TO 22) 

C GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 

DO 10 1=1,23 

CALL GETSYR (LPHAS 1 , 1 S Y M 1 , 1, IC r I L) 

DO 5 J= 1 , 6 

5 IBUF (J, 1) = IS Y M 1 (J, I) 

IF (IBUF (8, 1) .Ev.IDASH) GO TO 12 
CALL MATCH (IMATCd, IBUF, ISYM) 

IF (IMATCH, NS. 0) GO TO 7 
WRITE (PMS, 0) (IBUF ( J , 1) ,J=1,8) 

6 FORMAT (/,» FUNCTION TABLE PIN LIST ERROR AT • , 8A1) 

RETURN 

7 LOUT (I) =. FALSE. 

1 5 T A T T ( I ) = X 

I V ECT P ( I ) = X 

C IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND 

C ENABLE PIN IN FUNCTION TABLE PIN LIST 

IF ( .NOT. (ITYPE.EC.8.0R.ITYPE.EQ.9.0H.ITKPE.EQ. 10.08. 

1 ITYPE. Eg. 12. OR, ITYPE.EQ. 1 3. OR. ITYPE.EQ. 14) ) ( 

IF (IMATCH , EyJ . 1) 1CL0CK = 1 
IF (IMATCH. £Q, 13) ITRST=I 
10 IPIN (I) =IH ATCH 

C ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN READ 

C ADJUST COUNT 

12 I M AX= I- 1 
NVECT=0 
C 

C***** START OF MAIN LOOP FOR SIMULATION***** 


NUMBER) 


GO TO 10 


PALI 

1 S60 

PAL 1 

1570 

PALI 

1580 

PAL 1 

1590 

PAL 1 

1600 

PALI 

1610 

PAL 1 

1620 

PAL 1 

1630 

PAL 1 

1640 

PALI 

1650 

PAL 1 

1660 

PALI 

1670 

PALI 

1680 

PALI 

1690 

PAL 1 

1 700 

PAL 1 

1710 

PALI 

172 0 

PAL 1 

1 730 

PAL 1 

1740 

PALI 

1750 

PALI 

1760 

PALI 

1770 

PAL 1 

1780 

PAL 1 

1790 

PAL 1 

1800 

PALI 

1810 

PAL 1 

182 0 

PALI 

1830 

PALI 

184 0 

PALI 

1850 

EPAL 1 

1860 

PAL 1 

1870 

PAL 1 

1880 

PAL 1 

1890 

PALI 

1900 

PAL 1 

19 10 

PAL 1 

1920 

PALI 

1930 

PALI 

1940 

PAL 1 

1950 

PALI 

1960 

PALI 

1970 

PALI 

1980 

PAL 1 

1990 


90 I?CTR2=0 
IE0N=O 
IPCTR 3=0 
LSA 12=. FALSE . 
LSA02=, FA LSE . 


NVECT=NVECT* 1 
IC1=0 
I L 1 “I LE 

GO PASSED COMMENT LINES 
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23 

IF (IPAGE ( 1 , IL) . NE.COHENT) GO TO 24 

P A L 1 2 1 1 0 



IL = ILH 

PAL 12 120 



GO TO 23 

PAL 12130 


24 

CONTINUE 

PAL12140 

c 


GETS VECTORS FROM FUNCTION TABLE 

PAL 12 150 



DO 20 1= 1 , I M A X 

PAL 12 160 



IF (IPAGE (IC , x L) . Eg . I5LANK) GO TO 21 

P A L 1 2 1 7 0 



GO TO 22 

PAL 12180 


2 1 

IC= I C ► 1 

PAL 12 190 



I F (IPAGE (IC, i L) . Ey. iBLANK) GO TO 21 

PAL 12200 


22 

IVECT(I) = I P A G E (IC, IL) 

PAL 12210 



IC=IC> 1 

PAL 12220 


20 

CONTINUE 

PAL 12230 

c 


ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COKMENTS 

PAL 12240 



I L = I L ► 1 

PAL 1 2250 



IC = 1 

PAL 12260 



IF (IVECT ( 1) . EQ. IDASH) GO TO 35 

PAL 12270 

c 


CHECK FUR VALID FUNCTION TABLE VALUES (L,H,X,Z,C) 

PAL 12280 



DO 11 1*1,1 MAX 

PAL 12290 



I F ( IV ECT (I) , Eg , L. OR, IVECT (I) . Eg. H. Oh. IV EC T(I) . Eg. X .OR . 

PAL 1 2300 



IVECT (I) , Eg, Z. OR, IVECT (I) , E 0 , C ) GO TO 11 

PAL 123 10 



NrtIT £ (PilS , 3) IVECT (I) , NVECT 

PAL 12320 


8 

FORK A I (/ , • ' , A l , 1 IS NOT AN ALLOWED FUNCTION TABLE ENTK X 1 , 

PAL 12330 



• IN VECTOR • ,13) 

PAL 1 2 34 0 



RETURN 

PAL 1 2350 


1 1 

CONTINUE 

PAL 12 360 

c 


INITIALIZE CLOCK AND THREE-STATE ENABLE FLAGS 

PAL 1 2370 



LC LOC K = . FALSE. 

PALI 2380 



LCTK5T=. TRUE . 

PAL 12390 



LPT3ST=.IRUE. 

PALI 2400 



DO 13 1=1, IK AX 

PAL 124 10 


1 3 

LENABL (I) =. TRUE, 

PAL 12420 

C 


INITIALIZE N R EG (NOT REGISTERED OUTPUT) TO FALSE 

PAL 12430 



NriEG=. FALSE. 

PAL 12440 

c 


INITIALIZE ISTAIE ARRAY 10 ALL X'S 

PAL 12450 



DO 15 1= 1 , 24 

PAL 12460 


15 

1 5 T A T '£ (I) =X 

PAL 12470 

c 


CHECK IF ThIS PAL TYPE HAS REGISTERS 

PAL 1 2480 



I F ( .NOT. (IT Y PE. Ey. 3. 0 R. IT YPE. EQ. 5. OR. I TYPE. Eg, 10. OR. 

PAL 12490 



ITYPE, Ey. l2.OR.irrPE.EO. 13.03, ITYPE. £Q. 14) ) GO TO 25 

PAL 12500 

c 


CHECK CLOCK AND THREE-STATE ENABLE PINS AND CHANGE FLAG IF NEEDED 

PAL 12510 



I F (IVECT (IC LOCK) . E Q . C) LCLOCK = , TRU E , 

PAL 1 2520 



IF (ITRST, Ey.O) GO TO 25 

PAL 12530 



LS AKE= ( ( LPHASE ( 1 3) ) .AND. ( LPHA S 1 (ITRST) ). OR . 

PAL 12540 



(. NOT. LPHASE ( 1 3) ) .AND .(. NOT. LPHAS 1 (ITRST) ) ) 

PAL 12550 



IF ( IV ECT (ITRST) . IQ . L . A ND . ( . NOT . LS AM £) . OR . 

PAL 12560 



. IVECT (ITRST) . Lj.ti. «ND. ( LSAKE) ) LPTRST=, FALSE, 

PAL 12570 



IF(LPTRST) GO TO 25 

PA L 1 2580 

c 


DISABLE REGISTERED OUTPUTS IF APPROPRIATE 

PAL 1 2590 



DO 46 I = 1 , I K A X 

PAL 12600 



J=IPIN (I) 

PAL 1 26 1 0 



IF ( J , E 2 • 1 7 , OR , J , E 2 . 18. OH. J. Eg. 19. OR, J, Eg, 2 0) LENA BL (I) = . FALSE, 

PAL 1262C 



IF ( (ITYPE, EQ , 3 . OR .ITYPE, EQ. 9. OR. ITYPE.EQ, 12. OR. 

PAL 12630 



ITYPE, EQ. 13) .AND. (J.EQ, lb.OR.J.EQ.2 1) ) L E N A 3 L ( I) = . F ALS E . 

PA L 1 2640 



I F ( (HYP E.EQ, 6. OR. ITYPE. Eg. 9. OR. ITYPE. Eg. 12) .AND. 

PAL 12650 


24 
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I (J , Eg , 1 5 .Oh , J. EQ. 22) ) LENA8L(I) =. FALSE 

I F ( ITYPE. EQ. 8, AND. (J.EQ. 14. OR. J.EQ. 23) ) LENABL(I) -. FALSE 
46 CONTINUE 
C 

c*****sckh through the logic equations***** 

c 

C WAKE A DU-ltiir CALL TO INCR 

25 CALL INCH (1C 1 , IL1) 

26 CALL GETSYM (LBUF.IBUF, 1 , 1C i , IL I) 

IF ( LLE FT; GO TO 29 

27 IF ( . NOT , LEQUAL) GO TO 26 
C 

I F (LEQUAL) IEQN = IEQNH 
C 

C EVALUATE CONDITIONAL THREE-STATE PRODUCT LINE 

29 IF (L2gUAL) GO TO 35 
NREC=.T RUE. 

33 CALL GETSTfl (LBUF.IBUF, l,ICl,ILl) 

CALL HATCH (IINP, IbUF, IS Yft 1) 

C CHECK FOR GND, VCC, /GND, OR /VCC IN CONDITIONAL THREE-STATE 

C PRODUCT LINE 

IF (IINP.NE.O) GO TO 32 
CALL MATCH (IMATCH , IBUF, ISTM) 

I LL = I L l 

I F ( I MATCH*. Eg. 12. AND. (LHUF(t) ) .OR. 

1 IMATCit.EQ, 24. AND. (.NOT.LUUF (I) ) ) LCTRS T= . FALSE. 

IF ( IINP. Eg. 0. AMD.IMATCH.NE. 12. AND. IMATCH. NE. 24 ) GO TO 100 
GO TO 34 

32 IT£5T=I V ECT (IINP) 

I F ( ITEST . EQ. L . AND. ( L PH AS 1 (I I NP) ) . A h D . ( LBUF(1)) 

l.OR, ITESI . EQ.H. AND. ( l PH AS 1 (II NP) ) . A N D , ( . NOT . LBU F ( 1 ) ) 

2. OR, ITEST. EQ. H, AND. (.NOT.LPH AS 1 (IINP) ). AND. ( L3UF(1)) 

3 . OR , ITEST . Eg. L. AND. (.NOT.LPH AS I (IINP)) . A ND . ( . NOT . Lfl U F ( J ) ) 

4 ) LCTH3T* . FALSE, 

IF (ITEST. EQ.X.OR.ITEST.EQ.Z) LCTRST= .FALSE, 

34 IF (LAND) GO TO 33 
GO TO 27 

C 

C EVALUATE THE LOGIC EQUATION 

C 

C FIND PIN NUMBER OF THE OUTPUT VECTORS 

C 

35 IPCTR 3 = 0 
C 

CALL MATCH (IOUTP, IBUF, ISYM I) 

C FLAG FOR UNREGISTERED OUTPUTS 

CALL MATCH (TOUT, IBUF, ISYM) 

IF( IT YPE.LE, 7, OB. ITTPE.EC.il) NREG=. TRUE, 

1 F ( (ITYPE.Eg,9,OR,ITYP£,EQ, 10) .AND. (IOUT.EQ. 1 4 . OR . IOUT . Eg . 23) ) 

1 NR EG= .TRUE. 

I F ( (I r Y P E , E Q , 10, OK, I TYPE, EQ, I3.0R.ITYPE.EQ.14) .AND. 

I (TOUT. Eg. 15. OR. IOUT.EQ, 22) ) NR£G=,THUE. 

IF ( (ITYPE.EQ. 10 . OB. IT Y PE, EQ'. 14) . AND. (IOUT.EQ. 16, OR. IOUT, EQ. 21) 

1 NR EG= .TRUE, 

ILL=IL1 


. PAL 12660 
. PAL 12670 
PAL 12660 
PAL 12690 
PAL 1 2700 
PAL 12710 
PAL 1 2720 
PAL 1 2730 
PAL 12740 
PAL 12750 
PAL 1 2760 
PAL 12770 
PAL 12780 
PAL 1 2790 
PAL 1 2800 
PAL I 28 10 
PAL 12820 
PALI 2 630 
PAL 12840 
PAL 12850 
PAL 12860 
PAL 1 2870 
PAL 12880 
PAL 12890 
PAL 1 2900 
PA L 1 29 1 0 
PAL12920 
PAL 1 2930 
PAL 12940 
PAL 1 2950 
PAL 12960 
PAL 1 29 70 
PAL 12980 
PALI 2990 
PAL 13000 
PAL 1301u 
PAL 13020 
PAL 1 3030 
PAL 1 3040 
PAL 13050 
PAL 1 3060 
PAL 13070 
PAL 13080 
PAL 1 3090 
PAL 13 100 
PAL 1 3 1 10 
PAL 13 120 
PAL 13 130 
PAL 13 140 
PAL 1 3 150 
PAL 13 160 
PAL 13170 
) PAL 13180 
PAL13 190 
PAL 13200 
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IF (IOUTP . Eg. 0) GO TO 100 

PAL 132 10 


IF(NREG) LENABL (IOUTP) 3 LCTRS T 

PAL 1 3 220 


LOUT (IOUTP) -. THU E, 

PAL 1 3230 


I F ( , NOT , LCTS S T ) LOU T ( IOUTP) =. FA LS S . 

PAL 13240 


LCTRSI=,TRUE , 

PAL 13250 


LOUTP (IOUTP) = LHU F ( 1) 

PAL 13260 

C 

DETERMINE PRODUCT TERM AND EVENTUALLY SUM FOR OUTPUT KEEPING 

PAL 13 270 

c 

TRACK TO SEE IF AN XGR (EXCLUSIVE OR) HAS BEEN FOUND 

PAL 13280 


XORSUH=H 

PAL 13290 


XOR FN D= . FALSE. 

PAL 1 3 300 


I3UM=L 

PAL 13310 

c 


PAL 13320 


28 IPCTR2 = IPCTK2H 

PAL 1 3330 


IPCTR3=IPCTH3»- 1 

PAL 1 3 340 


IPCTR^IPCTR* 1 

PAL13350 

c 


PAL 13 360 


I?ROD = ii 

PAL 1 3370 


JO ILL=IL1 

PAL 13380 


CALL GETS Y H (LBUF , 1BUF , 1 , IC 1 , IL 1) 

PAL 1 3 390 


CALL MATCH (IINP, I BUF, IS YK l) 

PAL 13400 


IF (II NP. NS . 0) GO TO 4 7 

PAL 134 10 


CALL MATCH (IMATCH.IBUF, ISYM) 

PAL 1 3420 


IF (IMATC'H.NE. 12. AhD.IMATCH.NE.24) GO TO tOu 

PAL 13430 

c 

TWEEK FOR GND AND VCC IN PRODUCT LINE 

PAL 13440 


IF (IMATCH. £0. 12) I T £ 5 T = L 

PAL13450 


IF (IMATCH , EQ . 24) ITSST-H 

PAL13460 


1 1 N P 3 2 3 

PALI 3470 


LPHAS1 (23) 3 , T fi U £ , 

PAL 1 3480 


GO TO 37 

PAL 13490 


4 7 ITEST=IVSCT (IINP) 

PAL 13500 

c 

GET REGISTERED FEED 3 ACK VALUES 

PAL 135 10 


IF(NREG) GO TO 37 

PAL 13520 


CALL MATCH (IIFB, IEUF, ISYM) 

PAL 13530 


I F ( (ITYPE,EQ.B.OH.ITYP£,EQ,9,OR,irYPE,EQ,IO,OR,ITYPE,EQ,12.0R, 

PAL 13540 


1 I r Y P E , E 3 , 1 3 . OR , 1 1 Y PE , Z v' , 14) .AND, ( 1 1 F8, Ey , 17.OK.IIFB.EQ. 18. OR 

.PAL 13550 


2 IIFB, EQ, 19. OR, IIFB, EQ. 20) ) IT SST 3 I V ECTP ( II N P) 

PAL 1 3a60 


I F ( (IIYPE,E3.a,Oh,ITYPE.E3,9,OH.irtPE,Ev7.12,OR.ITY?E,E3, >3) .AND. 

PAL135/0 


1 (IIFB.EQ, 1o.Oh.IIFa.Ew.21) ) ITEST=IVECTP (IINP) 

PAL 13560 


I F ( (ITYPE. EQ, 8. OR. ITYPE. SQ. 9 .OR , IT YPE. EQ, 1 2) .AND. 

PALI 3590 


1 (IIFb.EQ. 15.0E. IIFb.EQ.22) ) IT SST 3 i V ECTP ( II h P) 

PAL 13 600 


IF( ITYPE. EQ. 6, AND. (IIFb.EQ. I‘4 .OR. IIFrf . Eu. 23) ) 

PAL136 10 


1 ITEST=IVECTP (IINP) 

PAL 13 620 


37 IF (ITEST. SQ.X.OR. 1TEST, EQ.Z) IT EST= L 

PAL 1 3 b 3 U 


I F ( ITSST .EQ. L. AND. ( LPK AS 1 (II NP) ) . AN D. ( LBUF(l)) 

PAL 1 3640 


1 , 0 R , ITEST. £3. ri. AND. ( L ?H A S 1 (II N P) ) , A ND . ( , NOT . L BU F ( 1 ) ) 

PAL 13650 


2. OR. IT ESI . Et.H. AND. (. NOT .LPHAS 1 (IINP)) . AND. ( LBUF(1)) 

P A L 1 3 660 


3. OR. ITEST. EQ. L. AND. (. NOT. LPHAS 1 (IINP) ) ,AND.(.N0T,LBUF(1)) 

PAL 1 3670 


4 ) I PR 0 D = L 

* AL 13680 

c 


PAL 13690 


IF ( (IPCTR2.E3. IPCTR 1) . AND. (LSA 1 1) ) GO TO 110 

PAL 1370C 

c 


PA L 1 3 7 1 0 


38 IF (LAND) GO TO 30 

PAL 1 3720 

c 


PALI 3730 


IF ( (IPCT32. EQ. IPCTR 1) .AND. (LSAO 1) ) GO 10 120 

PALI 3 74 0 

c 


PAL 1 3 750 
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121 IF(ISUM. EQ.L. AND. IPROD.EQ.X) ISUrt=X 

I F ( (ISUM.NE.H) .AND, IPROC, EQ.H ) ISUM=H 

CHECK FOE XOR (EXCLUSIVE OH) AND SAVE INTERMEDIATE VALUE 
IF ( . NOT , LXOS) 00 TO 3 1 
X0RSUM=1SUM 
XOHFND=.TaUE . 

ISUM=L 
GO TO 2b 

31 IF (LOR) 00 TO 28 
IPCT8 3 = 0 

IF END OF EQUATION hAS BEEN FOUND, DETERMINE FINAL SUM AND SAVE ] 

IF (.NOT . XORFND) IS TATI (IOUTP) =ISUK 

IF ( (XORFND) .AND. ( (I SUM. tv. L. AN 0 . XO 8 SUM . EQ . L) .08. 

1 (ISUB.EQ.H. AND.XORSUM. EQ.H) ) ) 1 5 T ATT (IOU TP) =L 

I F ( (XORFND) .AND, ((ISUfl. EQ.H. AND.XORSUM. EQ.L) ,08. 

1 (ISUH.EQ.L. AND. XOHSUM. EQ.H) ) ) ISTATT (IOUTP) =H 

I F ( (XORFND) , AND. (IS UM . EQ . X , 08 , XGRSUM.EQ.X) ) ISTATT (IOU TP) =X 
REGISTER DOES NOT CHANGE STATE IF NO CLOCK PULSE IS RECEIVED 
' I F ( (LCLOCK) .OS. (NREG) ) GO 10 3b 

LSAME = ( ( LCUTP (IOUTP) ). AND. ( LPH AS 1 (IOUTP) ) . OR . 

1 (. NOT, LOUT? (IOUTP) ) .AND. (.NOT. LPHAS1 (IOUTP)) ) 

IF ( IVECT? (IOUTP) . Eg. L. AND. ( LSAME) ) ISTATT (IOUTP) =L 

IF ( IVECTP (IOUTP) .EQ.H. AND. ( LSAME) ) ISTATT (IOUTP) =H 

I F ( IVECTP (IOUTP) ,EQ. L. AND. (. NOT. LSAME) ) ISTATT (IOUTP) =.4 

IF( IVECTP (IOUTP) .'Eg. H. AND. (.NOT. LSAME) ) ISTATT (IOUTP) =L 

36 N8EG=. FALSE. 

CHECK IF ALL EQUATIONS HAVE BEEN PROCESSED 3¥ COMPARING CURRENT 
LINE NUMbEH WITH FUNCTION TABLE LINE NUMbER 
IF (IDE SC. N E. 0. AND. I LI. LT.IFU NCT.AND.IL1.LT. IDESC. OR. 

1 IDESC. EQ.O. AND. IL1 .LT.IFUNCT) GO TO 27 

DETERMINE OUTPUT LOGIC VALUES 
COMPARE OUTPUTS TO SEE IF VECTOR AGREES WITH RESULTS 
DO 50 1= 1 , IMAX 
IF (. NOT. LOUT (I) ) GO TO 50 

IF (ISTATT (I) .EQ.X.AND.IVECT(I) .EQ.X) GO TO 50 
LSAME = ( ( LOUTP (I) ) . AND . ( LPH A S 1 (I ) ) . 0 R . 

1 (. NO! . LOUTP (I) ) . AND . (. NOT .LPHA5 1 (I) ) ) 

IMESS=40 

IF (ISTATT (I) . E >Q. L. AND. IVECT (I) .EQ.L, AND, (. NOT. LSAME) ) I MESS =4 1 
IF (ISTATT (I) , EQ.H. ANU. IVECT (I) .EQ.H, AND, (.NOT. LSAME) ) 1 MESS =4 2 

IF (ISTATT (I) .EQ.L, AND. IVECT (I) . EQ.H .AND. ( LSAME)) IM2SS=42 

IF (ISTATT (I) .EQ.H, AND. IVECT (I) .EQ.L, AND. ( LSAME)) IMESS=41 

I F ( ( LENA8L (I) ) . AND. IV ECT (I) . EQ.Z ) IMiSS=43 

I F ( (. NOT . LENABL (I) ) . AND, (LOUT (I) ) . AND. IVECT (I) . NE.Z ) IMESS = 44 
IF (IME5S. NE.40) LER8*,T.KUE, 


IF ( (. NOT. LERR) .AND. ((LSAll) .OR. (LSA01))) GO TO 50 
IF ( (LEHR) . AN D. ( (LSA 11) .OR, (LSAO 1) ) ) GO TO 115 

IF (IMESS. 2Q. 41) WHITE (PMS, 4 1) NVECT, (IS¥Hl(J,I) , J = 1 , 8) 

4 1 FORMAT (/ , * FUNCTION TABLE ERROR IN VECTOR 1 , 13,' PIN =',3Al, 
I ' EXPECT = H ACTUAL * L') 

IF (IMESS, EQ. 42) WRITE (PMS ,42) « V EC I , (1ST M 1 (J , I) , J= 1 , 3) 

42 FORMAT (/,' FUNCTION TABLE ERROR IN VECTOR', 13,' PIN =',BA1, 
1 ' EXPECT = L ACTUAL = H') 
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150 FORMAT l ' PRODUCT: ',13,' OF • , • EQUATION • , I 3, • 

I UNTESTED (SA 1) FAULT' ) 

IF ( (. NOT. LEhR) . AND. (LSAO 1) ) A H IT E (POF f I 5 5) I PCT R4 , 1 E Q N 1 
155 FORMAT ( ' PRODUCT: ',13,' CF ',' EQUATION ', 13, • 

1 UNTESTED ( S A 0 ) FAULT') 

IF ( (, NOT, LEHR) .AND. ((.NOl.LSAll) . AND . (. NOT . LSAO I) ) ) WRITE (POF, 67) 
b 7 FOi<MAT(/,' PASS SIMULATION') 

1 PCT 8“ I PCT R/ ( N V ECT- 1) 

I F ( ( LEHR) , A N'u , ((.NOT.LSAll) .AND, (, NUT. LSAO 1) ) ) 

INPITE (POF, 08) aERR 

68 FORMAT (/,' NUMBER OF F U NCTIO N T A IS L E ERRORS = ',I3) 

RETURN 

PRINT AN ERROR MESShGx. FOR AN UNDEFINED PIN NAME 
1U0 1LERR=ILLV4 

WRITF. (PMS, 10 1) (IfaJF (I , I) ,i- I , 3) , ILERH, (I PAGE (I,ILl),I=1 t aO) 

101 FORMAT (/, • ERROR SYMBOL = ',dAl,' IN LINE NUMBER ',13, 

1 /,' • ,30A I ,/, • THIS PIN NAME IS NOT DEFINED IN THE', 

2 ' FUNCTION TABLE PIN LIST') 

RETURN 

110 I PR GD = ii 

LSA 12*. TRUE, 

I E * N l*"Ic»yN 
I PC TR 4= I PCI R 3 
-GO TO 3 a 


1 2 C I P H 0 D = L 

LSAG2-.TRUE, 
IEQ N 1*1 EON 
IPCTR4=IPCTR 3 
GO TO '121 


115 ISAF=IS.\FM 
LERR*. FALSE. 
RETURN 

END 


PAL 1 U8b0 
PAL 14870 
PAL 14680 
PAL 14880 
PAL 14900 
PAL 14910 
PAL 14 920 
PAL 14 930 
PAL 14940 
PAL 14950 
PAL 14960 
PAL 14 970 
PAL149O0 
PAL 14990 
PAL 15000 
PAL 15010 
PAL 16020 
PAL 15030 
PAL 1 :> 04 0 
PAL 15050 
PAL 15060 
PAL 150 70 
P A L 1 5 0 6 0 
PAL 1509 0 
PAL 15 100 
PAL 15 110 
PAL 1b 120 
PAL 15 130 
PAL 15 !'4 j 
PAL 15 150 
PAL 15 IbO 
PALIS 170 
P A L 15 1 8 0 
PAL 15 190 
PAL 1 5200 
PAL 152 10 
PAL 1522J 
PAL 152 3 0 
PAL 1524 0 
PAL 15250 
PAL 15260 
PAL 15270 
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Logic Diagram PAL10H8 

INPUTS (0-31) 


0 1 7 3 4 6 8 9 12 13 1( 1 7 7021 2425 2829 3031 
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PRODUCT TERMS (0-63) 



24-108 




24-109 


PAL Design 







PAL Design 



24-110 










24-111 


PAL Design 





PRODUCT TERMS (0-63) 
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PRODUCT TERMS (0-63) 


Logic Diagram PAL16C1 


INPUTS (0-31) 


0 12 3 0 5 6 7 I 9 ion 12111415 111711 <■ 2021222) 24252127 21293031 



I I II II II II II I II I I I II I III II II I T I 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 1718 19 2021 2223 24252627 28293031 
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Logic Diagram PAL16L8 


INPUTS (0-31) 
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PRODUCT TERMS (0-63) 
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Logic Diagram PAL16R6 



24-118 



PRODUCT TERMS (0-63) 
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laaaaaaBaBaBaBaaBBBBaBaaaaHaaaMaaaHaaai 

|BBBBBBBBBaBBBBMBBBMBBBMBBBMBBBBBBBBl 

aiaaaaaaBBaaaaiBiaaaaaaaaaaBHaaaaiaaa 

BiflmiHiBaaaiiiMiaiHiiBHBiaaiBi 

IIIIBIIIBIIIfllllBIIIBIIIfllllBM 

kbsbssksbskbkssshsshbbs 




■■BMBBBI 

BBBBBBB 


IBBBBBBBBaBBBBI 

laaaaM aaa aaaaa 

■■BniBH 


■KlIlBIIIBIIIBIIIBIIIBIIIfllllBIIII 
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PAL Design 


Logic Diagram DMPAL16L6 

Inputs (0-39) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 16 17 20 21 24 25 28 29 30 31 32 33 34 35 36 37 38 39 
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Logic Diagram 


DMPAL18L4 


Inputs (0-39) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 20 21 24 25 28 27 28 29 30 31 32 33 34 35 36 37 38 39 






IBMBBB 



BBBHMBBBBBBBHBBBB^^M 

IIIBIIIBIIIBIIlH 


IBMBBBBBBI 


■■■■■■■I 


BBflMBflBHBBaaHBB 

||bhbbbhbbbhbbbBHHH 

MBB 










III I I I I II II 

9 10 11 12 13 14 15 16 17 20 21 


I I I I I I I I I I I I I I I I 

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
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PAL Design 


Logic Diagram 


DMPAL20L2 


Inputs (0-39) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
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Logic Diagram 


DMPAL20X10 


Inputs (0-39) 


0123 4567 B 9 10 11 12131415 1617 1819 20212223 24 252627 23293031 32333435 36373839 


PMBBBBBBMBBMBBBHBBBMBBflBMBflMBBBHBBBMBBBI 

MilBIIIBIIIfllllBIIIBIIIBIIIBIIIBIIIfllll 

ilKfHBBBHBBBHBBBBUBBBMBBBBHBBMBBBBHBBBHBB 

nSiiiilHiiiiiiiiiiiiiBiiniiiiiiiBiii 

BHHBHIB|HHBBHiBBBHIBBBMBBBBlBBBMBBBBiBBBHBBB 
^^■■ ■■■■BBlBlBBBBWBBBMBBBBiBBBBiBBBBiBBB 

■BBIBIIIBIIIBIIIfllllBIIIBIIIBIIIfllll 

iiii5l||BBBBBHBBBHflBBHiBBBBiBBMflBBHBBBHiBBB! 

iiiibiIIbiiibiiiiiiibiiibiiiiiiiiiiiiiii 

IBBBHBBBBBBflMBBMBBBBflBHBBflBHflBBMBBflBBBBI 

iiilM HHBHmWWWHWHWnHBBB 

~BBBBHBBBHBBBHBBBHBBBHBBflHBBBHBBBHBBfl 

■lllB||IBIIIBIIIBIIIBIIIBIIIBIIIBIII 
nnininHiiiifliiiBiiifliiifliiiBiiiBiii 

■BBHHBUlIBBIBBIfllHIBIBIIfllflflBBIBI 


jBBBHBBBHBBBHBBBHBBBBIBBBHflBflHBBBHBBBHBII 

lllfllllBIIIB||MIIBIIIBIIIfllllBIIIBIII 

IIIBIIlfllllfllllBIIIBIIIBIIIfllllBIIIBIII 

IflBBBBBBBIBBBBBBBBBBBBBBBIBBBBBBBBBBBBBBB 

BililillBlinillMIIHIIIHIIIMinilHIII 

■■■■iBHiBBBHBBBHBBBHiBBBaiBBBMBBBHBBBHBflB 

^■iBIIIBIIIBMfllllfllllBIIIBIIIfllll 
gllliillBIIIBIIIBlIlBIIIBIIIBIIIBIIIBIII 

|BBBHBBBHBBBHBflBBHBBHBBBHBflBHBBBBHBBBHBB 
liMiBBMBBBIBBBIBBBMBBBIBBBWBBB 

^^^^HBHRIBIIIBIIIBIIIBIII 

^^^^■ilMIlillinniHBBBHBBBBBflBliBBB 

IIIIBIIIBIIIBIIIBIIIBlIlBIIIBIIIBIIIBIII 

|BBBHBBBBMBBHBBBBHBBBHBBMBBBMBBBHBBBHBflBl 

|BBBBiBBBBIBBBBiBflBHBflBBiflBBMB||BiBBBfliBflBHflBBI 

IIIBIIIBIIIBIIIBIIIBIIIBlilBIIIBIIIBIII 

IBBBBMBBMMBMBBBMBBBBMBBBMMBBBBBBHBBBHBBB! 

[■■■■■■■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■■■■I 

BMBHBMBHHflilBBIHBIBBBBBBBBBB 

^■^^■■HllfllllfllllfllllBIII 

IBBBMBflBBBflflBBBBHBBBBiflBBBiBflflBil(|HflBBHBBB 

IHIfllllBIIIBIIIBIIIfllllBlllfllllfllllBIII 

IBBBHBBBHBBBBIBBBMBBflBBBBBiBBflBiflflBBiBBBHflflB 


IBBIBI 


'^■BB 



IBIII 


IIIIBIIIBIIIBIIUIIIBliiiillfllllBlllfllll 

flBflMBBHBBBHBBBMBBBBBBMBBHflBBBBBBMBB 

IflBflaflBBBBBflBBflflBBflflBBBBBBBBBBiflflBBBflflBflBB 

IIIIBIHBIIIBIIIBIIIBIIIBIHBHIBIIIBljl 


II I l I I l I l i i i i i i i i i i i i | | | | | | | | | | | | | | i till 

0123 4567 8 9 10 11 12 1314 15 1617 1819 20212223 24 252627 28293031 3233 34 35 36373839 
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Product Terms (0-79) 


Logic Diagram 


DMPAL 20 X 8 


Inputs (0-39) 

0123 4567 > 9 1011 12131415 16171S19 20212223 24 252527 21293031 323334 35 36373339 



- 

bttJd 

-- 

— 

--i 

- 



- 




- 

] 




BBfliB 










BBBBB 


BBBBBBBBBBBBBK 

— 

B 

BBBB 

BB 

■ 

BBB 


B 

■ ■i 

B 



[!iimiiiiiiiiiiiiiiiiini 

■■■■■■■■■■■I !■ ■■■■■■■■! I 

illlllllllllllllllllllllll 

jjjiiiiiiiiiiiiiiiiiiiiii 

MjwilllllllllHllllllM 

iHigiMiiHiiiniiHniniii 


■m 

BHBBI 

■Ill 


lllll 

■■■■■I 



l!|lll■lll■lll■lll■lll■llllllll 

■■HBBHBBflMBflflHBBBHBBBHBBBBHUM 

■iM mM iiMiiHiiMiMii 

HiiBBiBiaBiiBiaaaBiiaaBiBBH 


ll■lll■lll■lll■ 


IBBBI 




IBIBBBHBBBHBI 


BBBiBBI 


■llll 

iiiii 


IBBBM 3 BBBBMBBBHBBHBBBHBBBHBBBMBBBHBBBMBBBI 


llll■lll■lll■lll■lll■lll■ 

IBBBBIflBBaBBBHBBBHBBBBIBBBH 

buhiimhmiihimiih 

IBBBnBBHBBBMBBBIBBBHBBHH 

llll■lllllll■lllllll■lll■ 

IBBBBIBBBHBBBflBBBMBBBHBBBBi 


llll 

■■■IB 

llll 


III! 


■Ill 

iiii 

■BBB 

■III 

iiii 



pi 

B 

B 

BfliBBB 

■ 

a 

BB 


BBBB 

B 

B 

IH 

B 

BIB 


B 

BBIBBBBB 

BBBB 

BBB 


B 

B 

BMBBB 


BBB 


B 

B 

BB 

B 

BBBI 

B 

flflBi 


BBBBBBBBBBBB 

IIB 


B 

B 

BBIBI 


B 

BB 

■ 

B 

B 

BB 

B 

B 

BB 

B 

BBB 


B 

BBBBBBB 

BBBB 

BBBB 


llll■lll■lll■lllllll■lll■ 


it i i iiii iiii iiii iiii iiii iiii iiii iiii iiii 

0123 4567 6 9 1011 12131415 1617 1819 20212223 24 252627 28293031 323334 35 36373839 
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Logic Diagram 


DMPAL20X4 


Inputs (0-39) 

0123 4567 8 9 10 11 12131415 16171819 20212223 24 252627 28293031 323334 35 36373839 


III 


III 

Ill 


III 

III 

III 

III 




■■■■■■■■■ 


(■■■I 


■■■■I 


■IIIB 


II 


■■III 



■■■■■I 


III 




Hill 


iiiiIIiii 


■■■■■ll 


■l■■■■■l■l■l■ 


ss 


I 


■Ml 


■■■I 


D 


IB 


m 


■■■■ 


i 


■Mill 


■Mill 



1 


BIIIBII 

■SUSP 


I II I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I 

0123 4567 6 9 1011 12 1314 15 16171819 20212223 24 252627 28 293031 323334 35 36373839 
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PAL LOGIC DIAGRAMS 
AND 

PROGRAMMING FORMAT 
CODING SHEETS 
FOR PAL 20 SERIES 


24 
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PAL Design 


INPUTS (0-31) 


• 12 3 « § t 7 II 10 11 12131411 II 17 II II 20 21 22 23 24 25 71 2? 21 21 30 31 



LEGEND: • :Phantom Fuse (L, N, O) II!:Phanton Fuse (H, P, 1) n.u.— not used 


FIGURE 3-32. Logic Diagram, PAL10H8. 
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PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


ig^twjHKM WiKi nmffiwiMCTraii wniramri ni iCTim nni mniiniTiiCTninairiinira i 

MM BB 

ItMi ElBIBlBIEltaEIBI tnniBi iii mRiinCTiTiniiiiraniititnraimiiiitnniininnitTi l 

■BiaiHgMMiaai«as 

l^^tEHnigtBIIliaBlBlBlEgEgBliBiBililitEiEHBgiCTBliaEaiBlBIBlCTBlEiEaBaBlEal 


■iiiiniinnnnn 
pnnninaivniinnH 
MiiHHnnnnnnHn 



W ! .nnmnn 

niinmnn 
■■■nnniinnnnnn 
■uiaHiaiaiaiaiaiaiamauii 

laBaiaiaBiiaBaBnaiaiaBiiBaBil 

■inniinnnnnnnnnn 
IhbbbbbbbbbbbbI 
JnininiiiiniminHiinH 
aaaiinaDniiBBiinnn 


■iBraminiiwraiiraniraniFiiinnriiinnraiiiinnraraniiraniii 
■BnBnBnnnnnnnnnnBnnnBnnnnnnnnnnnn 


iBBBBBBBBBBBBBBBBBBBBBBBBBnsfiBBBBBl 

HBBBBS3BBBSSI!S3BBBBBBBl3BBR||S8i8B8SliS8&8H 


iTZ^riJCTi^ra mrarrir^rrir^i^rnrqF^pirq rTanirgirn rri rarri rTi rTiffFirnrrii^ii^irTaiTTi l 

HBBBBBBBBBnBBBBBflBBBBflBBnBBBBBIlBBl 

Winn 

oi;i'jiiiUiniBiRiitif?ininiif mnir?iminniin iiininiiiiiiii]i«)«i?iniininmiini:nii l 

MannnBBHBBBHBUBBUBnnnBBnBiiiBnnBnnMMl 
bibs ii nnflBBBP p :bb 


win! mm inniinn wi 

USSnnnrararararannranirararararararaBraniranninirara! 

i3IS!S!S!Si3il!9 |1| llE9l5!9 I1| !l in <BBBBBnBBBBBBBBi 

iBflflBflBflflBflBflBBBBBBBBflBBflflBflBBfll 


■■■■■■□□■■□GiHHCiraHcirauciraHramMu 
■■■■■■■EiE»HciE«QraBiEiraHraOHK3Kannl 

p HIE , IB S SlilBnirailBffDEmMifliEi 00 


ICICll 


immi 


mm i 


immi 


immi 


■■■■■■mmHmmBimmnmmnmBnmmniH 

■■■■■■□□■■□□■■mnOElBiElQBHElIilBBBB 

BBBBBBmmBBmmBBmmBBmmmimmsBmBBBB 


Sm3BmiHlgBIHlimtEBD33irain3irggniII3DMIEDgaiiaiB3IHltEBIB]iB]iEBBHiEBiB3IEaiB31B3IB9mgimiHa 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 


BBBBBBBBBDBBBBBBliilBBBlIBBBBBBBiaBB 


■BBBBBBBBBBBBBBBBBBBBBBBBBBBBnBBB 

^^giE3IIiHffliBHlHnaiB3IBHBlIB][B3DlHEaiHDEEHBaBEHHIIlBiBlilBliaiiaiiailEnaiiniB31ia[HgDHlIial 


ililiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 


UMHHhhhHHHHHHHBBBIMBBMBBBBBBBBbI 


I^^ IEBIianBnBIIIliIiHnaiiaE3iEDn33nTl ffiHIE 3tEBIEaiEEl iEgiiHIEElElBBiEBIEaiEI31IEI[B3El[EHE3[BllBa l 

HnnQiinililiinoiinnnnBnnnnnnnnnnnnnnnn 


°4 

61 

°3 

53 

Oj 

45 

0, 

'37 


MBBiMBSBBBBBBBBBBBBBBBBBBBBBBBBBB 

■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

^^ naiHiiEBimnaiBatEaiHitmiBiiHaiBDnBiBaiBiiHaiiiioiEDiEBniBniBiiiHinaniHnjioniaBinniBniHniHiEiiEBl 

BIBnDBHBDHDODHHHBDDBIlHHHHDianBiaHBnia 
■naaDDnDDBaDDBDaanDBDBBigDBnaDBiaBia 
■»liSBDnnnBODaDaBBgaBnQBDDDigBnBDnEg 


EiiiaiiiiiiaDSiiaimniiimiiHnsnsnEiiianaimEniiiiiimiiEiQiDiiiiansiEinEinsanniiniaiiiiinaiial 

l!3!SiSiSISiSili9ill5lli9S n Snnnnnnnnnnnninnnnn 

■ISI5!S!5ISiSiS!SiSlllSiS nnnnnn n n nnpinmnnnnninnl 

Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 


2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-33. Programming \Format Sheet, PAL10H8. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


9 10 11 12 13 14 15 16 17 18' 19 20 21 22 23 24 25 26 27 28 29 30 31 


EEagon npqnnnnnnnnnnnmmraramrammmEianina»gBHB 

^■=ssBS==s:i::::=s;i:;;:=Bi!:ii;ss;i:i!=sss=H 

■iiii:ibbi;iiiibhi:ii:ihbiiii;ihhhh3I ■ 
■■rararaEiomioRiciraciciEinciracimRiciRinnRiEiRiciciRiRi 

I MBBBBBBBBBBi:ilIlBBrn:iBBi:ii;iBBi:il!IBBBBBBBM 

iroiniinigiinniiiiitiniminniintTiiTiiinimniniBiBiniBiRiniigBiHiHiiaBiiiBBi 


I rmimnirgni mniRinininriniiTumninpiiiiBiBunBuiiintn inmm iniTiBiiTi 

■Hnunnnnnnnnnnnnnnniinnniinnnnnnnnin 
laimiauuiauuHuiaiauiuiiiuHHUunnuunHHHnnii 

bbbbbbbbbbi;h;ibbi:ii:!bbi:ii;ibbi:ii:ibbbbbbbb 

[EEiaa EiniigggEgBgia ia tgEaBiiiiigiiiiiiiiiiiiiiniaEgiaiaEiaigBagaEEiigiaEaPEa 

HiauuiiHnuunuiuiuMmiHnniunnniinnmiHnNn 
lunuiimnnniiianniiinniinDinKiiDHlaiiiiiiHiiinnBnn 

|i'jo ; T.irTi fTii>i>i.iitii«rriiTimrrimrFimniiKTiKTirTirTirTirrirnrrirrii7jiiirnnimmiijnir7a 

HnnuHUHUuuuHULinHHnni«niii«nnianHnL9Hnn 
nuuiaiiiauiiiaiaianuHuuKaiiiaiaiaHiiniiHiiniaHiaia 
DiiiauuiiiaiaiaiiiiuiiBiiuigiiiaiaiiiaiaiaDHiaiiiaiiiiia 

■luiuuiEiuiuiEiuuiuijiJiJi:iijiiiuiiiuiauii»uEiiaciuviEiuui:i 
l^^l ElElBlElEHgE3BlElElB3ElE3C3ElElCaElEElIigEaiigE3EIEaEaEaE3CaE3ClEI 

^HlllHHWBiUUUlHHiaillllHiHHIBIiliMBUlHHLlH IlHH 

laniannuuuiuiiiaHHniiLiuniinnnnHinniiiHniMii 

iM BiPiniBininiiaBiiginRiinianiiignininiinigiainniininmininiaBiiiaial 

■^■1 laiauHiiiiiauviaiauui nuianiiiaiam nnnHHnniinnnial 
mH HHHHIili»8HHH»iHHHHniHaBliHHI8lili HHHHffl 
■nnHiiniiiaHHiaiaDiBiiiaigHniaDnHBnniiHHHM 
■^niaraHiaraiaiauoraraDraiDDiannrarannnraciciniDD 

I^^IEQIQliEBDiBIEQIESI^IEQIEOIEQIininOEEQD^EEaiEailEimaBIIBlIiaDBinaaBIIDlIBaQaElilQaElDDaDD 

BB BBBBBBBBi:ililBBi:iLIBBIIIi;iBBi:HIIBBBI B ■ 

IppqqqpqqqBUiiiqpiiHiiqpiiiLiqpiJKiiqqq 

^HiBBBBBBBBLIUBBIIlIIIBBML'IBBIIllJBBB^^^H 

■MCBRTHniEiniiniKIRIRUnRIlIlillllimilKMnCIKIKIKIKIKIKICl KIKICHaCll 

■BBflBBBBBBi;ii:iflBi:]i:iBBi:ii:iBBi:ii:iBBtBIMBBH 

Sbbbbbbbbli ii ii a apiaipB«aiu«BH 

B^S SSgBIEBffagggHIIBlIHggiEagBIEimiEaiBltEBICTIEBlEai^iEBIEEliBilBlIBlIBaSSSnEaSI 

■BBBBBBBK imUBBIIUBBUUBBULlBBBBBBBd 

luiniBiiiaiaiaiaigiaia n 

■InuHUHHUiiuuiaupiHiiiaiannNNHUHiaiaHiaHUHH 

■ ^^oiHuminEuiiiiDciuuiauinuudrjdumnuumunirjci 

■PBBBBBBBBi:ii:iBBru:iBBi;iniBBrii:iBBBBBBBB 

uiaiauiBUiiiuiBnuiiaHBiauiuiHUiuuiHuuuiiiMuiHnu 

[ E55EllEMIBiniElllDIIilEI IBI BIB3 llllEil[H MiBlBBIBI IBHEBIlBIBIIEHBIIMB3IE3IB3IBlEi 

■HiiiBiiaiJviBiiiiuiiJiiiiiiiJciraiiiraciiiiviBiuiiiGiviiiiiauiiiiiauiaiu 
lauiaiaiaiaiauiaiaiiiauHiaiaiiuiiiiiiDiaiaiauiaiauiiiaia 
uiauiiiiuuiiuiiuniaiiHiaiiiauiiuiiniiunianuiauii 
■DMaDDDDDniiiiiiiaiaiaDiaDiiiaiaiaDiaBnianDiaiais 

EnDIQ] IBI IIS DZIIES D31 EQ1 101(03 EEC EDD DISOMIES Dll EEIDIED EES EES EEQ EES QiniESEEOlIiDiEn DID D1I3EEI3 Dill EEEI 

HiaiaHiauiauiauiiiiiai9iii9i9uiauiiuiaiai9iiiiimuiai9 
uuHHHuuiauuiaiiiiuiiiaiauiaHuunuiaauiauuiaH 

■ liaiiiaiauuuiaigHUDiiuiaiiHuiaiaEiiauiaiauuiauuiaia 

uouuDuuiauuiiHiiiauuiaiiuuiiDiiHiauHHiaiiBii 
nuunnBBHnuHHUDHUHBnHOUHaHUuuBnoia 
■nUUHUHUHUBIIUHBHDHnHDUBUBUHHniinnH 

|>',w;i.iti4']iuitTOinnn?iiranrin?iff4:i»tirm[mnTiinninni^miininy]mniitini.itmiTOEminnniEinnaimumnn 
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PRODUCT TERMS (0-63) 


INPUTS (0-31) 


5 I 7 8 9 10 H 12 13 14 IS IS 17 18 19 





■■■■■■■MIIHIIB Mil 

I - .» m « 




■■iM!iiRi!iiiiaiiniii 

»■■■■ ■■■— bbbbbi;; :;■■■■■■■■■■■■ 


lfVV«VVT*Vff**Vf 


><•♦♦♦ ■»! »■ 44»^4»4 


■aaBBBBMaaaaBBi;;>;»ai;; ;;■■■■■ 

■ff ♦ 4 I ♦ > ♦■♦♦♦< 


►♦ 4 - 4 ^ 4 44 


■HMBumc Ml. 

■aaaHaBBHaaaaaai::::Mi::::B»BB! 

::: 

(•VVWBaaWBBBWBVVWVVVWBVV 


M4*a«««a«Ma»Ma«i»a*HaMMi»M 
BB > 4 »» ♦♦»»»»» 

aMaaMMaHaMaMaMa^* 


lll■lll■lll■lP■!■i■ 

aBBaaiBaBBBBBBK :;aBi:::aBBBaaBaaBBBl 
|BHBBBMUiflBHBi:::»Bi:::»aBBBBBBBBBBBBI 
■aaaiBaBBBaii::::Bii::::aiBBaBBaaBaii 

H44a44«a4«4«ma4«4a«*«at»»a4*^ 
|444a444a444«44«a44t2444*4t44Bttt 

miiiEiii 


»^e;c:«»::o :a »:;o:? ;:a;» : KKsa::::::::a^:K 

B; jjjjgjjijjfj jij jy jj ** VI 

I! i jHijj •> j i^ 5 *s ».»*. **i 
B»Ilf Wilf !!!!!!■!! ■»!■* 2*f 



R||l!Klllfflllfl 

■:: i ::::::b::::::::b'.::: 

K;a7:»:m;»xa;Bx:;-::i 
■amgaaiceaaag TOWji 

m^%xc»::aai 


MHBKiiaiiiaiiiBiiiBiiiliiiliiiiiii 

StaHiiiBnnnmiimininnMii 



2 3 4 5 6 7 I 9 10 11 12131415 IS 17 10 19 20 21 22 23 24 2526 27 71 29 303 


LEGEND: • :Phantom Fuse (L, N, 0) □rPhanton Fuse (H, P, 1) n.u.— not used 


FIGURE 3-36. Logic Diagram, PAL14H4. 


24-138 



DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


2 ] 4 5 S 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30 31 


Mggg5S5BB3HB5B™ESBm™BBBBBBBEBBB 

■ cicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicici 
ci cunmin mci m ci ci m ci mcnnc] in in ciciciciminciciinincicicici 

^^g B!BiraBlBira EiBlBlBlBlBiraB3BiBaBaBliaBliaiHIBaBlEIliaiatgiaiI3taili 

I I 555555 raraEl™™BraBisii 5 Eii 3 raBSS 55555 SB 55 

^Mcicicicicicicicicicicicicicicicicicicicicicicicicicicicicicicici 

^^^DlDl DlggigEI DlEg DlEg i!l Elt3D!liEIEa B1BlBlBIBl EaBlBlBl BlEGiBIl ^EElEiEl 

I SBBBBBBraliiBBSraraiBmraBSBSSBBBBcSciS 

^■cn;ii:ii:ii:ii:ici(:ii:ir.ii:ii;ii;iinci[;iincii;i[ni;icii:irir.ii:ii:icii:ii:icii:i 

I ranaminiaiKixiiKiiiiii nnniniii mEummfnmmmmfafnmmmfammEavMm 


■:iriciciininciciciinciciininriciciciciciincii:ii:icicii:ii:icicii:ii:i 

■ I (11(11(11 (11 111 111 111 (11 (llliMJRJ (11(1111! (IKIlEUdl (11(11 III Cl (11 III 111 (11 (11 (11 (11 (Kill 

|ivi«i:i»i rrini iTi iTiiTiiTi ii<iijrriiTinirTi rTjrni>;i«i:i^iTi iTi nirTirFirrirrini»:i:ii'iin!irrirniriTirfifTi 

■^^■^■■■^^■^^■i^^HHiaiiiaiiiaiauiiiiaii 


InDDiinHaDniaHoiiniiiiiaiaiiiaDKKaiqo 


■■■■MHHBHBHHBBHBBHBaiSiaiiiaiaia 

^■mcim(ii(nmm(nm(nmmmm(n(nmmm(nmmmm(nmcimin(i]iiii!]l 

li.v.i;i»i iTirnrnrn»TirTi rri rTifTifTirTi ri mrTnmrT3mniiTinim»niurain inmiiiinm mrTa l 

HiqiiiqiiMniiiiiiiiHiauuniqiiiKiuiqiiiiiiiiiiiiiuiiiiiii 
liiiiiiHiaHiiniiiinnnniiniiiiniiDiiinnuiHMiauniiul 


IrHj'i rrirTirat^rnrarnrarniTirnrTiFiirTiririrTiriirtirfiiiiiiririnirn riiriiirrirririiiriiiiiil 

■■maiaiaianiKaiiiiiaiammiiaiiiiiiiaiauiiiiiiiiaiaiaiiiiiiia 
nianiiiqiiiqiinnnnnnnniqniinnnnnnnnnninnn 
liiiciiiiiii iiiiiKH in ci in in in (uci in ci in in [ncicicidi in in cl (iici (ii(ii(K ci I 

111(11111 IIIIIIIIKIIIII I1II11IIIII1I11I11III (lllllllllll in in in 111 I11C1CIC1 in in in in in I 
ICEinii EiBiBiBiBiiaiia(oiiiEio3EEi(ii(iiEiEi(iiBi(aBi(aia(oiaBai2iBJCBi(aiii(iiia| 
■■iiiannniinnnnniinnnnnnnniiinNnnnnniaiiiiii 
nniinnnnnniinnnnnnHnHHHnHUHHiinnniiu 
lr.iriiiiiiiiiiiiiiiii:iiiiiiiiiii;iiiiciiiiiiiiiii:iiiii;iiiiiiii;iiiiiiii;iiiiiii(iiiii(iiiii| 
^^Hciinciciciciciciinciinciciciciciciinciciciciciciciiiicicicicicicil 

irT^n^irntran^FTTiiTintTTifrTitTTirrTifTOfTTifr^n^rTiTirriTjmimi tiTimntTTitmnntmiiTinn imiiTiiiT'jiiT'iimtiTjl 

(■iHClCIClClCl IK IK IK Cl Cl Cl IK Cl Cl Cl Cl Cl Cl Cl IK Cl IK IK IK Cl IK IK Cl Cl IK Cl Cl I 

IiKCIIKIKIKC1IK(K(KC1IKC1CICICIC1C1C1C1CIC1C1C1C1C1C1C1CIIKC11KIK| 


I IK Cl I 
ICICI I 


IC1C1I 

IIKIKI 


l ivCT.| [friFFn rF7ii77ii>7iffi9rmrfn[fnmi[F7^ffrirTn[T7i3rmrn3rmrmiki]i8HrRirmrmrmrmnrri tTn rrnrmrrFii8iiikii | 


I Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl (K 
ICICICIIKCICIIKCICICIIK 


Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl IK Cl Cl Cl Cl Cl (KCI1K Cl I 
Cl IK Cl Cl Cl Cl Cl Cl Cl Cl Cl IK Cl Cl Cl Cl Cl Cl Cl Cl Cl I 


HCICII 
I ■ICICI I 


ICICI I 
IIKIKI 


liaadJ KHligitHlMBBltliillMllHu^ittifratnnirw irTTiirTatrn n^imiwiwiiraira imiran^ira tmii-riiPTiiinnrenmal 

(KC1 Cl Cl Cl Cl Cl Cl Cl C1C1 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl C1C1 Cl IK Cl Cl I 
cl ci IK ik in ci Cl ci cii:iiKn mTiri cicincicicnKi:icici iK iKiKr.ii:ii:ii:il 


IIKIKI 

IIKIKI 


IC1C1I 

IIKIKI 




ICICIIKCICICICICICICICICICICICICIIKIKCICICICICICICICICIIKIKIKCIIK 


I Cl Cl I 
IIKIKI 


IIKIKI 

IIKIKI 


—1 II 11 II II I^' CICICICICICICICICICICICICICIIKCICIIKIKCICICIIKCICICII 



Cl Cl Cl Cl 


(11 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl IK Cl Cl Cl Cl Cl Cl IK 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnunM 
■nnnnnnnnnnnnnnnnianniannnnniuinnniin 

iviti : i.itm iiii ».wmnniiiratmn;>Hr:iitmtm[m[m[r^n^n^nnTiiiiiihHnTi[rTiirntrnnii[rTiirn trn trri»:Hii:rii trntrn 

■HCICICICICICICICICICICICICICICICICICICICICICICIIKIKCICIIKIKCICIIK 
C1C1 Cl (K Cl C1C1C1 Cl Cl Cl Cl Cl Cl Cl IK Cl Cl Cl Cl Cl IK IK Cl (K IK Cl Cl Cl IK Cl IK 

nnnnnnnnminunnnniiHnnniiuHHiiniiiiiiiiii 
■iinnnnnnnnnnnnnnnnnnnnniiminiiiiiniiin 

■■IKClIKClCICIClIKClCICICICICICICICICICICICICIClIKClCIClmCICICIC] 
Cl C1C1C1 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl IK Cl Cl Cl Cl Cl Cl Cl Cl (Kill C1C1C1C1 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

r,’/.]:i.iiuiium^tnnntiiH.iiTnn ^ i»iiHinfirmn7iHTniTmii9[T7iimn^rmiifnu.4nninnh;Hiii kmtm [m[m nnni3 

IC1C1C1C1C1C1C1C1C1C1C1C1C1C1C1C1C1C1C1C1CIC1C1C1C1C1C1C1C1C1C1C1 
■illKClCIClClCKKIKCKKOlClClClClClClClCIClClIKClClClClCIClClCIIK 


[iiniinDinnnnnnnnniiiinnnnnnnnnnninnniaial 


7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-37. Programming Format Sheet, PAL14H4. 
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PRODUCT TERMS (0-63) 



FIGURE 3-38. Logic Diagram, PAL16H2. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


8 9 10 11 12 13 14 15 16 17 18 t9 20 21 22 23 24 25 26 27 28 29 30 31 


tMa niinnnniinniannnnnnmnimmniniiiininimnunimnmni 


I^HgdrororaioraEirarararaioraEiiEiEiiiiinEiEiiEiEiEiEiiiiiiiiniiiiminiiHEi 

I l riririn nnninrinnmniinfnnnninriHnnriiTiiTiinriniTiiniTi 
^MaiiiiiiciniinininiTunniTlriininiTunninniniTunininininninrinnM 
^■inininrainininininininininininininininininininininininininininiiV 

[IT^DligigDltaigDaiaDliaD 3 D 3 CiaEJDiCTElBBBlBlEaEIBaBlE 3 EaE 3 EaEiEilElCTl 

^MmmrirminmmniririninininniniinrainminciiTiriiHfnriniriminl 
^Mi:ii:n:i i:i i:ii:irnTir:ii!iiTiiTif!ii:uTiiiiiiii:niiriiiirn:n:ii!iiMiiii:ii:Tii:H:M 

■ i:ii:ir.ii:ii:ii;iriinnirji:inHnnii;ini[iininirnniinmriini:ii:ii:ii:ii:ii:ii:i 
i:ii;ii:ii:ii:ii:ii:iinini:ii:ii:ii:iininininininrii:ii:iini:iinininininriini:i 
■ li;ii:ii:ii:ii:ii;ii;ii:ir.irt’:»iir.ir.ir.ii:ii:ii:ir.ii:ir.ii:ii:ii:ii:ii:ir.ii:ir.ii;ir.ii:i 

lEagciiniaiaiiiia Da in niiiiniiiiEaciitii 0 m m ramm EamnaEUEommEaEiiiiiEi] 

I lmmnm rininin ninnim mmmm mnnin nnrnn mmmm in in in in 
Irnininrnrniiiniinrjmcinir.inriininiTiininririniininininininininin 
^■mmmmmrunmmmmmmmmmmrimmmmminmmmmminmm 

|i'.'z«i;Mmnirn mm n.<rnminfnm m »n>n mni ii.iiiiin mniiMminii irriirimmmmm 

minmm minr.iin nn:ii:n:i mmmmmmmm r.imnr.i r.iminm minmm 
mu imi immmmin 

^■U:ii:nni:nni:ir.ii;ii:ii;ii; 3 i:nni;ir.iinini:ii:ii:imi:imr.iini:iini:imi:ii:iin 

I r^^ rrirTiiTirnRirnrrirnrrirTinnrTir^rTirTirTirriiTirTiiTimriirrirTiriiriirTirTiri^rFiriirTi 

I ininiiiininiiiniiiiiniiiiniiiiiiiiiininciiiiniriiiiiiiciininriETiiTiniiTiniin 
lin ininin ininnimininin inmininminm in [nciinniin 1:1 nn:ii:i 1 : 11 : 11 : 11:1 
^Mr.ir.ii:ii:ii:ii:n:ii:ii;ii:ir.ir.ii:ii:ir.ii:ii:ii:ii:ii;ir.ii:ii:ii:ii:ii:ii:ir.ii:ii:ii:ii:i 

iK7^ i*im i*ii*iMi raiTimnii*iHH iin«yirana iiinif?imiini«iw ini niiTi iri iriiri nini 

I l inin nimminnimininriininiiiininniriniriinininKiininciininiTirjin 
li:ii:ii:u:i 1 : 11 : 11 : 11 : 1 1 : 11 : 1 1:1 in 1 : 11 : 11 : 11:1 i:ii:n:ii:ii:ii:ii:ii:ii:ii:ii:n:i 1 : 11 : 11 : 11:1 
^■ininininininmininminininininininininininininininininininininin 
I^^^iEIOEQlEEBEIDOlEaimima^EEIlIMininEma^IIimEEailiailQEmilBilElilOKIBaBIIElIIBEiBilOaQQaBIlIDEXBKIB 

^^■i:n:n:n:ii:n:ii:ii:ii:ii:ii:n:ii:n:iiinin:niii:ii:i»:ii:ii:ii:n:n:ii:ii:n:ii:n:ii:i 
i:ii:ii:ii:ii:n:ii:ii:]i:ii:ii:ii:i 1 : 11 : 11 : 11 : 1 1 : 11 : 11 : 11 : 11 : 11 : 11 : 11 : 1 1 : 11 : 11 : 11 : 1 1 : 11 : 11 : 11:1 

HSSSSSSSSBHHHBHHHljH HHSSB SSSSS BB HB 

I ^^■■:iinr.ii:ii:ii;imr.inii:i 1 : 11 : 11 : 1 1:1 innii:ir.n:ii:ii:i»iiKii:ii:ii:iriim:n:ii;ii;i 
Ii;ii:h;ii;ii;ii:ii:ii:h:h:h:u:h:ii:ii;ik;ii:ii:h:h:h:ii;ii:ii;ii:h:ii;ii:h:ii:iku:i 
li:]i:ii:ii:ii:ii:irji:ii:ii:ii:ii:ii:ii:ii:ii:ii:ii:iinini:iin(:ii:ii:ii:ii:ii:ii:ii:ii:ii:i 

|ia^a OMIinoaKgUJ] »t^fnirroit;iitnrrrirtn[tTiiitTiiirT 4 riTinTnitTirraimfmiraiTn iTTiitTiirn nTittTittTiiii.i'iii.ijm 3 

I ^M;ii:ii:ii:ii:ii:ii:ii;i(:ii;ii:ii:ii;ii:n:i[:ii:ii;ii;ii:ii;ir.ii:ii:imi:ii:ii;ii:ii:ir.ir.i 

ioimn imnciin 

^^a aia cjHjagHnHHaHag BBjlHHHHHHBHHHHBEi 

i^^g ^ iHinBnB PaiEatEa iiBnBnaaBiiiinaiBgnBnanEiinBHiiH maPHgDiiHiiriDBii iniEB DEBEBJgHflHa 

I— mil ll ll llll ii Tl ininnniriiniTiiTimTiririririri ririrunninrniin 
Imcic 1:11 1 : 11 : 11:1 11 : 11:1 

ngtnginginciinuciMingtnraingciinin ragci 

15333 DiQEEOKESIEBlIiDEEBilSKIiDEnillESIEQEIilOKEBKEniEElllEQIEDIDllEBinilEQIEBIEBKEDIEQiESKEDiQS QjHEEBIEIKEQ 

^Hi:ii:ii;n:ii:ii:ii:iinrjinininininrji:]inini:iini:nni:ii:i 1 : 11 : 11 : 11 : 1 1 : 11 : 1 1 : 11:1 


|^]j3»inTit7iit/.vjimirti»rvitTTi ni3minTi[TTi[TTi[mn^iruiriitTTiii:iiii:Hmn[TTiiiH iiHiT:nnTi[rTi nTi[rni[niinTi[rntTTi l 


imciminininmraminminininminininmmmciminmmmmminmml 

MBSBBBBESSSSSSSSS^^ii^S — sB saaaaaasBsasBi 

k|Mi:ii:ii:ii;ii:ii:ii:ii;ir.ir.ii;ii:ii:ii;ii:i!;!i;ir.ii;ii:ii;ii:ii:u:ii:ii:ii:ii:ii:ii:ii:ii:i 
^■i:ii;ii;ii:ii:ii;ir;ii;ii:ii:ii:ii:ii:ii:ii:i[:ii:ir.ii:ii:n;ii;iini:ii:ii;ii;ii:ir.ii:ii:ii:i 
^Hi:ii:ii;ii:ii:ii:ii:ii:ii:ii:ii:ii;ii:ii;ii:ii:inii:ii:ii:ii:ii:inii:ii:ii:ii:ii:ii:ii:ii:ii:il 

l^^gaiiiiiiaiiEpaiDBPapanaiiaEmiiianaiiEifflifflimimnanatroiiBnaDiiniinHimnflPH^giinal 
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DATE: PRODUCT TERMS (0-63) NAME 


INPUTS (0-31) 


7 8 9 10 11 12 13 14 15 16 17 t8 19 20 21 22 23 24 25 26 27 28 29 30 31 


|TCBiirannHHBnnDnDnnonnmmiHmrai3(HmEQmmiBiBiBii3ii3i 

^■i:iriiiii:ininirii;ii;ii;ii:irinii:ii;iini:iinriririininriini:irnininririi:i 
^■■iiiinnir.eriiif.iinriinrjriinriniininriririr.irunriininniriinriril 

i^^BiBiBiBiBiEiEiBiBiBiBaBimBaBiBiBiiiiigiggniaigiaigigiaiiitaeniiiiol 

ninnim min in m miriRiin mmmm raminni mmmninirinim niriniml 
^■ ;*omririririririririmrninririiTiininririrnriininriininriinri| 
^■Unnininjririr.ininirinifnriinininniriinniinrimniniinniniririninil 

icz^mraigBiraEgEiBiniEg ni EiiEgcaEiEiEi HiEMiiEiEa EaEiEiEiEaEaEaEaEiEi l 

^Hmninimrinirininiriririnimminrimmininriinniniriniinniriniril 
^■ini:ii;iinriininriini:irni:ii!ir:ii;iriririinmt:iniririinrii:ifnririi:H:i| 
^■Unrinini ninir.inir.ininiininnininir.ininininininininirinininininir.il 

|i'.’;»T:Tn > nmnimifiii<m ni niitiHiH:ifTamr7amtnniiTifnnimtn wiin tnrriFntTiitnmna | 

^■nimnimmririmnininimninirimmririniniriririmrimrr^inril 
^■rininii:irii:inirii:irii!iini:ii:ii:ii:ii:ii:u:iinniriini:irii:inii:irii:ii:ii:i 
■■ririniriririririniriinriniririniririnirinirinirinirir.iiiiinriniril 

irTTnT^rrirtiiiiiitirriiTirTinirTirri rri rrirrarT Ti rTiiTirTinirTirFiiTiritritTirriiTiif.ii-iitijr'ii-iiiii l 

^HHERRRRRRRRRRRRRmRRRiTiRRRRRRniRRRRRI 

^■i:ii:ii:ii:ii:ii:ii:irinii:ii:ii:ii:ii:ii:ii:inirii:inii:ii:ii:ii:inii:ii:ii:ii:ii:ii:u:i| 
^■Uni:iininr.iini:iniinriini:iininrir.iinrii:ii:ii:ii:ii:ii:irii!ii:ii:iinr.ii:iinl 

Iffra^mnirararnrai^ranininimCTmniinniiniramrgraiTiniiaiitir aniiwnii iain l 

innininiinnii:inininininiinninii;ii:inii;ininininininininiini;ininini 
ninimmmmnimmrinimmninimmnimmmnimninininimmnimnil 
BW inririnimnininiririniriniririnir.iririniniririririrniirir.iririril 
l^^incamramininGiinoiEiraracnEaraininoncaininainEainEiDJcaEaciiiiiical 

i:ii:ii:ii:ii:ii:ii:ii:ii:ii:ii:inimi:irii:iini:ii:irii:ii:ii:irir:ii:ii:irni:ii:irii:i 
^^■Driririniniririririniininriri rinirinnnriririr.iniriririririniiiil 
■■■■■■■■■■■■HHWinininiinninininininininininininin.il 


[j^mniQiio to eo in inii] in ei io[i3iiiiiiiiaQ3 in in oiBiiiioniniiiiiiiiiio to niiiLii2aiii]| 

InirinirininininiririmniinririuiririniinniriinniririKiriniinninil 
Iniriririninininiririmriniririinnininininiririniniriniririniriril 
^■kiiririnininirinininiinninininininiriniKininininininininininininil 

| B i RT-niinniiiiiii l »ii.»iii[iH.Hir.TiiiiHii.i:iiniinintrimii!r!iiTnHiiiHi»miiiiii»H»i.i»tiiiHiiHiiiitii:HiHH Hnri iiHin.] nnnn| 

■Biinnnnnnnnnnnnnnnnnnnnnnnnnnnnnmi 
iiiiiimvamiiiiwimimimminiinniiminnHiMnm 


irminirmn^iiTrnminitTntyjiiHi[T7iff7i[TT4rF7niFmnjs>Tirniffn[FTi [tTifra!F7H TO nm[FnffniTTitFra iTn m«m | 

■laininiiiaiiiaiaiaiaiaiaiaiiiaiaiaiiHiiiinHiiHiiuiiiiiiiui 
■isuiauiaiiiaiaiiiiHiiiaiaiaiiHiaiaiaiaiaiaiaiaiaiaiaiaiauu 

BBB 3 B 3 BB 33 33 BBBB 3 BBBBBBBB BB B 3 B BB BBi 

i'Miiiitnnni[Hitnirni[i.iiminiirnimimitni[H iiiii TO[iiii-i'iimnaimimiitiiH3itnii3imiiinim[mitniB«i.« 

■■liMiHUunuisiiiiUiiiuigiiiaHiiMuiiiiiiiiiiiLiiaHiiiiHii 
uuuuuougaauuuuuuuuui|iuuuuiiuiaiaiauu|u 

TPCTinriiinimiiTirrn iiHimim trnirntmnTinTitrn maii^ tti.i inuTTi nm miimufti m rmrtn t mtm rfntnnrtntml 

HBBaBBBBBBBBBBBBnBBBBBBBDBBBBBBBBl 


Dniii9i9iai3iaiaiaiiiaiaiaiaiai9iaiaigiaiiigigi<iaiaiauiiiauia 


KSiSi 


mmassaffisssiaiam 


mii:i.imniM i if.virm rrTi rrnrTT3frv]fTTiiFiiitr3tTTntTTa [nrirrn rrT3irTniniti:W[rarrTifri:Hii:i^tFnn^itrTitn«ii ; iii;»trTntrT3ii:Ti 

Hiannnn(imiiiiiHiiHi!iiiai9i9i9i!iaiaiaiauiiiii«iiiiMi« 
nnnuniiniiHHuni9Hi[iuiiiiiiai4iiiaLi[iiiiaiiiiiaL9ni<i 

HIhwbh ■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

EEEEl lB UHIIEBlBl IEl IEnBIBBIHIliKlIBMBDIBliBDiBHEHIBOIllIHIiHIIlBnilllliBnjBIEHPiHIIjHHiniEOlIiBIliEllEBIEIl 

■■bbbbbbbbbbbbbbbbbbbbbbbbbbhbbbbb 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

W 13333 BB 333333333 B 333333333 B 333333 

m^ rTTiimrmnFirrotranTirranTirrirmrT^ira rTTiirm mirmniifmmnnTirraniirmrTrirTritTnrHirmrHnmirrn 

■ .laBBBBBBBBBBBIHBBBnBBBBBBBBBBBPlBBB 

iLiisia£iiBiiiaiaiiLiuiiuiaiiiaisiimii!i4imii4i4i4iii4i4iii4 

BBBBBBOBBBDBBBBBBBBBBBBBBBBBBBBn 


0 1 2 3 4 5 6 7 


9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-41. Programming Format Sheet, PAL16C1. 
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PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 tl 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


lEECEIOm 


I Cl 131 

im mi 

113131 


inanoiaiammmmmmmmEuioiLiELiKQiEiDiDai 


1(3131 


i ci cn 


II3CII 


■men 


ICICI i 


IfiifiiiBmiBmmi 


immHmDiBinmHBmnucmHHl 


immi 

immi 


immi 

immi 


(men 

immi 


II3CJ BBBI 

icimBH 


lEBEEI B3Bl tBi BlBlE3Bl BlBlElB3BlEHl!lElEllIlEli igBligi3 i3iIlE3BllIlimiliIilElBIi| 


1(3 Cl I 

i ci mi 


IC1C1I 

IC1C1I 


113(31 

immi 


113(31 

1(3(31 


ICICI I 
IC1CII 


ICICI I 

icimi 


IHmdBBimmBBmClBBimmBfllElClBBI3l3Bil R 


immi 


immi 


immi 


immi 


10(31 


ICICll 


^■nniinnnniinnnnnnnnnnnnnnninnnnnnrann 
niinNnannnnnnnnnnunnnnnHnnniiHniiinn 
■unHnnnnnnnnnnnnnnnnnnnnnnHnnnnHn 

■uUUHUHUUUUUUUUUUUnHHHHHnOHnBanHH 

ii£Enoiom(mamramiamd(£i[ooadmradmraramKaKorammEndEZ3raEi3Eial 


innnnnii 


iHKBBKiinnnnninnnniiiinnKiil 
niaDLuainaauinuuauiiaBHiauDicaniimnniiunnn 

|BBBBBnBBBBUmiBIBIBBIBBHHBIBBBBUBBmBBIB| 

InLinnnnnDBHnHjiuonaaaHiaBiiDDnianiinnH 


niinnnnnnnl 


I mmmm mmmni mrnmi 


i mri nininiinin rini miii[timmrinni| 


niimiraiiiinraraiiraniniraniriraiinranranniraranraiiiiii 
■nnnnnnnnnnnnnnnniiniinniiiinnnniiiiniin 

^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

^■|BBBBBBBBBBBBBBBraBBBBBBranBraBBBBBB| 

IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
Ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbi 
■■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

|iVw;i.i >nmfginmiainraninimBriniitnrarniriiniiigrarnrHnirnrTirgiigiiTinirPirTiiinil 

■innnnnnnniinnnnnniinBiinnnnnniinnnnnn 
■BBnnnBBnnnnndPHinBnnnnnnnniiniinnn 
^■BBBBBBBBBBBBBBBBBBBBBnBnBBBBBBBBl 
■■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

I^^ EiEKOBi (OEiEiBa 03(0(0(0 (aioEiiaoaEQiBKaiaiaciiaDaciiaiDia cj cna I 

■IBnHuianiaiaiBHHiiiiiiiiHflniKinniinnnnnnniiii 

^■bbbbbbbbbbbbbbbbbbbbbbbdbbbbbbbbI 

i KTannnmiTintraninHitiiTiHiiiHniiiiiiiiiMn.Mninmam.iiiiTiiiiiiiniiMiiH tmnntmmiiniiiiHiutmmimTimnnniml 


113131 

iram 

immi 

immi 


immi 

imrai 

immi 

113(3! 


113131 

113(31 

113(31 

ICH3I 


imradHrarafliBramBHBi 


irarai 

immi 

immi 


1(3131 

im mi 

1(3131 


ICICll 

11301 

1(301 




113131 


IOI 


113(31 


1(3(31 


1(3131 


1(3131 


iBBBBBBinraBBiraraBBOraBBOOBBraraBBraraBBIBB 
■BBBBB0raBBI30BB00BB00BB0raBBra0BBBB 

■■BIBBBBraraBBraillBBiraCIBBCiraBBCiraBBraraBBBBl 

I r.’M:i.itrmrmtrnrra retiirnrertt ni reHirnretirem rerarernitTi renrcTiireniraiEEi rmn-iiiuiiFn renrunncnrcrn EE3EHDD31IE3 1 

■hbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

liaiaiauaaiiiiauiiuiauDUBiauuiauiauuiBuiaiauuiaial 


■iNniiniinnnnniinnnnnnniinnnnnnnnnnniB 

i irnnretmiTTi tTOtmnTniran^n^FmiTTireTnn^tmrT^tTTirmttiiiTnframnreri nnrenini ininntmffnreriimqnninil 

^HBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

|BBUBBUBBUUIlUUBBBBHBiailUBIBBB(3iaBBBB| 
HliiiiivniiniadiiHnisiiiiuiiiiiHBUiiiiBmiiiiiiimBiiiil 

uv;«i:i.itTTiimtTTiiTT]iininitmirnnTiimreTimirratraimn^iniinireTiminTiimn^ini irnimreTirmreriimnrei«tii| 

■liinnnnnnnnnnnnnnnnnnniinninnnnnnnnn 
IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


|HnnnnnBnnnnnnnnnnnnnnnnnnnnnnnnnn| 

iBBBBBBBBBnBBBBBBBBBBBnBBBBBBBBBBl 

inanianiiaiaiiiaiaiaiaiamiaiaimaiaiaiaiaiaiaiaiiiaiaiaiaiaia 

■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

l r.';.i:i.inTiii4HmiRitrniRtimtnitRiiTTin.tnmiRiiiiTiin3n.!iLmiRi».Hti.i.itiTin.HH»nM.Him»mw.i n»iHFnir]ni['ininl 

■HnnnflDOBHDBBDnDBBOBDDBHDBIinnDnBn 
nBBBBnBBBHBBBBBBBBBBBBBBBBBBBBBBl 
■nnnnnnnnflnnnBnnnflnnnnnnnnnnnnnnn 
■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnl 

| ppTnre miiniireiiTOniiirainitn]rmiratnnn7itmin7imitnaiT7iiniiT?itmniiimnniT?innnntTnnnnnnnnnnnl 

■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
■onBnnnnDnnoBnDnBnDBBBHDDBBDOBDBH 
IBUBBBi IBHBBBHBBBHBI BHHnHHHHHBHH 
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PRODUCT TERMS (0-63) 


Logic Diagram PAL12L6 


g> 

'</> 

© 


Q 

< 

Q_ 


INPUTS (0-31) 


0 12 3 4 5 6 7 I ! 1011 12 13 14 IS 16 17 18 19 20 21 22 23 2425 25 27 2129 3031 



LEGEND: • :Phantom Fuse (L, N, <J) ChPhanton Fuse (H, P, 1) n.u.— not used 


FIGURE 3-44. Logic Diagram, PAL12L6. 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 tB 19 20 21 22 23 24 25 26 27 28 29 30 31 


liaara pnHnaannnnanannnnimiBniiaigiiiianigiiniBiBinifliBi 

HSBBBHBHHBBHaaBHClinHHClClHaClQUUan 
iflBBBBBBBBflflanBBaQBBQQBBQnBBBBBBBl 

■■■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

IKlUJBIBlBlBIQIEliaBJBlBlBilBlEIEiBlEIlDliaBlEIlEEliQEaEIiltOillEIilEMEEIQOl 

■■IBBBBflBBBBCinBBClRlBBRiraBBIllCmnBBBH 

■BBflBBBBBBnClBBClDBBilinBBnaBBBBBBBl 

iHBHlBiBHBHBiBMHUniBHBMIlCIHHClClBiHClIliBiBiHHBMiHBi 

B ^Hbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

Bl I Hill III I II I II III I II III I II I II I III II I III II I II HI I II III I II I II III I III II llll Hill llll III III II I II 1 1 

■■innnniinnrinnnnrinnnnnnnniiniinniinniiii 

S HI HI 

^Hbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

lEHnj cjiiioiKiiiiiaiiiiiiiiiBiiiiEJtaEiiiiiaiiiiaiaiaiaiaiiaiaiDiatacjiaiiiiiao 

■■IBBBBBBBBBBBBDIBBBBBBBBBBBBBBBBBBB 


■nnnnnnnnnnnnnnnnnnnnniiiinnnnniviiiin 
IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

IWBBBWBBBBBBBBBBBBniBBBBBBBBBBBBBBl 


i msnimtamm mmmmmmmmtammm mwa mmmmmmm mm m mmmm i 

■■nnnnnnnnnnnnnnnnnnnnniinniinnnpinnn 
IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb| 

I c^ ijEitaraEJEitiJiaiaiaKjmtai^EiLaEJOiEJtacjiacjEiraiai^a taiijIacj l 

iHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBnBBnl 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

^■IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

l ^^ iaiaiaBiBwaiaiaiaBiBiBiiaBaiaiaBiBiiHiaBMaiaBimi oBi iaiaioiaial 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

IBBBI 9BBBBBBBBBBBBBI 1BBBBBBBB 

^^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

| r,7.i:i.i iTM iTiTiiramn iTitiriPiiTin iiTiiTiTiiTiTi n^[™ tTii3nnniTiB nin nnimiiM iin[mimrin imnnriiiiniinnn tiTiininn^nnl 

kUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

^^BBBflBBBBBBBGlDBBQIilBBGlIIlBBQBBflBBBBBBl 

■BBBBBBBBBBCiaBBQBBBQQBBQGIBBBBBBBB 

■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBl 

MBBBBBBBBBB HnBBaHBBHHBBaaBBBBBBBB 
^■■■■■■■■■■■CIClBBElClBBinClBiBGIClBBiBiBiBBBBj 
■■■■■■■■raraBBIUUlBBlJIJBByillBBBBBBBB 

■MBBBBBBBBBB BBBBBBBBBBBBBB BBBBBBBBI 

■BMMBHiDQI CIHBHBBBM 

■BBBBBBBBBBBBBBBBBBBBBBl 

^■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

|F7.i:iii[TTi[rn[rnrmiTTirrarmrmrmrmrmrmrrTiirmiT7anT3rtnrrnrTOfyrirrnrmfmrmrFn[T7rirFnrrFiiTr4it7i3itnn7i| 


iBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 
■nnnnnnnnnnnnnnnnHiinnnnnniiniiHniann 

»7W:i.i rmn^nTin^rm8i^ iiii[TTjnTitTTi[TOrrTi[TT^tTTnfrT3rTT3frriniifnirrnnrnrran^tmn^[rTirenftTTiitTiimiirn4ttTa l 

■Mbwbb bbbbbbbbwbbbwbbbbbbbbwbbbbbbI 

nnnnl 

Ibbbbbbbbb bbbbbbi 

^PttHtEDlEID lEHttHttHp 

inBBnnBifHHHISHIlHHHnRIlRISHHI 

IbbbbbbbbbbbbbbbbbbbbbbbI 
SSSISSiilSSHBiaBOiaianniiiiianDiaia 
nnnniiriniiiiiiiinHimiiinnnnniin 


■ tnitnitiT3tT^i[m[mtmn^imfmim[TTnimtmiTT3[Ti3rrTniTiifrntratratraiP3^tT^imimii:iHii:t.itrinnnairTi l 

MiiHHHBBHniinupinnnnniinniiB iiniinniiiiBnwl 

sss!3!3!3SSiiB88i88888B88HBHBH 

irT^iHiiMitratmtmiiiiiKitmtRiirinrmrTintmtmmttmtTiTniTiiitTOnrFitTOtrnrrnrrTntrTitr'TitiiMmritTTWir'Tiin'iiniTii 



HH BraBBBBBBHBBPBBBPBBBBBBBKBraBBBBBBl 

i^^naniioaaaimgagDaaimaatmQaflacHaanaaHniiiiaaflaaDagHnflEmimiiaDiiDHiiaaanal 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


“O 

> 


D 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


iTCijjaraflflflnaanaBnnraranflKiamrararaiaKBmraKararaEiaiEiEaKiii 

■l^ ^ri ^l^ffl HS Salaaaaaaaal 
PB^SSSSSM^^HdBaaBa affiS 

SSSSBbShSI^AS&B&Si 

, lOHDOl 

|Q^ BiEiiaig ggggggggiag«ag mBaiBi ra miEiBiKn gg|^^^^g^^ 

Hnnnnnnnnn 5 S 5 nSnnnnnnnnnnmSS^S^ 

BBl<HWHl<lllOTWw»iwniwiiwwn«wanwwwniwnHiniiiwH 

Ic^mmraramraramraiziraBraBaraBraroEnraoraraEiiEiiEiiEaiiiEiaiiaiiaQl 


„ ■WIinHHHHHHHHWHW HWIlH HBnnrinillPIHHHPIPIHl 
lE^ caiaEiBimiaBjaiiiiiiEiiiicaiiacaiiiDiEiiiinEaEgmraEiiigEiBiiiiinjEaEiiiniinal 

■■iHiiiiiiwwiiH HWwwwiOTHWwwniwniniWHwniiiwriwwl 
pnniiiBniinMMirilMHHiiiiBHHaMH 

Inpinnnnnni 

Innnnnnnnl 

■■■■■■■■■■■■iiiiiii tiininiHww wwniHnwiiiiwnil 

iM^llllBHinnnnnnninnin 

nnnnnnnnnn 

_ iBBOBiSDaiaDD 

liz^ ioraiaiiiiaigiEaBiioBiiaiaiiiiEiiaiaiiiiaBiiaiaraioiaEiciiiiiaiacjiiiEil 

MnnnNnNnnnnnnnnnnnnnnnnnnnnnnnnnit 
annnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
nrannnnnnnnnnnnnnnnnnnnnnnnnninnnn 
iBBBBBraaBBBBBBBBi^BBBBaBBBBaBBBBBB| 
I iraraii fmiHurorm tTrcuFnirrutnin^iiTOmiMUiMHiTaHiiiinimTirarniTinitifittnrtnnnnTiininn H^ mMrtn nnui'i numa I 
■■BHBHBIIIBD1IODBBBBBHBBHHHHHBI 

[SSB»BBB 3 BB|bB 


IBBBBBBBBI 


mi 


issaa 


BBBBBl 

BBBBBl 


|r 7 mntTTitniminmtnirrarrntnirniitnrmirnttHirTiiiCTitntmimtratmtmiffl(CTirn[T?nn^fmtrTnn^mrin? 3 [pr 3 l 


IBBBBBBBB 

BBBBBBBB 


ii 


IBI 

ir.ii 

IBI 


IBI 


[ 1','M iT.itm trn tFnnn rmrmnri rrarrn irxinHiirarmni.ini jirimjriniurnnTirtTrrratTnnin mi rrritt/imi oqqqqqqd I 


IBBBBBBBBBBI 

nnnnnnnnnn 


131 


| r 7 .T:T.imninTii^nirttmiiTin:ntnimiiran?nrmrmtrn r 


IBBBBBBBBBBI 

IBBBBBBBBBB 




nnnnnnnnnnnniinnnnnrtnnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 


nnnnnnnnnnnnnnnnnn 

Ibbbbbbbbbbbbbbbbbb 


nnnnnnnnnnnnnn 

BBBBBBBBBBBBBB 


i r^.TTrin^iMKiwnvitT^imm^ininniTCitFriimtrfflirr.innirnrrTiiiiitfTin^trnntTtirT^rrntrrifmfrrin^iirTiinniniinni 

■nnnnnnnnwnnnnnnnn nn nnnnnnnnnnnnn 

nnnnnnnnnnnnnnnnnnnnnnnnnnniiniiiin 
■nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

iMan.iin.iiiiniwiiintraiiiiHtR^HitNiimninmanwimiHiiHiniTnHiiiiiiyni.Hnrnir.HiriHii.tiiTnTfrntFnrrTnmBno.iihijmni 


IBBBBBBBBBBBBBBBB 

nnnnnnnannnnnnian 


HnnnHHHniinnnn Mi n 

■bbbbbbbbbbbbbbbu 

IBBBBflBBBBBBBBBBBBBBBBBBBBBBBBBBB 
■Innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 
i ivituM namnsma ns deb ns ns do ho p s ns ns nu no no nn mi ns he notions ieq no ns ns ns qqdmqids 

■■■■■■■■■■Hnnnnnnnnnnnnnn 

nnnnnnnnnnnnnn 


S ^Hinnnnnnnnnnnnnni 
■ninininininimnin ininininmin 
mBBBBBBBBBBBBBH 

■IBBBBBBBBI 


3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-47. Programming Format Sheet, PAL14L4. 
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PRODUCT TERMS (0-63) 


C 

o> 

'35 

<D 

a 


< 

CL 


INPUTS (0-31) 


0 1 2 3 4 S 6 I 8 9 1011 121114 IS 16 1 7 10 19 20 21 22 23 24 25 26 27 28 7S1031 



FIGURE 3-48. Logic Diagram, PAL16L2. 
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DATE: PRODUCT TERMS (0-63) NAME: 


s^onnnEionjEinEiaaiaoDiiininiKEiiEiiEiDaEaEaiiiEaDiDiiiaKniKiiEiii 


nnnnnnranisnigananiaEarannnnnnniSHnnnnin 

nnnnianiaanuiiBa»Bnnnnnnui5l5l9l5nnni5lllll9 


unnnniiiiiaiaiiBniaiaiaianiBHiiiinnninnnuiniinmi 

^HSSSSSnlSSSSSnSranninnnrararanniSraiSnSSnRSSRI 

PaiagaagaHBaa saaaBa aaaBHBaaaaaaaaaa 

|CEin3DiciDiDiratiiEanitiiraEiEiraEicatiiEaBiEiEiEiraEiEiEiEiE3EiEaEaEiial 


nBHannnDBnBnnnnnunHnnnnnnnnnnnnii 

BUUBBBBBBnBBRBBBBBBBBBBBBnBBBflBB 

BBBBBBBBBBBHBBBBBBBBBBBBBBBBBBDB 


InmnmfTi fn mmramrniTimmmrar^imrnitTTinimimnKiniitiiJiniiTitntniininiCT l 

IbbbbbbbbbESbbbSbbbbbhbbbbbbbbbbbbI 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
■BBBBBBBDBBBBBBBBBBBBBBflBnBBBBBnB 

|IU!Ll!ll!I3EIIi3illiI3i3lllliaiEIEEIIiQliiaillEia!I3E3EQiiIliEii9EEIEaEaiDliiaEaiiQiB!IEaiEiliai]al 


UI9iai9BI9l9l9lllllll9l919BBI9U19Blliai9191il919BBI9Bia| 

bbbbbbbbbbbbbbbbbbbbbbbbbbbBbbbbI 

IbbbbbbubbuubbbbbbhbbbhubbbbbbubbI 


nrararanimniraniiiTiniiiiitHiiinimiTinTaniinanil 


Ibbbbbbbbbhbbbbbi 

BBBBBHBBBBBBBBBBBBBBBLIBBBBBBBBBB 
BBBBBBBBflBBBflflHBBBflBBBflBBBBBflflBB 

■■bbbbbbbbbiibbbbbbbbbbbbbbbbbiibbbb 

[Esaa mioBiioioioiona namimo na Ganna nannaia Guana caizaiaimD natzaizaia I 

IbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

iHBBBBBBBBBBBBBBnBBBBBBBBBBHBBBBBl 
■unBBBBBBBBUUBBBDBnBHBBBBBBDBBBflB 

I^^^IEQKEOIEBIEillQOIQSIEQD^IEnKIillEQIEISIlHi^IQlllIiQIlDIinDDSIIIlDBilBDQilBIIDDBQDiniiaQDQnnilQl 

bBBBBBBBBBBBBflflBBBBBBBBBBBBBBBBnnn 
BBBBBBBBBBUHBUBUBBBBBBBBBBBBBBBB 

|bbbbbbbbbhuuubbbbuubbububbbubbbb| 

I fBmairnnntroroireniTnnTittntmiiniwiHitHaiwniwatCTn^nTiiranm im traimffviiHi mi iiTireTiffTan-iniKiima l 


BUBBBBBBBUBBBBIIBBBBHBBBBBBBBBBBB 
LIUBBBBUBBBBUBBBBBBBUBBUBBBBBUBBB 

Mbebe he eBBEHESBSBESEEEEEEESESSBHB 

HniaBBBiiBiiBiaBBBiaiauHHBBBiaBiaiaBiaBBiaBia 
a 111a idbbbbbbbbbbI 

Mseessesesssssseesssssesb hhh hhh™ 

■HUiBiaBBBDiBiaBBBBBDIBBBBBBiaBIlBBBBBBBBl 


IBBI1I 


BBDBBUBBBUBniaBBBBUBBBBBBBBBiaBBBB 

|iv/.]:i>iiiiiiran^ii>;iHiirrntTTi»v]iTTitTTinLniii[TO tnntiijUiJ nTi^iii^j[TO[TTi[rami[ rniiiit^i irnit]i iKH nTiiii< iiia 

I ^BHHBIBBHBBBUBBBBBBBUBBBUIBHBBBBBUBU 
iBBBBBBBBBiaBBBBBBBBBBiaBBBBBBBBBiail 
iBIlBIlBIlBiaBBBBBBiaBlIBBBBBBBBlIBBBIlllia 

I ^^^IEEiEDiroiH][IIIiB3tEB[HliH31BIICTIH3 IfflIEI0tEllEB IIiEliEHn!HniailigtEB IIiH[EHniE]IIIH ninniIiinn3IIiID n!IlII!B 

HBBBBBBBBBBBBBBBBBIIBBBBBBBBBflflBBB 
iBBBBB BBBHBBBBBBBBBBBBBBBBBBBBBBa 

BBHHHEsaassasasssssssasasassasaal 

■BBBBBBBBBBBBHBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBBILiBBBBBBBBBBBBBBBBBBBBBIl 
■■■■nBBBIIBBDHBBHDflBBiaBIIfllBnnBnBil 

[^^StSSraSSnaiiatiaiiaimaiiiisiiEiniimniiiiiinanEniiiisiiEnaniiniinDiiEinacHnBiifl 


BBUIlBIlllIBBBIlBBBBIllllll 
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PRODUCT TERMS (0-63) 


INPUTS (0-31) 


C 

O) 

’</> 

© 

Q 


< 

Q. 



FIGURE 3-50. Logic Diagram, PAL16L8. 
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DATE: PRODUCT TERMS (0-63) NAME 


INPUTS (0-31) 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


EEiaan— nnonnnnooooiiiiiniigninuBnaniniigignaigniiiaigi 



EisnaEamraEiEiraEiraHi EiE3E3EaEa oEa QCTigra mtgQiqEii gEiEiigig niia| 


^133 Ea— —1313—01300013—— BlBi0BlElBlBa B30 B3BlBa I 



SniSS BSBeiBBBSoBSSoBBB SS SS BBBBBB BbI 


[0^10—101001310—0100001000311111100111101131111131010030100301 


[^5133 1001131001313100100001011100111100010001 0 0113 0 011000 1 


[EEE3 E1 El KUOPIO l—KI B3B1EE1I3I1 1—EEU gH —HiHEBiEll EElCBIEBUSEiiniUSBiCDUSniEaEilEBUia I 


[eeeb nnnamniiaiani tiJuJlllLljl^UiliiQioulliiBlululIOQ] 10130310 OKOOd I 


ir/.i.i.iiiiiiiiumn'VitrritrntTTii rnirTiirn frntrnii'Miri.Hmirrjiiri nnHnmi f mimnn tninrinntintTniintiTniiMiiijI 




I l'TPiira irninitniiniiniiti-itriiiTOiLriittirrnmntHiri-iinairnmniFniFniPniPniPnn.iiiw irniEnirniPniTnmilmiim l 


l E^ IBil— 0Q01^ tE30 IIlliBl[B3IB3 IB3[BgiEinBIHl IHlIB3llB[EBBEaffaiiaBIIPEBIinilBaEBDBElgBflaal 


I^^BHiHllEHOOIliaffiaOOiiaiE3niniBiliIDlE[lEEBiEilIEngHElIEgiEaiB3IBliBllIBliB3[ElllIE3IB3IEllBal 


I tEiaa iEBiainBiiBo nBnB OOtEaonEgBpmnBDMOo oo o nigniHiBiniiiEHinHniiBEHnnD iEiiinal 


( KYgii»i tTm im»i»i[r*i tra iranin tTOim iiiti»^ n^ »ffliHiinfln?»r^niiiiiy«iii»] n ^tmniHirT3[RiiiTnn'T;i irin [Tin[iiiii[TinrFn l 


[cmjniiiiiinanaiiaimnaiiflnaaiiaiiaiiiipanEiiaiignaiiiiiignananaiiaiianringEBJilaDanHnaiEjl 
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INPUTS (0-31) 



00 

Z 

Ul 

CC 

CC 

5 

CD 

Ul 

< 


*- 

z 

-J 

H 


< 

< 

O. 


CL 






W 


M 

E 


CO 

| 



o 

o 



UL 


(/) 

O) 

c 


5 

CC 

LU 

E 

E 


1- 

h 

o 

re 


Z> 

«_ 


O 

CO 


o 

o 


CC 

b. 

CL 


Q. 


Dnnnnnnnni 


4 5 6 7 8 9 10 U 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


laOOnDKQinEQIQluIQEiaKuDlKOKQDlEQKEIKiaDI 


EEEEIFHEIE1R1 KlElfHRl FURIBJUI EH EH E3 EH Ell Eli EH EH FH El El EH EH El ill El E3E3 El Ell 


3jHnimCHEgEIEIlEBIEIlBlEIltEiD3E]lElEEIDlD3El BlBIElEl EBiEi ElElEIE3E3ElEilEiEil 



!!XIIE][QIII 101 Dl(I]EaBiniIXlEaiIlElE 3 D 3 EI 3 E]EI]EIlEaEDEI]EIlEZ]iaE]EHEZ 3 iaElDaEI 3 Eia| 


o 4 

27 

o 3 

19 

o 2 

11 

0, 

3 


l i77;Trr7iiTiiHiTiiTiiTiraEiiHni iT irTirrif!TarT7irTi>:TiEiiiTiE^EiiiiTifci.-«i-iitTiti:iEi:irritr.itiirTirrir[i l 


lis^iHrarararataiiiEaiziiiiiiiiiiEaiiiEaiiiiiiiiaoiEniiacaEiEHniEaEaEacaDEiEacal 



HSSSSSSSSSSSS3SSS3SSSSSSSSSESSSSSI 

|^^ElEOEilElG3l51ElEllIIEllI3IIl[iaEIIIlIiaC3IHiaEOIIlElElGllIlIDE3iaD3ElE3ial 



CQiaaiEQKniDBIIStEailSDiQEQlDllEIlIIIIilSillESIIiQIEIllEJinOEinODaaBDDailBEIQaHilDEIQIIDa^IIBaQDQliinl 


3 IEi]£H]IIHIIS[EI]IE 3 lE 3 [BJ[IIlffEI[E 3 [Ei 3 [E 3 {EDIE 3 iE 3 lIMEn[EH(iH[En[E 3 IFH{EI[E 3 E]tE 3 [EIDIE 3 iED[E 3 lE 3 | 


l i^.hi.i itiiiiniirniranmirntrniniren miimn^ iiniiRiinmamiinin^ttHtEtiimtEatniiPrirenimiEarmimtmmal 




I ^Ei3iEDiEn iEiBiPB3iB3iiaiBi iEaiBiiEB iBDt^ iBgiEi iBiiiHiinBaiBiiEg iiBBBiiH iHiinaBaDEEigHna3BBaDa[il 



I EB E E l lEEHEniEB lIill n=nniEI IEHIl-HIEBil]EllE3IE0 BEHIEElililllllD lEEHEHIEBiEH lEHIEH BEBlEB IEH EiEHB3BH3 E3 jEEHEHEB I 



l i'.v«i:i.iirniTTiirn[TTi[rr.tra[rn[niiM iwiHmmitmmiiwntrnfnninifTTin mi LifratrriniinTitrnirnnTinn'iUTHim i ral 



IB r.7»i:i»<tH'i»ninT7ii4iiRm’H iiii imiiiinnt[^.iin iH ’j’jUi'i n?3 ii'ji trTn n'iiii'nnTUi'^ii'nnTUi'nrrrni'nii'j-irrFin‘i-tH’i’] ii']jH'H | 
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PRODUCT TERMS (0-63) 
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DATE: PRODUCT TERMS (0-63) NAME: 


INPUTS (0-31) 


0 1 2 3 4 S 6 7 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


HEianannnngno— nnanHnnnramraramramrammminniBiimrai 


mm iam rihhtiri EOEHUEII Ei EDI EH El El Hi El El tnitiiniTitTiBitTi in Rummuil 



Eljlini ElglltatgEgiggllBlBlEH Ii BltaBjl BlBlEaBlBiBlBi EiBiBlBlBlBJ ElEaBa BiEa l 


Itv/MiiininiBiitiiiiEininiiiimniuiEiiBiiTiRiiniPiPiKiiHuiBi BiBitnBi ininBiial 


ItzHuamoiDirararaiiimniiiiiiiracaEiiiacaEiiniEaEiiiicatiiraEifnriiiiiracEicianil 


u^^iiirararaiiiraiiifaciraraEEiia^i^taiiiniDioiriiraiiinirriiiitiiraiijrijiiinil 


[EHii3 E3igBiBiigigEaBiEiEiojigi30!ii3iigBaBiiiai!gi!EiEaEgEiEaEgi!a E3iia i!iaEaEi l 




|ci^[DiniaiDimaimnininmmraii3mrammraradio[nradraraG3 Camilla in I 




fej2gggjgggggg[gjgjg[]gjgggg[in[En[EB[IH[]^[EaE3nB[EDnSiin[IDIIH[Hn[IIIffljj 



EM BDIHIlIBIBlIEMBIlilHl nTHnl UMltFl (IB CCD Id HQ IBiUHIIBaiB HEJiEIE IBI IBillB l lEDE] DEHCHlHIliLMJ I 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


^^IBinilIiaiEBnaiEIIB 3 iBHB 3 illHB 3 IB 3 I^IB 3 IEllEagIjliinilBllBIB 3 IlH[EaiHHlEDBaBnaa 3 BH[iagBgDl 


v/.];i.|iramirmrm cunisrEDIED [rrnrn tn?tTTmmi lutrrctm tmimtrnnn nTirrarmtrairTirmimHTi rrrarmrrmrn I 



'>i:i->[m nans DSMOS 033103 Oil IXUOJJDIOing PE n^rrnmiynirnTinTitrrin^iitiFrTinTiniiiiT.itTTinrninTTitTTjirTa I 


'■T.hriin^iHltiBfratmpnii^frafmfmfRitrnfT^n^rmn^fTmrinin^rrTiniTiK^HiTifTOnTTirmrmmrirrTijtrwmTjtrnl 



SEEEl omilimBliaiQmSDOas irnnrinTitnnfnriirniiiTnnTa iiiiliiirrHlii] rmmrmrra mti^Hi^umrmnniiuimi I 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-55. Programming Format Sheet, PAL16R6. 
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DATE: PRODUCT TERMS (0-63) NAME 


INPUTS (0-31) 

0 1 2 3 4 5 6 7 8 9 10 It 12 13 14 15 16 17 18 t9 20 21 22 23 24 25 26 27 2L 29 30 31 



inaaaoa Dana oonn niKuiaKa KaiQiara KQiEiDjKiiiaDaiiaiiai 


EganaElElBlEl CTintntn E1 B1E1 E3 El E3 El El EDHHE1CI 111 B1 El HI E1E1EJE1 El EJ El El I 


| BTOinigragiignign»ngti»nig EH til til EH rrjm mri eheheeiE] Enm tnui til lil tu m n?i liil til E3l I 


IcEoncaninicitiiciiianiriiEirricEicaEiEicaEiraiTiiniziiniiiEnniinisiifniHiciiriiiil 


I eseeei mmEEim mcsiKam tnmmna caLuiEuEiaiuKdiEiioi EmaEaia mEnniia oocaol 


| rmnri»TirTi»TirTifTirtirTirTirTircirnrrimrTarTirTarTiniiTiriirri rTirni>iiiii Tiiiiiu inrnimr7il 


|EHnamraElEl[ai3raBIE3ElElEIE3E3ClEiEIE0II31CaG3EaEIEaEairi[aE]E3E3CICal 


HHO B9H] lOISiia BHO to HI IO Ea EDI G3 03 CiniiaiOIIliaiD nun [3 HI to [QHUIia in I 


ImaiBiiTiriWiiHiiiMifiViiiinHiiairniiiTiiTiMiiiTitiiMtrnirTiiniTniTiianiTannnntiFimiimHHimntiiiiiiititTniiFuniininitUHiil 


l ircnmroil lFntTOffn ftZlim lrHrroiHI trtltFEIffn EaKEDEattQ [EnCElllFnfED CEElCESEEQIEaEEIKEElIEOCEIIl E3E3EHE3 1 




SBSSSSSSSSSSSSSSBSSSSBSSB3SSSSSS 


EEiaaaaaaaiBaaaiiiia a aiBaaiEiiiHiHiBBiigiiiHiEBiHaiiH PEB iBaiiBiHDiiaiiBDSBiBa l 


SBiaaimiBiaaiE3IIIBaaaBDIEBIEDniBiBD nia niBlEHIHIgBlBlCEBBBlE3IIHE]IEaElEEI3[EBEi]EIIEa | 




’.’i.iii.iini mitTwinn i mnxiirnirvin'viimifTi rT^ n^rnntmn^n^ntniMiii.iiintraiiiiiiMnTiirntrTitrTnHi.iirr'i rmtrrjl 






SSc 


E^naiiaaaiBiiiaiiaaiBina iBaiia piaiBDiBiiiaiiaiiaiiaiiaimiianaiiaiiiDiiiinDiEDPaiBgniinai 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21. 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-57. Programming Format Sheet, PAL16R4. 
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DATE: PRODUCT TERMS (0-63) NAME: 
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DATE: PRODUCT TERMS (0-63) 


INPUTS (0-31) 


3 4 5 6 7 8 9 10 11 12 13 14 15 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 




rczsjj migmm in igigigmfgig iTiEiEH EiEimBjmigffligm ig mffliii iiimEEiEiEil 


[EEEa mmratgEiitgniEaBiigraEiiEaiiiiEaDiEaEB BEi EiBEiEMEiEiEJ EiEgEaEiEil 


SBBSBBSSBBBSBBSSBBBSSBSBSSBSBSBS 


[niiEiimoiiara^oi^QiBiQiiioiiQiBiKaDiEaBiEarafOBiEiaBiEaESiaEaEaB] 


z UJ 

OC oc 5 

(O Ui < 

r- h z 


Icaini cm oioi ra caramel tmamin 003131121011111111 !] eh taolu oeheho 0000 I 


fiLijc^ramraraoraomoooooooooCTOOOOOOOoraooinaool 


|(22II3000000000000000000000000000CI]EaEIi]Eiai!Ill 


kz^oraoooooraoioooraiorararaiaraorarararaiDiaiziioEiEQiiiacai 




BBBBSSBSBBSBBBBBBBIBBBBBBBBBBSSB 


| EEIII3 [B3iHltEBtBlElIEtH3iHI BB3lg| [H3ElDB3IHgiBiDBa iBilIEngH [EBIBl gatH3 DglIEaiE g iia [BiHIHffiEHBl [ial 




l E5inJiIHini[EHIIBIBSllE3tIHIEEI [B0ligtIBIE13IEBiEDiEaiEHiEa iEQIEa [EBlBliEEIIB3iBatEC1tBllB3IEBPB3IEHtBltffl| 




'.v.ij.inTnirnuviiiMn^niiiiiiiTTiiriitintTOmiwi^rrniTranra^ninTifrafnirnitraminniitiiimuMiTri ua-iikMi imtrTJ l 


ISSBBBSBBSBBBBSBBBB8SBBBSBSBBB 


n^tnntTTitranTitmfTO fmn^rmnTitTOn^rTOtmnntitm trTniTTiniTjniTin^ n^n^^nTnniTinTi nTnn^n^tEijmal 


ggiI3nBlHltEniinBtEBtB3[BlIEllBin^^n^tP^P^nnn^iyrntrBtrntrgirniniiratTiiinTiimii;ritFnirniFnir]3l 


vj»];i»iinimiii?iinntnniraimn*i»jiimiT^immainniTnm3iniinnT?]iu.iirami.imHi>*nuiinnmimiininqinnnil 



0 1 2 3 4 5 E 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


FIGURE 3-61. Programming Format Sheet, PAL16A4. 
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Application Suggestions 


National 

Semiconductor 


Programmable Logic 


Application Suggestions 


Using PALs, you may not only replace conven- 
tional logic in existing products but also op- 
timize the design of new products. The other 
chapters of the book discuss the PAL concept 
and provide information on the advantages 
gained and the techniques used when design- 
ing with PALs. This section shows practical ap- 
plications that range from simple logic gate 
replacements to complex control sequencers. 

Each example is presented as a complete PAL 
design, carried through step by step, from the 
selection of the best PAL to solve the problem 
to the writing of the logic equations in 
PALASM notation. In most cases, manual 
coding is shown as well. This makes the ex- 
amples complete enough for you to incor- 
porate into your own system designs. 

The uses to which PALS can be put are virtually 
limitless. Let your imagination run wild! 

EXAMPLE 1: 

BASIC GATES 


L = II + IJ + IK J ■ 


r = p:+:q p - ir^> » 

= P*/Q + /P*Q o — IL-S 


Here is a list of the design ideas you’ll find in 
the ensuing pages: 


Example 1-Basic Gates 

Example 2-6-Bit Shift Register 
Control store sequencer 


Memory-mapped I/O 

8080 Control Logic for CPU Board ... 
Hexadecimal Decoder & Lamp Driver. 

Hex Keyboard Scanner 

Micro Floppy Control Logic 

Between-Limits Comparator 


Priority Encoder with Register .... 
Quad 3-line/1-line Data Selector . . 
4-Bit Counter with Multiplexing 
4-Bit Up/Down Counter with Shift . 
ALU Accumulator 


PAL12H6 


PAL12H6 
PAL16R6 
PAL16R4, 
16R6 
PAL16L2 
PAL16L8 
PAL16L8 
PAL16R4 
PAL14H4 
PAL16X4, 
16C1 
PAL16R4 
PAL14H4 
PAL16R4 
PALI 6X4 
PAL16X4 



This example demonstrates how lusable logic can implement 
the basic inverter, AND, OR, NAND, NOR, and exclusive-OR 
functions. Note the one to one correspondence between con- 
ventional logic symbology and PAL logic symbology. The 
PAL12H6 is selected because it has 12 inputs and 6 outputs. 
For this this example, the (use pattern is generated using 


a) PALASM 

b) Manual Programming Format (BHLF) Manual Coding 
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Manual Coding Basic Gates 


INPUTS (0-31) 


5 6 7 9 9 10 11 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 


isanaonnnannnnnnnnnnninmraramiamEnmiiiiiiiiiiHiiaEiira 


wKKmmiumm 


<o Z UJ 

I £C 5 

CM w < 


I luuuuarauuuirjinnL^nnMrammuifZiinn^jHi 

aaaaaHaaHKnaaHFjnHEaiaHaaEiHaMi ayl 

^■cicicicicicicicicicicicicicicicicimciciciraciciciiDiDiniDiDiDiDl 

iMJ IlligBItltUBEBlBlBlBJHltaEilHiUlBligtgBimUlliatgillBl iTIl'MMBii niml 

FjmF3P3»FaQFiQn»unmciUFjra»FJ«cinrjFdriQrjrj»» 
|FJMarjMrL4a r Jaaiiii:iaMi;iiiiFdFJi;iiiir4aiiini^r3rdFipyrirdri 

^Mciciciciciciciciipciciciciciciinininciciciciipcicicunciciriipin 
l^^aDlDlPltg criEaDl DHIlEgiaCIlEaClDlCIiBlEBEgBlBa raElBl Bl BMElEa^EaEiEl 
■■iiiiuiiiiiiiiiiiiiiiiiviiiimMLiiiLiiiniiHiiiiiiMiiifiiimi 
nnnniiiiiiiiniiiiiinnnniiiinnnnnnnnnnnnnn 

□rjrjnaBiQaFdrjmHHraiiiaarjmHFJFjmcirdrirjrjrirjrjr^ 

^■UDClIDCICICICIininClCliniDIDIDClIDCICliniDCIClCIClCICICICIClCIID 

I^^ EnnigiBiigEaEaBiiaEiEniiBiBaraEitiaBiiaiaBiiaiaBiB3BiBiB3iatEiiina 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

F4!yrjaQEdQF3aariniarjiiini!anmKiai3i;iciaarj r drjrjrirj 

^■dDCI Cl Cl CUD Cl ID ID ID ID ID Cl Cl Cl Cl Cl Cl ID ID Cl Cl Cl Cl Cl Cl Cl Cl Cl ID Cl Cl 
Ijjj raoiataraiDCTiaigraiamEanaraigoiaiadaiaraiaiDiaCToraraBiia 
uiiuuniaHiaiaiiiiiiiaiiiaiiiiigiaiiiiiiiaiiLiii9iiiaiiiaiai9 
niiiiiinnniiniiiiiiiiiiniKiniiniiiiLiuiiiiiiuuLiHn 
iii«niaiiiaiai9iaiaia(iii(aiiiaiaigiaiiiaiaiaiaiaiauiiiiaiai9is 
CICICICI Cl ID Cl Cl ID ID ID ID Cl ID ID ID ID ED Cl Cl Cl CICICICI Cl Cl Cl Cl Cl Cl ID 
[ ^^^I EBil3I EgniniCEiDliHI33IIlIIl D3 E3I31Dl I31 IllEll]B01Iigi3iEiBlIHIllI!ElEilE3iin!lliaiiIi 

HiminiiiiiiiiiiiiiiiiKminniiiiLiuiiiigiiiiigiaiiiiisiaiaia 
HiaiaiainannniinmnuiaiaLHiniiiiiiianHiiiaiaiaiaiaii 
niiniinniaiiiiiaiiiiHigHiiiiiaiiiaiiiauiaiiiaiiiiHiiigii 

CICICICICICICICICICICICICICICICICICICICICICICICICICICICICICICICI 
^^EirararammraiaminramcaEiiOCTCiiaEaiaEiiiaiacaEJiacacaiiaEiciijii 

nnnnnnnnniiiiiaiiiaiiiiiiiiiiiiiiiiiaiaiaiiiiiaiaiiiau 
nnnnnnnnnnniinnnniinniiianniiiiiiniHnnnii 
iiiiiinnnnniinHnnniiniiniiniinnHiiiiiiHHiiHii 

Cl Cl ID Cl 111 Cl 111 Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 111 Cl CI 111 Cl Cl 111 Cl 111 111 111 Cl 111 111 111 
[cz-^ rammmiaiainiaiaraCTiniaiiJBainCTiHiamranradCTaiiJddiiim 

■nnnnnnnnniaiiiaiaiiiiiiiiiinnnnnnnnnniinnii 
niiiiNNiiNnnnHnnnnniinnnnnnnnnnnnnnii 
laiiiiniiniinmniiiinnmniinnnniaiiiiiaianiiniiiam 

■1 1 Cl Cl Cl 111 Cl Cl Cl Cl Cl Cl CI Cl Cl ID Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 111 III HI Cl HI Cl 

[EiSil tiHininEniHniajliaiiianEtEjnBam 

Cl ID ID Cl Cl Cl ID ID Cl Cl Cl Cl ID ID ID ID Cl ID CICl Cl Cl ID Cl Cl ID Cl ID ID CldCl 

□I'itJ^UUCICI b7JE3ID Cl t.JCJCICI U^llli;i 
OElEDE3KiEDElE2fc2fc3I • r/Jfc’JCl rDtlfc-JCIClEJU ICC tJi lE3fclH 
□ 11 f.’J LJ Vi W1 kJ t.’J K’J K3 CI Cl VI FJ Cl ID kJl n Cl Cl Ei LI Cl III El 171 HU U E3 

|C1C1C1IDC1C1C1IDC1IDC1C1 CICICICI CICICICI CICICICI Cl Cl C1CICICIIDCI 

rdrjrdFirdrjFirjnrdi;ir.iaFdiDiDrdrji;iiDF^g|cn;iEdnrdriaFdrdrj 
^^^ III!lIEOgHIBl[g]IiaiIHgIin!BIBlgn[nilIIHiiniIDliEaiB!lIHIBfflIB]IB3ffilIEaiBlElIBlIB3[B3iEaBBi]IEIIEa 

CICICICI ID Cl Cl Cl Cl Cl ID ID ID ID ID ID Cl ID Cl Cl Cl ID Cl Cl Cl Cl Cl ID Cl Cl ID Cl 

nnnnnnnnnnnnnnnnniiniiniiniiniiHHHiiDii 

iiiaiamiiimmaniaiiiatiumLiiaiimLiiaiiuiLaiiLiiiLiuiiiuii 

i^^ niiiiiinBtiiinanBnanBtBinagaiEDPEtEjnatmBZiioiiiiHiiHiEaiiatmiHigDtiaiBjagjBHtBJiiHgH 

Cl Cl Clip ID Cl Clip Cl Cl Cl ID Cl Cl Clip Cl Cl ID Cl Cl ClClID Cl Cl Cl Cl Cl Cl Cl Cl 
rarjrjrar ifjri :srjrji:iiJFiaciciFirjcicirjrjiDi:irjrjrjrjrirjrjrd 

iiiiiiiiiiniiniinHniinniinnnnnnnnnnnnninnii 
miuiinniinnnnnniinnnnnnnnnnnniinnnnn 

r/M^inrnirarra ira trairairafranTinTitranreiTrctmtramirrairanffiimiintairrairamiiranTitrairanfflnTi^ 

■■■CICICICICICICICICICICIIDIDCIIDIDCICICICICICICIIDCICICICIIDCIIDID 

[aiiiiniinnnniiiiiiiiiiiinnnnnnnLinLiiiiaiiniaian 
LirannnnnniinnnnnnniinnnNnnnnnnnnnnn 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

j r/wii.i if.iiiimtTTa n^tmn^tm train iirvitmtTTitmtmtmiminiiiiinwiTTnrrarranTiniiiiiiiitirrTiH^m^nTnirTi frTa 

IDIDIDID IDCICl III C1IDID Cl ID ID Cl ID Cl IDCI Cl CICICICI CICICICI CICICICI 

nniiiiiaiaiiiimiHauiaiaHHiiHiiiiiaiaiiiiniiaiiiiaBn 

nraiaiiiiiiiimiaiiiiBiaiiimaiaiaimaiaiiBiiiiiiiaBiiimiii 

iiiiHiamiMiaiiiiiiimiaiaiiiiiaHiiiiLiNiiiinniiniimii 

Ir.Wii.imniratrairaiwiH^tratratratratratTiritmiTmirntmrraiiiiiii^trarraimiri.itryjttinnrn trails tratriTitraira 

Cl Cl Cl Cl Cl Cl ID Cl ID ID ID ID ID ID ID ID ID ID ID Cl Cl Cl Cl Cl ID Cl Cl ID CICICICI 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBHBBBBBBB 

li'.';«i:i<i nT iii4iii^mn nTiimrrritTii tTrinriiintij:i n7ii tniinm m niiiimnnimtmnnnnninmimtmnniiiMHMn?3nn 

^HIDCICl Cl CICICICI Cl CICICICI Cl ID CICICICI Cl Cl Cl ID Cl Cl Cl Cl Cl CICICICI 
BBBBBnBBBBBBBBBBBBBBBBBBBBBBBBBB 

Ibbbbbbbbbbbb bbbbbbbbbbbbbbbbbbbb 

■■■HHBBiBHBBBBBniaBDIIBBBBBBBfl 


01 23456789 10 11 
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Design Specification PAL12H6 


PAL12H6 PAL DESIGN SPECIFICATION 

P0055A 

BASIC GATES EXAMPLE 
S.V. CA 

CDFGMN PQI GND JKLROHEBA VCC 

B=/A 

E=C*D 

H=F+G 

0=/M*/N 

R=P*/Q+/P*Q 

L=/I+/J+/K 

DESCRIPTION: THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO 
IMPLEMENT THE BASIC GATES. 

NUMBER OF FUSES BLOWN = 306 


PALASM Output HEX FORMAT 


B 

F 

B 

F 

7 

F 

r** 

F 

D 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F . 

9 

9 

9 

9 

9 

9 

9 

9 

I 

9 

F 

F 

9 

9 

F 

F 

9 

9 

F 

F 

9 

9 

F 

F 

9 

9 

9 

9 

9 

9 

9 

9 . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

3 

3 

1 

1 

I 

1 

1 

1 

1 

1 . 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

] 

1 

l 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

). 

I 

1 

1 

1 

1 

1 

1 . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 . 

1 

1 

I 

1 

1 

1 

1 

l 

l 

1 

1 

1 

1 

l 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 . 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

I 

l 

l 

1 

l 

1 

l 

1 

1 

1 

I 

l 

1 

1 

1 

1 

1 

l 

1 

1 

I . 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

E 

F 

F 

F 

E 

F 

F 

D 

F 

F 

F 

F 

D 

F 

F 

F 

B 

F 

F . 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

F 

F 

E 

E 

F 

F 

E 

E 

F 

F 

E 

C 

F 

F 

C 

E 

E 

E 

E 

E 

E 

A . 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

8 

C 

C 

C 

C . 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

C 

C 

8 

8 

C 

C 

8 

8 

C 

C 

8 

8 

C 

C 

8 

8 

8 

8 

8 

8 

8 

8 . 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 . 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 . 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 . 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 . 
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PALASM Output: Basic Gates 


BHLF Format PAL12H6 


BHLHHF BHHHHF BHLHHF BHHHHF BLHHHF BHHHHF BHHHHF BHHLHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 
BLLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHLF BHHHHF BHHHHF 
BHHHHF BHHHLF BHHHHF BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF BHLHHF BHHHHF BHHHHF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHHLF BHHHHF BHHHHF 
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHLLF BHHHHF BHHHHF 
BHHLLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHLHLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHHLLF . BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHLLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHHLLF BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHHLLF BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
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PALASM Output: Basic Gates 


Fuse Plot PAL12H6 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 

0 OOOO OOOO 0000 0000 0000 0000 0000 0000 

1 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

2 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

3 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

4 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

5 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

6 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

7 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

8 - X --00 --00 - -00 --00 /A 

9 xxxx xxxx xxoo xxoo xxoo xxoo xxxx xxxx 

10 xxxx xxxx xxoo xxoo xxoo xxoo xxxx xxxx 

11 xxxx xxxx xxoo xxoo xxoo xxoo xxxx xxxx 

12 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

13 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

14 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

15 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

16 X-X-. --00 --00 --00 --00 - C*D 

17 XXXX XXXX XXOO XXOO XXOO XXOO XXXX XXXX 

18 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

19 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

20 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

21 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

22 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

23 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

24 X --00 --00 --00 --00 F 

25 X-00 --00 --00 --00 G 

26 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

27 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

28 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

29 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

30 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

31 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

32 -00 -XOO -XOO - -00 /M*/N 

33 XXXX xxxx xxoo xxoo xxoo xxoo xxxx xxxx 

34 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

35 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

36 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

37 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

38 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

39 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 


40 --00 - -00 --00 X-00 -X- P*/Q 

41 --- 00 — 00 — 00 -XOO X /P*Q 


42 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

43 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

44 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

45 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

46 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

47 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

48 — 00 - -00 — 00 - -00 -X-- /I 

49 00 — 00 --00 --00 ---X /J 

50 --00 --00 --00 - -00 ---X /K 

51 XXXX XXXX XXOO XXOO XXOO XXOO XXXX XXXX 

52 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

53 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

54 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

55 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

56 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

57 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

58 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

59 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

60 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

61 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

62 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

63 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 


LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1) 

0 : PHANTOM FUSE (L,N,0) 0 : PHANTOM FUSE (H,P,1) 
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Application Suggestions 


EXAMPLE 2: 

6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
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Manual 
with Th» 





IBB 

■ 


pa 




B 


aaa 

■1 

■aaa 

BBB 

BMI 






a 


lji 




■IB 

a 

aa 


aa 

aa 

a 

aa 

aaa 

a 










■■■ 


B 


a 

a 

a 


aa 

aa 

a 

aa 

aaa 

a 






B 


■ H 




BIB 

a 

a 

a 


BB 

aa 

a 

a 

a 

aaa 

a 






B 




■B 


■IB 

a 

a 

a 


B 

■ 


a 

a 

B 

aaa 

B 





■5 

a 


■aa 




B 

aa 

a 

a 

a 


■aaa 

aaa 

aaa 

B 

Hi * 





a 


■a 


IH 


a 

aa 

aaa 

M 

a 

a 


a 

a 

a 

aaa 




■■IIPVIIIHIIMIIIHIIIIIIIBPIIM 

PUIMILfllirWIIMinilMIIIH'IM 1 
hi?» MMwaianwmwi— ■■■r'iJWMl 

^■■BBBBBBBBBMflBBBBBBBMBaaBHaaBBBBBM^£«l 

■KiniMHIBUMUMHiailiaiH 

fiamiiiiin 11 «■ 

iBiiPaiiiwiiBiiii ii mi 

■■■uiBiimiimiiiK in["iii 

F’MBBBMBBl.MaaaaMBBMBaBK''>.JBi 
.„ . ,„RL-^B !»!': BHBBBMBBaaBBBBH"]BBi ; 

LJBBBBBBBBBLJBHBBBHBBBBilBBHBaBBiJflBl 




IBIliaillBIIIIIIIBIIII 


uni 




r’SnlB 


a 


a 

Hi 

a 


a 


a 

BK> 


a 

a 

r 

m m 

a 

a 


BBB 

BBt"l 

a 



a 


a 


a 


a 


r 


a 

a 

a 


a 

BL 


BB 

BBB 

a 

a 

a 

BViJB 


r%iiB 


a 


a 


a 


L 


mb 


aa 

a 


aa 

aaa 

aaa 

■ “IB 

a 


Eoiaa 


a 


a 


B 


a 


u 

a 


a 

a 

a 


B 

a 

IB 

B 

aa 

■iiia 

a 


BBB 

■ 


B 


B 


a 


a 


a 

■ 

a 


a 

a 

B 


a 

a 


B 

a 

a 

BflBB 

a 


BBB 

■ 

HI 

a 


B 

HI 

B 


a 

HI 

a 

■ 

B 

HI 

a 

a 

a 

HI 

a 

a 

■ H 

a 

■ I 

BBB 

a 



mu 

Hill 


l■IIIBIII■lll■llll 


III ■■ll■llmilf■■l ■lll■■ll 1IHH 

iiiiaiiifliiiflilliiiiaiiiiiiiiPiiam 

r’iJBMBBMBBBHBBI«BP1BMIBBBaBflfl)flBI 

liJBBBIBBBBBBflBBiBBBHLJBBiBBflHBBBBiilBflHlTw] 


■ ■BBBBBBBBBIBBBBBBBBBBBBI 


■^^HHHIIII 

SF^iiiiiiiBiiii 


■lll■IIIBIIII 

F■lll■■ll■l■■l 


PiiBiiiBiiiBiiiBiiiaiiPiiiiimagai 

1idB«B8HBBBHBBmBBiailliiaBIP«I"lBBB»l 
^IBBBBBlBIBBBBiBBBWBBr’BiBBBBiBBbjrOJBBBZf I 

UflmiMBi«iBHBBiiiapiiHBfliBiB«!«i 

JBBMBBBMBBB— BB«BIBBBBBLJBBBBBaB.JBBBi*l| 
■iHBBBBBBBBBBIBBBflBBBilBBMaBBHflBBg|a| 

■HiBiiniiiBiiMiiiBiiiami 

IMBBBBHBBBBBBBBBBBBBBHBBBBBBBBHIBBBl 


imama mama^ 

IIIIBBB 


ll■lll■llll 

ipmiiHini 


BiiiBiiiBiiiHiiaiiiHiPaPiiam 

iBBBBBBBIBBBBHBBBBaBBflBi BBBBHBIidB I -IP 1 VB I 

MIBIBBflBIHBiaHlllBilir’BIIIB''iJLJB*«J 
BHIlBimBIIIIHIIIBillLJirilB lfllH*«1 

|MBBBBBBBBBBIBBBBaBBBBaBBBBBBBBMflBBBB||M| 
iBIBBBBBBIBBBBBBMBaBBflBBHBBBHBBBi 
■BBBBBBBBBBBBBBBIMBBBBBIBBflBBBBBiBBBi 


MBaillBIIIBIIIB 

B^jmiiwiimiim 


IMMIIII 


1111 

1111 


himiiii 


■■■■BBflflBBMBBBBBBBIMBBBHBBr'B.JBBBirW 
IBBBBB— BBB—BBBWBBBBBBBBBBBBI.JiBBB1^1 


■mi 

ami 

BJM 


IBBBHiaBBI 


IBBBHBBBHBBBBBBBBBBBBiBBBBBBBBBI 

IIIIBIIIBIIIBIIIIIIIBIIIHIIIII 

llll■lll■lll■ll■■lll■lll■lll■l| 
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.O I Manual Coding: 6-Bit Shift Register with Three-State Outputs 


CO 2 111 

X o c 2 

CM UJ < 

r — h z 


INPUTS (0-31) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 li 23 24 25 26 27 28 29 30 31 


troi iiniinnnnBinnwnnnnniriminnimitiiiiniriiHiinniinirnmii 

^■1 E3fe'JKJfc3 E2K3KJKa fc'JKfl ES&2K3&:J K3K3K3 &7SB*i KaFdKlKJ 

I raHrcakarcafcaEaFd ehkiejhi wk’jwwwuwk’j rcaKSKatza kium 

^■p4fe3fe3Mfc3Kiwiak3E3fiafc3KiKi^EiKaKJKJKirafc;at3v;jtiifejfc:jkai’. , 3F4ta&:j 

I rT^Tnmynfnmfnnifnnifn gn mfnnannfTaniimKTiimtTiiTininrnFnmtTifntTaFnmm 

fh y:i *;j ra u:i rca p.d t * a t ; a t :s its m &:j W3 v:s y:i 1 ;j ki i.*j F4 t :a &;a &:a l;* kj &;a &;a t;a rca f.4 v, 'i ki 

lYAYJIVIVMnTIViVIV.IMVimVIWimrAVWlUiViMVIUtollVIl’MIUlV'irAWm 

lEsrc- . ■i^j&.3rarak ? iraR , jrafcaB at.-ara 

|r.'7.i:i.< mKth tnm rnra gnmtnrimmrnn.iii^gnfnniinmnininininwitnB3mBimi-ia 

lfrafa^;JMfc3fcJF.4fe'JfcltJfe7JW&7JMMt7JC3F. ; 3WMWI.T3fclfe3671lrat:JHKJMKI 

^■F4F4F4FilF4F.4F4F4MF4F4E4F4ESF4MEJrjF4F4rdrdF4FdrdFdFdFdMMHFd 
Itidjj LuoioiEniiEitiioiiiiiiiniiiracanitiiiiiinBiBnaiaiiiBnaiaiapjEairiBaBa 

F*-'/JUKai irs • asaF^/siai stfirarasafaraorani a.-sc aiHEJHo 

F^rakarai'jariioraMEiMrararai'araEitaEiraMKaHiasaiaEaiiaEjiMMia 
■■F4Fi«F4F<IFJFiF4F4F4F4F4F4FJFjFaFlF3E^r3raFJFJUFJrJFJFJF4FJriiF<4F4 

[EjCTiiainigraraiarararamramrarainidmCTroramEHiaiHEimEjEiiEaiEiEiEi 

™nrjMHr«Mr4rj«MHWHrjriFjrjHFJHr3FVjrjHrarjr3F4F4F4F4 
F3F4F E3FJ iraCJrai^lFJrJFJFJ lEaEaEaFsIFJ JFJFJFJFJFJF^FiFjr IFflFJ 
|F4FdF4rdF4F3F4F4FdF.4FdFdF4F4FJEiFdFJFdFdF;3FdFJFJFdFdraFiMFdFdFd 
^■l3F4F4FJFJFJFJHF3FJFJFJF4F4FJEJFJEiFJFJFJEJFJtlEJRiF_4F3FJFjaF4FJ 
[KiianiraraiiraEaEaiiisEOEoracaotiiiiiinEEiiiiiiaiiniiaiiEaiiiiiiEiiiiiiii 
HFiciuEdUFiUHQEiunriHurjrirjurarjUFiFiEiHrjriFJFJ'iFj 
UF4FJEJFJEdF4FdFJEdK3EJUUrJFdEJFJFJE3FJUFJE3FJFdF4FdFJFJFdRJ 
FiFlE5IFiQiFJQiriUrfl[aiEJUUaFiEirdiF<iU»F4EJFiEJrjFJFJrd«UEi 

■ lF4FJFJMFdEJFJEaEdFJME4MFJFJirJFJEJFJEdFdiFJFJFJFJFJFdFJ«F3FJFJ 
l^^g BiBiEBiEEiraBiBiBiBiigEiEaEaciBiBaEiEaijaiiaEainiEBiBaEiEgiiiEaEEiiiaiiii 
■HMFJFJFdFJrJMFdFdFaFdFdrdFdrdraFdraFdFdF-irjiFWiFaFiFJrjFJMMF-ird 

|F3mFaFJF3raF3EiESQraFJrJE5FdFJEdCdF3FJHKiFJF4FiR3F3F4F4FJiFJFii 
|raiEJFdira FJCJFJEJHMFJfJ RIEJF5H EdFalFaH CdlFdFdFJ F4F3RaFJFdFJFaFl 

■ IraMHEJFJFaFJFaEiRlF^EaFJFdEJFaFJFilFaFaFdF^FiFdRiFdFdiFJF^FjaRaFa 
|^^ ioiaiaBiBiiaBiBiBMa»oEna»aBiBnaDiiaioiaiaiaBiBiiapic!naiaijaia 
■■ FdFilFdFd FJFJF4F3 EdFdFdFd MFdFdrdFdFdFlFJ F4F4F4F4 F4FJF3FJ F4FJF4E3 

FdFJFdFd FdFHFdFi raFdFdFd rJFdFdFJ FJFJEJFJFJFJFdEd Fi RJFdEd FdFJFdFJ 
EJF4HMFJrdFJF4F^rJFJFdirjFJFdlFJFariIMF4F4Fd«FIFdFJFJFdF4F4FjaFJ 
H lEJEdEdFdEdFJF3FdFdFaFdCdE3F3FaF3FdFdCJFJFdEIEdEdr i JFdF3F3FdiaEdEJ 
I ^^DjH iHiiEHiijHBaiEHiEDnMiijBiEatEatEHtBamgiEiiEiaMimnBnHganHOBtmiiDiiHnaiiBBHBiaaHiia 


L^FJHf.iut’iUE!k'Junnwc:iRwtiut3F,anuui;jHf'j«i;jMr4Wi.'j 

[^^ [BjUHlEmiBlIHHEaimiHHEBlEangJIBUBgmaiBUHaiHjllinilHgHIBHEgiEBtlHilDIBHEaffHffiHffEHEBEBal 

^Mfcjt7JtzaL'j5^tJLi&;i6.i^'aL : ai;a*;3^jh T aMt. : !fc7!e7Jfc’J2w:i6^it;j&:afc:iw:akViC3t.-atii;jb'i| 

|Eat.jfcitjitiEJfc3tit3fc73»nit;3^^fc^fc3f;3fc;3^a^jFa6 r !Srat:;6’afc:i:fe::t'!UiWFdii:air;3l 

| r7r^frti5nin r ^fnifTTifra [tri irT]trri[TTii7TirTiirniirrTri[rr3i7iin:iifFni»jn:^inT!iwiFnrrotrTimntTOi^i iMtmimmj| 


HHFiiMHEdFaHaaFaaFjFdrdaFdFaFdFa^iEJEaFdi&iaiEaaEaFaaal 
raFdOME3KaF73EIE^KSiE2^M^R ; 3fcrJfe’3MBaEi6JEafJaSi3EaKfl^EaKJt36FZfll 

MEaHHanHHHHHraBKiaHfc^HHra^aHtaMigEaHH Ej^ 

l i'.;.i:i.i trrri5nirmrmiiti >miiiii[tjnTiiiui['nrrniiMiii l ifrTirrTiit;>iittifTOrm r mrtn rtn[fniWnti nmffn in>irtrMMj 


FdFdHIFdlFdFdFdSiEiEjlEaFdF3FdQ5d&IEdEdFilFdEdFJEJEdFdEdF3EdEdFdFa 
fj fr/a irj fr.'j v:\ y j k j ta taw wi t; j &;j v.t \:x y/i y;i y;i m usy.-i b j kk-a &:a rj & ; a fc«; a 
Fjfc:afr7j^fcjfcjwfr'aFifc’3t7ifcJi6'jir:3Wir;it,’ji;jt.-at7at;irdWHMW^afc;ard«t^&;a 
i/ji/jt.jtj t/dt.attat.a t/jtjjRiF.a » • je jeji/j tiBaczicg fjeji a 

iVi’j.i^ tni tni oi3 iu]Q]u tig tiiJLLU nil rra nil niigBgiDiiaiiHiiiiiignBOij iinirn trnhtiiinrm nil [rnratTFi [rama 
^™a«f3F3FiiFdFdFaF3F3FaFaFaFiaF4F3FaF3EyF3F3RF4Fj'F-arJFdirdFiiFdFdFi 
FJf3!3IF3RFa3F3FJFaraF3Fi3FaFaF3FaP?aE3FaHF3FiJF3FslF3FdFSF4E3rard 
FidFil^FdraF-iFaFaFa«FaFaF3FaraFaFj|&aFdraFaFdFdFlFaFaF3RIFi!iF3FdFJ 
^■EdQiFdFdFdFaQFdaEaFaFdFiFaFaFaEaFdEdFdEa&IBFdEdaraEdFdFaaiFa 
tvMiia n^inin^tnnimirHnTinTirmn^nrTnfmtT^ imtm tmn^ininTaninn^trniriiiivitrnirnirntrriHHiii'iniijtria 
^^■FdFi3FaFdCJQraCdFdFJFdF3FdF4F3F3F3F3F3R2F r 3F3F3FiaF-aF4EJRIF4F3F3F3 
IF3«FdRirdl KIFaF PaF3FdFdr3F3FaraRjFr IF3F3FJF3F3ra 73Fd 

FdE«rdFd»FaFdrjF3FardFdrdlFdEdFdFdFdFdFdF3FdF3FlF3FaFaFdFdFdFJFd 
FJ Fd Fi F3 Fd Fd FJ FJ FJ F J Fd F J FJ F4 F4 r=3 Fd FJ Fd Fi Fd Fd F d F d F J F J Fd M Fd F d F d Fd 
EZsEEI tEDIHUBHIB IKMSIII11I3] tEHEHEHEi] tE3tEDIE3tI33 CCHIEIJtBatEB tEntEatEDIEHIIilDtliHIEnana tEatEEtHHEQ 
^^■EiFJFlFd FdFdFJFd F3E3E3Fd FiFdCJFd QF3F3F3 F4F3EIE4 F3F3HF4 F3EUF3C3 
E3EJE3FdFJFdFdFiaFdFdFdFdrdFdFdFdFdFaFdF3FjFd»FaP3F3FdF3FJFdF3Fd 
CJEdEdEdFdFdFiFdFdFdFdFaF3EIEdEJFdF3FaFaF3Rir3F3raFdFdF3FJFdF3Fi 
^■EJFdFdrdFdraFdirjFdrdFdFarjFdFda r dF3F3FdF3r3Fyr4FjnF^FdFardFdF3 
Lm-a na nans iis [Ei csnsiiatm cairn ns G 2 niD iigiiatii] initials] tra naimiia ori na on he naniLi nil tna 
■■P«3E3FaF3F3FdFaF3FaF3FdFdQF3F3RirdrjF3rdr3FdFdFdFiiF3rdF3FdFJFd 
QOFdnFiFJRQFaFBFdQ^FilFiQQraanrirjHHFjriF^rjFJFJFd 
EIE3E3IFaFaEIFaF3FacaFijFdFaFaFJ?3FdE3HFdFJEaFJrjaFaMraF3FJFdFaFd 
raFaFaraaEdFaF-raFa^FdFaEaF 1 3 fjfjh ■ ; 7:a: v 3FJFaP3FaFiEJFdEdFa 


0 4 83 

. ; 03 55 

UJ Oj 47 

H 0, 39 


0 1 2 3 4 5 


7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 


Design Specification PAL16R6 


PALI 6R6 PAL DESIGN SPECIFICATION 

PAT0005 

6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
MM I , SV 

CK SR DO Dl D2 D3 D4 D5 SL GND /E R I LO Q5 Q4 03 Q2 Q1 QO LIRO VCC 
I F ( SR*/SL) /LIRO=/QO 

/QO := /SR*/SL*/Q0 + SR*/SL*/Ql + /SR*SL*/LIRO + SR*SL*/D0 
/Q1 := /SR*/SL*/Q1 + SR*/SL*/Q2 + /SR*SL*/Q0 + SR*SL*/Dl 

/02 := /SR */SL*/Q2 + SR*/SL*/Q3 + /SR*SL*/Q1 + SR*SL*/D2 

/Q3 := /SR*/SL*/Q3 + SR*/SL*/04 + /SR*SL*/Q2 + SR*SL*/D3 

/Q4 := /SR */SL*/Q4 + SR*/SL*/Q5 + /SR*SL*/Q3 + SR*SL*/D4 

/Q5 := /SR*/SL*/Q5 + SR*/SL*/RILO + /SR*SL*/Q4 + SR*SL*/D5 
IF(/SR*SL) /RI LO=/Q5 

DESCRIPTION: 

THE 6-BIT SHIFT REGISTER WILL HOLD , SHIFT RIGHT, SHIFT LEFT, OR LOAD 
ON THE RISING EDGE OF THE CLOCK (CK). 

THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND 
ENABLED WHEN ENABLE LINE ( /E ) IS LOW. 



OUTPUTS 

RILO ! Q5 Q4 Q3 Q2 Q1 QO ! LIRO ! OPERATION 

Z ! Q5 Q4 Q3 Q2 Q1 QO ! Z ! HOLD 

Z ! Rl Q5 Q4 Q3 Q2 Q1 ! Q1 ! RIGHT SHFT 

Q4 ! Q4 Q3 Q2 Q1 QO LI ! Z ! LEFT SHFT 

Z ! D5 D4 D3 D2 Dl DO ! Z ! LOAD D 


NUMBER OF FUSES BLOWN = 818 


PALASM Output hex format 

E1FFFFFDFFFBFFF7FFFFFFFFFFFFF0FF. 
1 FFFFFFEFFFDFFFBFFF7 FFFFFFFFF1 FF . 
E0ECEEEAEEE6EEEEEEEEEEEEEEEE0 e‘e E . 
QEEEECEEEAEEE6EEEEEEEEEEEEEE0EEE. 
00000000000000000000000000000000. 
oooooooooooooooooooooooooooooooo. 
00000000000000000000000000000000. 
00000000000000000000000000000000 . 
FOFFFFFFFFFFFFFFFFFEFF F D FFFB78FF. 
8FFFFFFFFFFFFFFFFFFFFFFEFFF5F8FB. 
70777777777777767775777377770777. 
07777777777777777677757 7 73770777. 
00000000000000000000000000000000 . 
00000000000000000000000000000000 . 
00000000000000000000000000000000 . 
00000000000000000000000000000000 . 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 


BHLF Format PAL16R6 


BHHHLF BLLLHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHLHF 
BHHHHF BHHHHF BHHHHF BHLHHF BHHHHF BHHHHF BHHHHF BLHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BLLLLF BHHHHF BHHHHF 
BLLLHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHLF 
BHHHHF BHHHHF BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF BHLHHF 
BHHHHF BHHHHF BHHHHF BLHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BLLLHF BHHHHF BHHHHF 
BHHHLF BLLLLF BHHHLF BHHLLF BHHHLF BHHHLF BHHHLF BHLHLF 
BHHHLF BHHHLF BHHHLF BLHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BLLLLF BHHHLF BHHHLF BHHHLF 
BLLLLF BHHHLF BHHHLF BHHHLF BHHHLF BHHLLF BHHHLF BHHHLF 
BHHHLF BHLHLF BHHHLF BHHHLF BHHHLF BLHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BLLLLF BHHHLF BHHHLF BHHHLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BHHHHF BLLLLF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHLF BHHHHF BHHHHF BHHHHF BHHLHF 
BHHHHF BHHHHF BHHHHF BHLHHF BLHHHF BHLLLF BHHHHF BHHHHF 
BHLLLF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHLF 
BHHHHF BHHHHF BHHHHF BLHLHF BHHHHF BHLLLF BHHHHF BHLHHF 
BLHHHF BLLLLF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHLF 
BLHHHF BLHHHF BLHHHF BLHLHF BLHHHF BLHHHF BLHHHF BLLHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLLLLF BLHHHF BLHHHF BLHHHF* 
BLLLLF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHLF BLHHHF BLHHHF BLHHHF BLHLHF BLHHHF BLHHHF 
BLHHHF BLLHHF BLHHHF BLHHHF BLLLLF BLHHHF BLHHHF BLHHHF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
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PALASM Output: 6-Bit Shift Register Fuse Plot PAL16R6 

with Three-State Outputs 





1 1 

1 1 r 

Ill’ 

222? 

2 22 2 

2233 



0123 

4567 

8901 

2345 

6789 

0123 

4 567 

8901 


0 

1 

X 

X 

— 

— 

— 

— 

— - 

- X — 

SR*/SL 

/oo 

2 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


3 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


4 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


5 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

XXXX 

xxxx 


6 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


7 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


8 

-X-- 

X 

— 

— 

— 

— 

— 

- X — 

/SR*/SL*/Q0 

9 

X 

— 

X 

— 

— 

— 

— 

-X-- 

SR*/SL*/Q1 

10 

-X-X 

— 

— 

— 

— 

— 

— 

X 

/SR*SL*/LIRO 

1 1 

X 

- X - - 

— 

— 

— 

— 

— 

X 

SR* SL*/D0 

12 

XXXX 

xxxx 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


1 3 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


1 4 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


15 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


1 6 

-X-- 

— 

X 

— 

— 


— 

-X — 

/SR*/SL*/Q1 

17 

X 

— 

— 

X 

— 

— 

— 

- X — 

SR*/SL*/Q2 

18 

-X-- 

X 

— 

— 

— 

— 

— 

X 

/SR*SL*/Q0 

19 

X 

— 

-X-- 

— 

— 

— 

— 

X 

SR*SL*/Dl 


20 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

21 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

22 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

23 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


-X-- --- 

x - 

--- — 

-X-- /SR*/SL*/Q2 

-X-- --- 
X 

: :::* : 


X--- /SR*SL*/Q1 

X--- SR*SL*/D2 


28 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

29 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

30 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

31 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


32 

-X-- 

— 

— 

— 

---X 

— 

— 

- X - - 

/SR*/SL*/Q3 

33 

X 

— 

— 

— 

— 

X 

— 

-X-- 

SR*/SL*/Q4 

34 

-X-- 

— 

— 

---X 

— 

— 

— 

X 

/SR*SL*/Q2 

35 

X 

— 

— 

— 

-X-- 

— 

— 

X--- 

SR*SL*/D3 

36 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


37 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


38 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


39 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


40 

-X-- 

— 

— 

— 

— 

X 

— 

-X-- 

/SR*/SL*/Q4 

41 

X 

— 

— 

— 

— 

— 

---X 

-X-- 

SR*/SL*/Q5 

42 

-X-- 

— 

— 

— 

X 

— 

— 

X 

/SR*SL*/Q3 

4 3 

X 

— 

— 

— 

— 

- X - - 

— 

X 

SR*SL*/D4 

44 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


45 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


46 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


47 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


48 

-X-- 

— 

— 

— 

— 

— 

X 

- X- - 

/SR*/SL*/Q5 

49 

X 

— 

— 

— 

— 

— 

— 

-X-X 

SR*/SL*/R I LO 

50 

-X-- 

— 

— 

— 

— 

X 

— 

X 

/SR*SL*/Q4 

51 

X 

— 

— 

— 

— 

— 

-X-- 

X 

SR*SL*/D5 

52 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


53 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


54 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


55 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


56 

-X-- 

— 

— 

— 

— 

— 

— 

X 

/ SR* SL 

57 

— 

— 

— 

— 

— 

— 

X 

— 

/Q5 

58 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


59 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


60 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


61 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


62 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


63 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


LEGEND 

X 

: FUSE NOT 

BLOWN (L, 

N , 0 ) 

- : 

FUSE 

BLOWN ( H , P i 
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Application Suggestions 


CONTROL STORE SEQUENCER 

Solutions to control store sequencing are as 
varied as the problems that are solved by 
microprogrammed hardware. The traditional 
approach tends to be horizontally structured, 


whereas the application described here is 
designed for use with a vertical control store 
structure. The vertical control store has narrow 
control fields and may share field functions to 
increase efficiency. It is fast. 



Control Store Sequencer Logic Schematic. 


24-176 



How It Works 

This control store sequencer is designed to 
use a minimum of control bits while providing 
sufficient sequencing flexibility. Only three 
bits are required for the basic sequencer con- 
trol. They make three things happen: 


CSA = CSA + 1 Increment control store address 
CSA = CSA + 2 A sort of branch instruction 
CSA = BA Load a branch address 

The three control bits are SKIP, COND, and TF. 

Skip defines whether the sequencer will skip 
or load. 

Cond is the condition that is tested to see if 
the sequencer executed the operation defined 
by Skip. 

TF defines whether Cond is tested true or 
false. 

Table below lists all of the states the se- 
quencer can assume. 


Sequencer States 


Skip 

Cond 

TF 

Operation 

0 

0 

0 

Load 

0 

0 

1 

Increment 

0 

1 

0 

Increment 

0 

1 

1 

Load 

1 

0 

0 

Skip 

1 

0 

1 

Increment 

1 

1 

0 

Increment 

1 

1 

1 

Skip 


There are two additional control bits, whose 
use is left to your discretion. They are / SET and 
/TSEN. 

/Set is a synchronous preset that is usually us- 
ed as a power-on reset; however, it may also be 
used as a one-bit vector to the last ad- 
dressable location during normal operation. 

/Tsen is the enable for the TRI-STATE^M out- 
puts. This has several possible uses, one of 
which might be testing the hardware by the 
method of disabling the outputs, then supply- 
ing a test address from an external source. 

The sequencer generates ten bits, which are 
divided into two parts. The least-significant 
four bits are constructed from a PAL16R4, and 
control the skip operation. During a skip, the 
state of the LSB is maintained and the next 
three bits function as a three-bit binary 
counter. During an increment, all four 


least-significant bits function as a binary 
counter. Carry out (ICO) is generated during 
skip when CSA-) through CSA 3 = 1, and during 
increment when CSAq through CSA 3 = 1 . 
Load (/ LD) is also generated by the 
least-significant part, as a function of COND 
and TF. (See table below.) 


/LD States 


TF 

Cond 

/LD 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 


The most-significant six bits are constructed 
using a PAL16R6, functioning as a six-bit 
binary counter with carry-in (Cl), synchronous 
load (/LD), and synchronous set (/SET). There is 
an extra pin that can be used to generate 
carry-out if you need more than ten bits. 

System Integration 

One of the first features that is desirable from a 
system standpoint is the expansion of the 
COND input to accommodate more than one 
condition for testing. The can be done nicely 
by using a 16C1 as a multiplexer. In this 
scheme, four terms are used as input selects. 
This leaves 12 terms to be used as condition in- 
puts. This might seem wasteful at first, as 4 
select terms could decode 16 inputs. Using the 
PAL, however, it is only a superficial waste, and 
the trade-off is the greater design flexibility 
you have by comparison with a standard 
multiplexer. 

One COND output should be either true or 
false in order to generate unconditional in- 
crements, skips, or branches. The true or false 
state needs only to be a function of the four 
select terms, and doesn’t require a condition 
input to be grounded or pulled up. Other func- 
tions, such as AND, OR, or XOR, can be per- 
formed on the condition inputs internally, 
too--functions a multiplexer would force you 
to design in external logic. 

The following Figure shows how the sequencer 
design described here can be integrated into a 
system that provides subroutine capability. In 
the figure, the same control-store field is used to 
generate literals and branch addresses. 
Subroutining is accomplished by loading the 
return address into the register file before the 
subroutine jump is taken and then reading the 
return address out of the file when the 
subroutine's return executes. 
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Control Store Sequencer, 
Most Significant Stage 


Design Specification PAL16R4 


PRL16R4 P 

PAT 0 0E8 

CONTROL STORE SEQUENCER * LEAST S 1 GN I F I CANT STR6E 


PRL DESIGN SPECIFICATION 


CLK NC TP SKIP .--SET ERO BR1 ERE ER3 GNU --TSEN --CO -LD 
CSR3 CSRE CSR1 CSAO -ICOND COND VCC 


SET* • - 1 C □ N D ♦ C S R U + S E T ♦ I C 0 N D ♦ S K I F* ♦ C S h 0 + S E T ♦ I C □ N D ♦ / S K I P ♦ E R 0 


C S Hi : = S E T ♦ C S R 0 ♦ C S R 1 ♦ / 1 C ONH + S E T ♦ I C 0 N D ♦ ✓ C S R 0 ♦ C S R 1 
+ S E T ♦ I C □ H D ♦ S K I P ♦ C SRI + SET* I CO N D ♦ ✓ S K I P ♦ B R E 


■ C S RE • — SET* ■ I C 0 H D ♦ C S' ft 0 ♦ C S ft 1 ♦ C S ft E + SET* I C 0 N D ♦ C S ft 0 ♦ C S ft £ 
+ .--SET ♦•-"LD*.-"CSft 1 ♦.-CSftE + .-'SET*.-' I COND*SK I P*CSft 1 *CSfi£ 

+ S' ET*ICO N D ♦ -- S K I P ♦ E R E 


"CSRE : = -•■'SET*.-' I COND*CSftO*CSft 1 *CSRE*CSftE 

+ -••' S E T ♦ I C 0 N D ♦ C S R 0 ♦ C S ft 3 + -"SET*-'LD*/CSR1 *^CSR3 . 

+ SET* / L D ♦ •••" C S ft E ♦ / C S ft 3 + --SET* I COND*SK I P*CSfi 1 *CSftE*CSft3 
+ --'SET* I COND*.-' SK I P* - ER3 


I F < V C C > C 0 = C S R 0 ♦ C S ft 1 ♦ C S A E ♦ C S fl 3 

+ TF*CDN D*SK I P*CSR 1 *CSft£*CSR3 
+ .-- T F * COND* S K I P ♦ C S ft 1 ♦ C S RE* C S R 3 


IF <VCC> ICOND = TF*CDND + -" TF^.-COND 


IF <VCC> LD = TF*COND*.-"SKIP + -• TF*.--COND*.-SKIP 


DESCRIPTION: SEE TEXT 


PAL16R4 



Logic Symbol 


Control Store Sequencer, Least Significant Stage, Design Specification. 
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Control Store Sequencer, 
Most Significant Stage 


Fuse Pattern PAL16R4 


TF*CONB 
/TF*/ CDNB 


' SET* / I C □ N B ♦ C S Fl 0 
SET* I CDNB*SK I P*/CSfl (i 
' S ET* I CDND* / S K IP*.'' B A 0 


/SET*CSAO*CS'A t ♦/ 1 COND 

S E T ♦ I C □ N B ♦ C S fl 0 * / C S fl 1 

- — /SET ♦ I CONB*$K I P*CSA 1 
■ • S E T ♦ I C 0 N B ♦ / S K I P ♦ / B A £ 


...-SET* ■ I C ONB* C S fl 0 ■ ♦ C S fl 1 ♦ C S fl £ 

/SET*/ 1 C OMB*/ C S ft 0 ♦ / C S ft £ 

-X- /SET */LB*/CSA 1 */CSA£ 

/SET*/ I CQMD*SK I P*CSfl 1 *CSfl£ 

< /SET* I CONB*/SK I P */Bfl£ 


— X- — X- X-X- — X- — X- /SET*/ I CONB*CSft 0*CSfl 1 *CSfl£*CSfl3 


'SET*/ I CDHD*/CSfl 0*/C 
SET */LD*/CSfll */CSfl3 
" SET* / LB* / C S fl£ ♦ / C S fl 3 
SET* I COMB*SK I P*CSA 1 


As: 

fll*CSA£*CSA3 


X — /SET*ICOMH*/SK IP*/Bfl:- 


TF*COMB*/SK I P 

/ T F */ C □ M B ♦ / S K I P 


CSflO*CSfll*CSA£*CSA3 

. — T F ♦ C 0 M B ♦ S k I P ♦ C S fl 1 *C S A £ ♦ C S ft 3 

/TF */CONB*SK I P*CS ft 1 *CSfl£*CS fl3 


Control Store Sequencer, Least Significant Stage, Fuse Pattern. 
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Control Store Sequencer, Design Specification PAL16R6 

Most Significant Stage 

PRL1GRG PAL DESIGN SPEC I F I CRT I ON 

PAT 0029 

CONTROL STORE SEQUENCER. MOST SIGNIFICANT STAGE 

CLK ••-SET EA4 BA5 ERG ER7 ERS Eft 9 /LD GND -"TSEN NC CSR9 CSR8 CSR7 CSAG 
CSR5 CSR4 .-'Cl VCC 


CSA4 : = 


/CSR5 : = 


/CSR6 = = 


/CSR7 : = 


/CSR8 : = 


■■-'CSR9 : = 


DESCRIPTION: 

THE 6-BIT COUNTER INCREMENTS WHEN THE -"LD LINE IS HIGH 
IF CARRY AND .-'SET. THE OUTPUTS ARE ENABLED WHEN .-TSEN IS LOU. 


a 

-•"SET 

! 

Cl ! 

--'LD 

! CLK 

CSR ! 

OPERATION 

1 

{ 

L 


K ! 


■ L-H 

ALL. HIGH t 

SET 

1 

V 

H 


X ! 

L 

! L-H 

EA ! 

LD 

1 

• 

H 


H ! 

H 

! L-H 

CSR f 

NOP 

1 

• 

H 


L ! 

H 

! L-H 

CSA PLUS If 

I NCR 

1 


Control Store Sequencer, Most Significant Stage, Design Specification. 


-■" SET* C S A 4 ♦ C I ♦ L D + C S A 4 ♦ C I ♦ L D ♦ SET + S E T ♦ L D ♦ E A 4 


SET* C S A 4 ♦ C S A 5 ♦ C I ♦ L D + .-" SET* •-" C S A 5 ♦ -■" C I ♦ •••" L D 
+ SET* C S A 4 ♦ .-" C S A 5 * L D + -•" S E T ♦ L D ♦ -•" E A 5 


•••" S E T ♦ C S A 4 ♦ C S A 5 ♦ C S AG* C I ♦--'LD + -"SET*.'"CSAG*-"C I ♦ -•"LD 
+ --' C S A 4 ♦ •-" C S AG* L D ♦ --' S E T + --'SET * C S A 5 ♦ C S AG* •■- L D 
+ --'SET *LD*-"EAG 


" SET* C S A 4 ♦ C S A 5 ♦ C S AG* C S A 7 ♦ C I * -■" L D 
+ S E T ♦ -•" C S A 7 ♦ C I ♦•••"LD + .--SET*--'CSA4*.-'CSA7*--'LD 
+ --' SET* •■•- C S A 5 ♦ --' C S A 7 ♦ L D + --' SET* -• ' C S AG* --' C S A 7 ♦ ••-' L D 

+ LD*-"BA7*--'SET 


--' S E T ♦ C S A 4 ♦ C S A 5 ■ ♦ C S AG* C S A 7 ♦ C S A8 ♦ C I ♦ L D 

+ ••-' SET* •-" C S A 8 ♦ •-" C I ♦-•"LD + --'SET*--'CSA4*--'CSA8*--'LD 
+ --' SET* •-" C S A 5 ♦ --' C S A 8 ♦ --' L D + --' SET* --' C S AG* C S A 8 ♦ -•" L D 
+ S E T ♦ •-" C S A 7 ♦ C S A 8 * - " L D + .■■SET*LD*--'EA8 


-•- SET* C S A 4 ♦ C S A 5 ♦ C S A G ♦ C S A 7 ♦ C S A 8 ♦ C S A 9 ♦ C I ♦ L D 
+ S E T ♦ C S A 9 ♦ C I ♦ •-" L D + --' SET* -•" C S A 4 ♦ -•" C S A 9 ♦ L D 
+ •-' S E T ♦ --' C S A 5 * - C S A 9 ♦ --' L D + •••" S E T ♦ •••" C S AG* C S A 9 ♦ •-' L D 
+ -•" S E T ♦ C S A 7 ♦ •-" C S A 9 ♦ L D + -•" SET* -•" C S A 8 ♦ •-' C S A 9 ♦ -•" L D 
+ --'SET *LD*-'EA9 
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xxxx 
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xxxx 
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/•. X X 

xxxx 




xxxx 


x — x 


— 

— 

— 

— 

— 

X 

SET ♦CSh4*C I */LB 

x-x- 

X 

— 

— 

— 

— 

— 

X 

CS R4 ♦/C I +/ LD*/SET 

X 

-X — 

— 

— 

— 

— 

— 

-X — 

'"SET •LD*/Bh4 

xxxx 

xxxx 

XXX/. 

xxxx 

xxxx 

xxxx 


xxxx 



xxxx 

vvvv 

vvvv 

xxxx 

xxxx 

vvvv 

xxxx 


xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

vvvv 

X. x .XX 


X — X 

— X- 

v_ 

— 

— 

— 

— 

V 

/SET ♦CSft4^CSft5*C I */LB 

x-x- 

— 

X 

— 

— 

— 

— 

X 

/ S E T ♦ / C S ft 5 ♦ / C I ♦/LD 

X 

X 

X 

— 

— 

— 

— 

X 

S E T ♦ / C S ft 4 ♦ / C S ft 5 ♦ / L D 

xxxx 

ww 


xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

/SET»LD^/Bft5 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


xxxx 


x — x 

— X- 


— X- 

— 

— 

— 

x 

/SET ♦CSft4»CSft5*CSft6*C I ♦/LD 

x-x- 

— 

— 

X 

— 



X 

/SET ♦/CSft6*/C I ♦/LB 

X — 

X 

— 

X 

— 

— 

— 

X 

, C S ft 4 ♦/ c S ft 6 ♦/ L D ♦ / S E T 

X 

— 

X 

X 

— 

— 

— 

X 

/ S E T ♦/ c S ft 5 ♦ / C S ft 6 ♦ / L D 

X — 

— 

— 

-X-- 

— 

— 

— 

-X — 

■SET ♦LD*/Bft8 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


xxxx 

xxxx 
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xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


xxxx 

xxxx 

XXXX 

xxxx 

xxxx 

xxxx 

xxxx 
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X — X 

— X- 

x- 

— “X— 

— x- 

— 

— 

X 

/SET ♦CSft4^CSR5»CSft6*CSR7*C I ♦/LD 

x-x- 

— 

— 

— 

X 

— 

— 

X 

/SET»/CSft?»/CI»/LD 

X 

X 

— 

— 

X 

— 

— 

X 

/SET ♦/CSR4»/CSR7^/LD 

X 

— 

X 

— 

X 

— 

— 

X 

/SET ♦/CSR5^/CSR7*/LD 

X 

— 

— 

X 

X 

— 

— 

X 

/SET*/CSR6*/CSR7^/LD 

LD»/Bft7»/SET 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


X — X 

— X- 

X- 

— X- 

— X- 

— x- 

— 

X 

SET ♦CSft4^CSfl5»CSR6»CSft?*CSft8^C I 

x-x- 

— 

— 

— 

— 

X 

— 

X 

•••'SET ♦/CSfi8»/C I */LD 

X 

X 

— 

— 

— 

X 

— 

X 

/SET^/CSft4^/CSR8^/LD 

X 

— 

X 

— 

— 

X 

— 

X 

/SET^/CSft5»/CSR8»/LD 

x 

— 

— 

— x 

— 

X 

— 

X 

/SET ♦/CSft6»/CSft8»/LB 

X——— 

— 

— 

— 

X 

X 

— 

X 

/SET^/CSR7»/CSR8»/LD 

X 

— 

— 

— 

— 

-X — 

— 

-X — 

/SET ♦LD*/Bft8 

xxxx 

X X X X 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 


X— X 

— X- 

-X- 

— x- 

——X— 

— X- 

— X- 

X 

/SET ♦CSft4»CSft5»CSft6»CSfi7^CSR8»C 

x-x- 

— 

— 

— 

— 

— 

X 

X 

/SET ♦/CSfi9»/C I ♦/LD 

X 

X 

— 

— 

— 

— 

— — X 

X 

/SET ♦/CSfl4^/CSR9»/LD 

x 

— 

X 

— 

— 

— 

X 

X 

/SET ♦/CSft5*/CSfi9*/LD 

X 

— 

— 

X 

— 

— 

X 

X 

/SET^/CSft€>»/CSft9»/LD 

X 

— 

— 

— 

X 

— 

X 

X 

/SET^/CSR7^/CSR9*/LD 

X’——— 

— 

— 

— 

— 

X 

X 

X— — — 

/SET ♦/CSR8»/CSR9»/LB 

X 

— 

— 

— 

— 

— 

-X— 

-X — 

/SET ♦LD*/Bft9 
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MEMORY-MAPPED I/O Functional Description 

Memory-mapped I/O is an interface technique The figure below shows a circuit that is typical 

that treats I/O devices’ physical addresses as of those found in memory-mapped I/O applica- 

undifferentiated from memory address space, tions. The inputs to the decode logic are the 

That is, no Memory-I/O decoding is required, system memory address lines, Ao-Ap. The 

Furthermore, most computers have more in- logic shown compares the address on the 

structions to manipulate the contents of memory bus with the programmed comparison 

memory than they have I/O instructions, address. When an address on the bus matches, 

Therefore, the use of memory mapping can the corresponding I/O port enable signal is set. 

make I/O control much more flexible. PALs can In conjunction with other system control 

be used to make memory-mapped I/O im- signals, this enable can be used to transfer 

plementation easy, even if changes in memory data to and from the system data bus. 

addresses are required. 

PORT 0 = 1F78 

ABF 
ABE 
ABD 
ABC 
ABB 
ABA 
AB9 
AB8 
AB7 
AB6 
AB5 
AB4 
AB3 
AB2 
AB1 
ABO 

MEMORY MAPPED 10 



PORT 1 = 1F79 
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PAL Design 

One PAL16L2 can be used to monitor a 16-bit 
address bus, fully decode addresses, and fur- 
nish enables to two ports, each of which could 
be anywhere within 64K of address space. Par- 
tial decoding for a larger number of ports could 
be done using other members of the PAL fami- 
ly. 

Typical logic equations for the memory-map- 
ped I/O logic are as follows: 

Port 0 = /ABO • /AB1 • /AB2 • AB3 • AB4 • 
AB5 • AB6 • AB7 • AB8 • AB9 • 

= ABA • ABB • ABC • /ABD • /ABE • /ABF • 
[Note: source data incorrect] 


Port 1 = ABO • /AB1 • /AB2 • AB3 • AB4 • 
AB5 • AB6 • /AB7 • AB8 • AB9 • ABA 
• ABB* ABC* /ABD* /ABE* 

/ABF* 

The above example shows address decoding 
for memory locations 1F78 h and 1F79 h- The 
equation terms could be changed to accom- 
modate any 16-bit address. 


Memory Mapped I/O Design Specification PAL16L2 


PAL 1 6L£ F hi.. DE * I '?r j ' PEC I F I C A T I CM 

F'RT 00 OP 

MEMORY MAPPED 1-0 

ME 0 RE 1 REP REP RE* RE 5 RE6 RE7 REP GMD REP RER REE RBC 
••■"PORT 1 .-"PORTO RED REE REF VCC 


PORT 0 = ■ R E 0 ♦ ••••' R E 1 ♦ •••- A B c‘ ♦ A B P ♦ A B * ♦ A E 5 ♦ A E 6 * - A B 7 ♦ A B P ♦ A B P ♦ A E A ♦ A B B ♦ A E C ♦ 

•••■' R E D ♦ ••••' R EE ♦ REF 

PORT 1 = ABO*-- -RBI "ABc , *AB3*AB**AB5*AB6*.-'AE7*ABP*ABP*ABA*ABB*ABC ♦ 

•RED* -REE*- REF 


DESCRIPTION: 

THE PAL DECODES THE SPECIFIED MEMORY ADDRESS WORD TO PRODUCE R PORT 
ENABLE FOP PORTO AND PDPT1 AS FOLLOWS: 


PAL16L2 Memory-mapped I/O Decoder Design Specification. 
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Memory Mapped I/O Logic Diagram PAL16L2 


0 12 1 4 5 17 a 11011 1211141$ 111710 11 2021 2223 2425 2127 212110 31 



PAL16L2 Memory-mapped I/O Decoder Logic Diagram. 
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CONTROL LOGIC FOR 8080 CPU 
BOARD 

The 8080 is one of the most widely-used of all 
current microprocessor designs. However, us- 
ing it in a system requires that you decode and 
supply a fairly complex set of control signals. 


With the rapid decline in 8080 prices, the logic 
required to perform this control decoding has 
become more expensive than the 8080 itself. 
This application note shows how a PAL can be 
used to eliminate much of this costly support 
logic on an 8080 CPU board. 




PAL16L8 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram. 


DESCRIPTION: 

PORT 1 OH OF LOGIC FROM SOSO CPU BOARD 


H'HLlbLS PAL DESIGN SPECIFICATION 

PAT 0 Ole' 

PORTION OF RANDOM CONTROL LOGIC FOR SOSO CPU BOARD 


PD 

EN ED 

EA - 

1 S 

A El DO DE GND SO NO C3 

IF < 


MW= 

SO* 

-PM + SO*-' DE 

I F 

/CO - 

LA= 

SR 

+ DO 

IF < 


•ss= 

.-"S 1 

+ -PD + SR 

IF < 

/CO 

HA = 

.-•si 

+.-PD + SA + -'EA * -• E 1 

I F < 

/CO 

cs= 

.-•PD 

+ EO + •EA 

IF < 

/CO 

NO = 

--PD 

+ EN 



PAL16L8 Control Logic for 8080 CPU Board, Design Specification. 
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Portion of Random Control Logic for 
8080 CPU Board 


Fuse Pattern PAL16L8 


-.□♦ Tie 




PAL16L8 Control Logic lor 8080 CPU Board, Fuse Pattern. 
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Portion of Random Control Logic for Design Specification PAL12H6 

8080 CPU Board (Improved Design) 


PALI SHE PAL. DESIGN SPECIFICATION 

F'RT 0013 

PORTION OF RRNDDM CONTROL LOGIC FOR SOSO CPU EORPD 

PD EM ED ER SI SR El DO DE GND SO NC3 NO C3 HR SS LR MW PW VCC 


MW 

= 

.-•SO + PW*DE 

LA 

= 

..-SR ♦.•"DO 

SS 

= 

SI ♦PD*.-- SR 

HR 

= 

S 1 ♦PD^ ""Sfl*EA^E 1 

C 3 

= 

PD^EO^ER 

NO 

= 

PD^-'EN 


DESCRIPTION: 

PORTION. OF LOGIC FROM SOSO CPU EORRD 

NOTE: THIS DESIGN IS IMPROVED OVER THE PREVIOUS EXAMPLE AS WE WERE 

ABLE TO IMPLEMENT THE SAME EQUATIONS IN A SMALLER PAL. THIS WAS 
ACCOMPLISHED BY INVERTING THE EQUATIONS? THUS? REDUCING THE NUMBER OF 
PRODUCTS PER OUTPUT TO A MAXIMUM OF TWO. 

PAL12H6 Control Logic for 8080 CPU Board, Design Specification. 



PAL12H6 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram. 
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Portion of Random Control Logic for 
8080 CPU Board (Improved Design) 


Fuse Pattern PAL12H6 




PAL12H6 Control Logic for 8080 CPU Board, Fuse Pattern, 
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HEXADECIMAL DECODER/LAMP 
DRIVER 

The increasing use of microcomputers has led 
to an increased need to display numbers in 
hexadecimal format (0-9, A-F). Standard drivers 
for this function are not available, so most ap- 
plications are forced to use several packages 
to decode each digit of the display. Since 6 to 
12 digits are often being displayed, this ap- 
proach can become very expensive. This exam- 
ple demonstrates how the hexadecimal display 
format can be both decoded and the LED in- 
dicators driven using a single PAL for each 
digit of the display. 

Functional Description 

A hex decoder/lamp driver accepts a four-bit 
hex digit, converts it to its corresponding 
seven-segment display code, and activates the 
appropriate segments on the display. These 
drivers can be used in both direct-drive and 
multiplexed display applications. A single PAL 
can provide both the basic decode/drive func- 
tions, and additional useful features as well. 

Circuit Description 

The figure shows three digits of a display 
system that uses three PALs to implement the 
complete decoding and display-driving func- 
tions. The inputs to each section are a hex 
code on pins D0-D3, a ripple blanking signal, an 
intensity control signal, and a lamp test signal. 

The hex codes are decoded to form the seven- 
segment patterns shown in the figure. The in- 
put codes, digit, represented, and segments 
driven are as follows: 


Ripple-blanking input RBI is used to suppress 
leading zeroes in the display. The signal is pro- 
pagated from the most significant digit to the 
least significant digit. If the digit input is zero 
and RBI is low (indicating that the previous 
digit is also zero), all segments are left blank 
and this digit position’s ripple-blanking output 
RBO is set low. 

Intensity control signal 1C controls the duty cy- 
cle of the display driver. When 1C is high, all 
segment drivers are turned off. Pulsing this pin 
with a duty-cycled signal allows the adjust- 
ment of the display’s apparent brightness. 

Lamp test signal LT lets you check to see if all 
LED segments are energized. 

PAL Implementation 

The PAL16L8 has both the required I/O pins 
and the drive current capability to perform as 
the complete display decoder-driver circuit 
with seven inputs and eight outputs. The logic 
equations for this circuits are shown in the 
listing. One PAL drives each digit; they may be 
cascaded without limit. With minor changes, 
the same logical structure could be used with 
multiplexer logic to allow a single PAL to 
decode and drive multiple digits. 


°3 

D2 

Dl 

D 0 

Digit 

Segments 

0 

0 

0 

0 

0 

ABCDEF 

0 

0 

0 

1 

1 

BC 

0 

0 

1 

0 

2 

ABDEG 

0 

0 

1 

1 

3 

ABCDG 

0 

1 

0 

0 

4 

BCFG 

0 

1 

0 

1 

5 

ACDF 

0 

1 

1 

0 

6 

ACDEF 

0 

1 

1 

1 

7 

ABC 

1 

0 

0 

0 

8 

ABCDEFG 

1 

0 

0 

1 

9 

ABCFG 

1 

0 

1 

0 

A 

ABCEFG 

1 

0 

1 

1 

B 

CDEFG 

1 

1 

0 

0 

C 

ADEF 

1 

1 

0 

1 

D 

BCDEG 

1 

1 

1 

0 

E 

ADEFG 

1 

1 

1 

1 

F 

AEFG 
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Hex Decoder/7 Seg. Driver w/Ripple Blanking, 
Intensity Con., & Lamp Test 


Logic Schematic 


THREE STAGE HEXADECIMAL DECODER /DRIVER 


PAL16L8 

BCD TO HEXADECIMAL 

DECODER/7SEGMENT 

DRIVER WITH RIPPLE BLANKING 


1 ill 1 i_l|l 

it ' i i III 


DISPLAY i 
LEADING^' 
ZEROS 

BLANK J_ 
LEADING — 
ZEROS 


HEXADECIMAL 

INPUTS 



LED/LAMP 
* DRIVER OUTPUTS 


TO NEXT STAGE 


Hex Display Decoder-Driver, Combinatorial Logic Diagram. 
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Hex Decoder/7 Seg. Drive w/Ripple Design Specification PAL16L8 

Blanking, Intensity 
Con., & Lamp Test 

PALI CL 8 pal design specification 

PAT 0 007 

HEX DECODER.' 7SEG. DRIVER M RIPPLE BLANK I NG • INTENSITY CON.. S, LAMP TEST 
RBI DO D1 D£ D3 IC LT NC NC GND NC G RED FED C B A VCC 


IF > - I C > .- A = - PPO* H Ci ♦ • DP + .'REO*." D 0*D3 + -- PEO*D 1 ♦ D£ + 

RBO*Iil»'"D£» D3 + R E: 0 ♦ D 0 ♦ D £ ♦ D 3 + P E 0 ♦ - D 1 ♦ D £ ♦ D 3 + LT 

IF (..' IC .■••£! = 'RBD^.' D£^' D3 + .'RED*- D0».- D£ + R B 0 ♦ ■■■" D 0 ♦ D 1 ♦ Ii 3 + 

• ’ P E: 0 ♦ D 0 ♦ D 1 ♦ • D 3 + ■ REO^DO^ • D 1 ♦D3 + LT 

IF C-IC -"C = PBO^DO* D1 + 'REO*DO* 'D£ + .-"PEO* ■" D 1 * D£ + 

.'REO*D£»- D3 + .•■RB0»..'D£»D3 + LT 

IF ('-■" IC) .- D = RBD^ D1 ♦DS + ' P B 0 ♦ - D 0 ♦ D £ ♦ D 3 + 

" R B 0 ♦ D 0 ♦ D 1 ♦ ■■ D £ + RED* B0*D1^D£ + ' RBO^DO^-'Dl ♦D£ + LT 

IF (/IC) -E = TiO*..-'D£ + /REO*Ii£^D3 + -R BO^'Ii i>Dl + 

■REO*D 1 ♦ D £: + LT 

IF (/IC) ,-"F = - RED*- DO* III + .•• RB0^.'-D£4D3 + - RED*D 1 ♦ 03 + 

RED ♦•■DOBBS' + RED* D 1 ♦ D £ ♦ • D 3 + LT 

IF CVCC REO = D 0 ♦ D 1 ♦ D ? ♦ D 3 ♦ / R E I 

IF <> IC> -G = .' RBO*D 1 ♦ D£ + RBO» BONDS' + • RED*- D£^D3 + 

RBO^ IiO^Dl + •" R B 0 ♦!' 1 ♦ D £ ♦ ■ D 3 + LT 


DESCRIPTION: 

THE HEXADECIMAL DECODER 7 - S E G M E N T DRIVER FEATURES ACTIVE LOW OUTPUTS 
FOR DRIVING DISPLAY DIRECTLY. 

IF DATA INPUT IS ZERO AND RIPPLE BLANKING INPUT (.'RED IS LOW THAT 
DIGIT WILL BE BLANKED AND RIPPLE BLANKING OUTPUT WILL BE LOW. 

THE RIPPLE BLANKING OUTPUT (.••■RBO> PROVIDES BLANKING INFORMATION 
FOR THE NEXT LEAST SIGNIFICANT STAGE. IT PROVIDES A LOW IF .-'RBI IS 
LOW AND THE DATA IN IS ZERO. 

WHEN HIGH THE INTENSITY CONTROL (IC) WILL TURN OFF THE ENTIRE DISPLAY. 
IC MAY BE PULSED TO VARY THE INTENSITY OF THE DISPLAY. 

WHEN HIGH THE LAMP TEST INPUT <LT> WILL TURN ON THE DISPLAY. 





INPUT 

v 





OUTPUTS 


LT 

IC 

•RBI 

DO III 

D£ 

Ii 3 

A 

B 

c 

D E F G 

.'RED 

L 

L 

H 

L 

H 

L L 

L 

L 

L 

L 

L 

L L L H 

L 

L 

L 

L 

L L 

L 

L 

H 

H 

H 

H H H H 

L 

H 

L 





L 

L 

L 

L L L L 
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Hex Decoder/7 Seg. Driver 
w/Ripple Blanking, Intensity 
Con., & Lamp Test 


Fuse Pattern PAL16L8 


i c 

p r"> p£ 

- p&o# 

■RFO* B 1 ♦Tic 
^PBQ^Dl D-! 

■■■ PEG* DO ♦ P.r: D? 

-• f o ♦ ri 1 ♦ - f i ♦ r* ; 

LT 


-"RBD* y DO* ■- Pc 
- P BO ♦ p i i ♦ B t ♦ ••• D 

■■ppg»bo*pi ♦ ••• d 

PBu*f'0*'Dl ♦ D 
LT 


■ I C 

• PEG* D PI 
■'•PBD*r'0* ' B£ 
PPO*' 0 1 ♦ • B£ 
.■■■RBOriiE> - B?. 

R F' Q ♦ ■ He:* P 3 
LT 


-1C 

.••'PBG*."'Bl*D;: 
•rbd»-'Iio*-Dc 4-'D: 
/■•PBCKBOnil ♦•'!■£ 

••• P £: 0 ♦ D i'i * B 1 ♦ D i: 
PEO»r»04.-Di*rc' 
LT 


I C 

■■• PBO*--'BU*- Pc' 
• PBO^Pc^PF 
PEG*- BO* PI 
• PEG* PI *D'i 
LT 


.-PED^.-PO^Pl 
.'•'PED>.--P£'*P:? 
-PEOPl ♦ PE 
■•'PEO*-PO*Dc' 

-■ P E G ♦ B 1 ♦ D £ ♦ P ? 
LT 


D 0 * • P 1 ♦ P £ ♦ P :• ♦ p E I 


1 C 

PEG*P1 Pc 
"PEQ*Dri*P l 

• PEG* • Pc: ♦BE 

• PEO» ■' P ii * PI 

• PEG* •’ P 1 ♦P£» P : 
LT 


Hex Display Decoder-Driver, Fuse Return 
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Hex Decoder/7 Seg. Driver 
w/Rippie Blanking, Intensity 
Con., & Lamp Test 


Logic Diagram PAL16L8 


iKiHMirimriianmiiimMHi 

■iim/iawtiiiHiiiMmaiiHa 


Bmm 
MB! 

■iBI 

nmui 


■MMIIIII 
■itiaiiii 

■»>inaii 
■■n ww« 

■uaiin 


iifllfliiiiiiiiiiiiiimiiiiiiiiiii 

BaaaMaaaaHriaMr-iBMaaaMaaaaBariMaaai 

■nmmHMUMIIHillHilMHIUI 

iiiiaiimumnMiimmBiiiBiaa 

liiiSMiSinSaiiHiiiBiiHiiiiiaiiaii 
■HMaaiiiaiamaiaaMiBiiiaaaii 

■■flBIIIBIIIBIIIBIIIBIIIBIIII 

iiiiiiliaiiiiiiiBmBiiiiiiiiini 

nimriiHiiiaiiiaitfiaiiiainaiiii 

MaaBkMBnMnaBiaaaaaiBiiiBaaai 

MiiariiMHiBiaiBiaaBaiiBiMBiiai 

■■Ba 55 a 55 k 25 E 2 aa 5 aaa 5 r^aa 5 aaaaaaaaa 




■■■■■niBBB 

■niBunnii 

riaiK«MHii 

si 

rwiamaaMMi 


■Maria 
■maia 
aaiaaia 

BBBBB-BB 

bbbbb-bb 


BBBBaBBBBJBBaiBBBBBriBBBBBa 
BviaaBiaaaaaaaiaBiriBiaaM 
BBBMBBBBBaBBBaaBBBHaar’aBBflBBI 
aaja»iaBBBaaaariaaaaBBaHaaaBBaiaaaaaa 
aaaaBiiBBaaBBaBaBaaaBBBaBBaaBataaaaaaa 
BaBaBBaBBBBaBBaBBaaaaBBiaaaaaaaaBBBai 
BBBBBIBBBiBBBBBBBaBBaBBiaBBBBBaiaBBB 

■■■■■■mbiiiiiiiiiiiiii 

|BIIBMIBMIBBBfllBBB«|faHIIMIIBBIIII 

BriBBriBaBBBaaaaaBMflmBaaaariaaaaa 
a "'iRMB BBBBB! IBB 

paBwiBaaaaKa»>BBBaaaaBaaaaaMBriaBBBaBl 
iMaBaaaBBBsaaBiBMaaaaR’ 
ikBBBriaariBBariBaiBBBBBBBiaaaMaBBaB 
BaBBBBBBaBBaaBkBBBBBBBB'IBaaBBkBaiBaa 
■■BaaBBBBBBaaaaaBBBBaiBBaaaaBaBBBBB 

IIIIBIIIBIIIBIIIBIIIBIIIBIIIBIII 

»TiBnaBBriBBriBBBBiBHBBBHBBaaaaail 

BaBBBBaaaiaBaBBaaaBaBiaiBaBBaaaaBBaaB 
BBBaaBBBBBBaBaaaBBBaBBaaaaaaaaBaBBB 
BBBBBBBBBBBBB BBBBBBBBBBBBaBBaaBBBBB 
■■■■■■■■BBBflBBBBaBBBBBBBaBBaBaB 

iaBBBBaaaaMMMIflMB 


IIIIBIIIBIIIBIIIBIIIBIIIBIIIBIIII 

IBIlBIIIHIIIIHBIIflillWIHailfBillll 

llllflllMMBIlIBHiaillBlllMIII 


^MiBaaarBBBaaaaakBai 
rillBIllHMBVlfllBHiai 
mBBMBBB flBBBIBaaBBBI 
BHMBMaBaiiBBiaaaBBBBfl 
BHBB fiaariBBTIBBBBBBB 
■MUIBUIIBinflBllli 
■■■■aaa»a»BaM»aaiaaai 


lauMan^M 
IBBBairiBBIBB 
BaaaaBaB-iBaaaaa 
iaaaBBBt"BaaBaaa 
BaaBBBariBBBBBa 
riBBUkiaBBIB 
kamaimBBi; 


IBBiBiKBKSBiliBKiBKiBSKBiaCl 


2 3 4 5 5 / 8 3 10 1 1 1 2 13 14 15 16 1 7 18 18 20 21 22 23 24 25 26 27 28 293031 


Hex Display Decoder-Driver, Coded PAL Logic Diagram. 
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Application Suggestions 


HEXADECIMAL KEYBOARD 
SCANNER 

The popularity of pocket calculators and home 
computers has created a large market for low- 
cost keyboards. The logic required to scan 
small keyboards is typically implemented 
either in SSI/MSI logic or in a computer- 
generated software scan. In the first case, the 


Hex Keyboard Scanner 


logic may be rather expensive; in the second 
case, if the microcomputer system is a busy 
one, the software scan may be unacceptably 
slow. A single PAL and just a few inexpensive 
parts can do. the task. 


Logic Diagram PAL16L8 


EXT CLOCK 
(Approx. lOKHz) 



Hex Keyboard Scanner, Combinatorial Logic Diagram. 
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Hex Keyboard Scanner 


Design Specification PAL16R4 


PAL 1 GF'4 pH L D E S 1 b M L F E L I F I L H T I □ N 

PAT 0017 

HEX KEYBOARD SCANNER 


CLK 

AO A 1 A 

8 A 

A4 

AC 

16 A7 

GND 

■EN 

R 

SB 03 

08 0 

ili n 

IF 

VCC 

-'SA 

= ••■■■ 

33 








IF 

vrc 

- NC 


A o ♦ 

0 0 ♦ ■■ 

0 1 ♦ ' 0 

£ + 


A 1 ♦ 0 0 ♦ 

0 1 ♦ ' 

"i£ + 





A8^ 

■oo^o 

1 ♦ /Q£ 

+ 

A 

3 ♦ 1 j h ♦ 0 

1 ♦08 

+ 





A4» 

o 0 ♦ 

Q l ♦OS 

+ 

■•‘A 

n ♦ •• 

31 ♦08 

+ 





A6* 

1 j M ♦ Q 

1 ♦08 






ij f 1 

: = i'i 0 ♦ R' 

+ 

-•••Qlj* 

•- R 








,■ Q 1 

: = Q ri ♦ fj 

1*R 

+ 

“'! 0 ♦ 1 

> 1 ♦ R 

+ /Q 1 

♦/R 





,• fl£ 

: = Q ij ♦ i j 

i 

c! ♦ R + 

•-Q . 

08*R 

♦ 0 

1^. 

Qc. 

♦R + 

■'£♦ R 


,Q3 

: = 

1 ♦ O 

£*♦03 

♦ R + 

Q !*!♦ 

,‘03#P 

+ 

0 

1 ♦ r> ♦ F' + /i 

! £ 


IF < VCC > /SB = 133 

IF < VCC > /P = ,'NC + A7^Q0*Q1 ♦ 08 


DESCR I P T I DM : 

THE KEYBOARD SCANNER MILL SCAN A 16 KEY KEYBOARD ARRANGED IN A 
2X8 MATRIX. THE SCANNER WORKS BY SELECTING ONE ROW OF 8 SWITCHES 
AND THEN SCANNING THE 8 INPUTS. A LOW ON ANY INPUT WILL DISABLE THE CLOCK 
GOING INTO THE ONE-SHOT. THE ONE-SHOT IS USED AS A DELAY TD ALLDW THE 
SWITCH BOUNCE TO SETTLE OUT. AT THE END DF THE TINE DELAY Cl 0MS> - KEYPRESSED 
WILL GO LOW. THE OUTPUTS WILL THEN GIVE THE BINARY CODE FOR THE SWITCH 
SELECTED. WHEN THE SWITCH IS RELEASED- KEYPRESSED WILL GD HIGH- AND 
SCANNING WILL CONTINUE. WHEN THE END OF THE ROW IS REACHED- THE 
SCANNER SWITCHES TO THE OTHER ROW AND CONTINUES SCANNING. 

THE EXTERNAL CLOCK SHOULD RUN IN THE RANGE DF 10 KHZ. 

IF ASCII OR OTHER CODED CHARACTERS ARE DESIRED- THE BINARY CAN BE 
CONVERTED USING A PROM. 


PAL16R4 



Logic Symbol 


Hex Keyboard Scanner, Design Specification. 


> 

-o 

-O 

o 

*-•* 

o 

3 

c/> 

c 

CD 

(Q 

® 

0) 

5 

3 

m 
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Application Suggestions 


Hex Keyboard Scanner 


Fuse Pattern PAL16R4 


.••Ijl 1 ♦. Ij 
•• R 1 ♦ Qlj * .-0 1 ♦ . 
ft £ ♦ •••' 0 0 ♦ 0 1 ♦ 0 £ 
•■■■0 c .' 

R 4 ♦ 0 0 ♦■•••' 0 1 ♦ 0 £ 
0 1 ♦ 0 c ' 

R 6 * ■■■" 0 0 ♦ 0 1 ♦ 0 £ 

0 1*1 ♦ p 
..-00 ♦,-(;: 


-v- — X- 00*0 

--X . — X- 0 i'i ♦ ■■ P 1 ♦ R 

— V X .-'01 ♦•P 


0 0 ♦ 0 1 ♦ 0 c ‘ ♦ R 
0 0 ♦ ■■■' 0 C ♦ P 
/01*/Q£«R 
■■••'0 c ' ♦•••' R 


0 0 ♦ 0 1 ♦ 0 £ ♦ 0 3 ♦ R 

,-QlW03*R 

••'0 1 ♦-■''03*R 
s.QZ+sQS+P. 
/Q 3 +/P. 




<;XXX XX XX XXXX XXXX XXXX XXXX XXXX 


— -Xt — X- — X- — - -X- — -R 7 ♦ 0 0 ♦ 0 1 ♦ 0 2 

XXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXX XXXX XXXX XXXX XXXX XXXX XXXX 


Hex Keyboard Scanner, Fuse Return 
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Application Suggestions 






Application Suggestions 


MINIDISKETTE CONTROL LOGIC 

The flexible diskette (floppy), and its smaller 
brother, the minidiskette, are very popular as 
mass storage on small systems. Most of these 
small systems are destined for high-volume ap- 
plications, so all possible production 


economies should be explored. The disk con- 
troller is the most complicated (and expensive) 
part of the disk subsystem; this example 
shows how a PAL can reduce the size and cost 
of the controller for a minidiskette-drive con- 
troller. 



SHIFT 

DATA 

REG 


SHIFT 

CLOCK 

REG 


DATA BIT 


CLOCK BIT 


Minidiskette Control Logic Diagram. 
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Portion of Micro Floppy Control Logic 


Design Specification PAL14H4 


PAL14H4 PhL PET I GN ; PEC IF 1 C hT I DM 

PAT 00 £4 

PORT I DM OF MICRO FLOPPY CONTROL LOGIC 


: CK T 01 I.ICK Q£ .-'LIE Cl 

RE Lie Pi 

D ••'O'? GND 04 CO DO CK 6 PR TAFT iC 

REG TI'REG rc- nl 

DPEG= T ♦Cl ♦■-'LIE + SCK< 

► ■-LIE + 

lie ♦LICK 


CREG= Oc>C' 1 ♦!.!£ + SCK< 

► -LIE +■ 

LIE ♦Lie. L 



DRThET= CRE^I.'lE^Mt RC + i. 1 c + T ♦ -^ LI E ♦ • i. *■■ + till Rp#ii.iE^T.iQ 
CKB= Q£»Q4 + T ♦ I.. I E + LIE ♦CD 

DESCRIPTION: 

PORTION OF FLOPPY DISC CONTROL LOGIC 

Minidiskette Control Logic Design Specification. 
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Application Suggestions 


Portion of Micro Floppy Control Logic 


Fuse Pattern PAL14H4 


T ♦Q l ♦ -ME 
SC* ♦ ■■■ WE 


nz+o 1 ♦ME 
SCE.> ■••'WE 
WE^WCK 


i_: fr’ £; ♦ i>iE F’i. 

OS: 

WC E C^WE^DD 


Mi- ♦04 
T ♦ ■ME 
1 - 1 E ♦ C □ 


Minidiskette Control Logic, 14H4 Fuse Pattern. 
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Application Suggestions 


BETWEEN LIMITS COMPARATOR/ 
REGISTER 

It is often needed to keep data between limits 
as it is processed, or to halt a process when 
limits are reached. This may be done for 
system security, or as a means of self- 
checking. The checker described here might 


search for a specific value, search for missing 
values: values either in or out of a certain 
range. The sample circuit shown monitors a 
16-bit bus, using two PAL types, and latches a 
complementary pair of BTWL status signals in- 
to its output registers. 
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Application Suggestions 


Between Limits Comparator/Register 


Fuse Pattern PALI 6X4 


xxx- /R3»B3 

— XXX- X — X xfl£*B2»A3.EQ.B3 

XXX- X — X X — X xfi 1 ♦B 1 ♦AS. EQ. B3*A2. EQ. B2 

— XXX- X — X X — X X — X — — xRi>B0^R3.EQ.B3^R2.EG.B2^A1.EQ. 

<X XXXX XXXX XXXX XXXX XXXX xxxx xxxx 

<y. xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

<x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 


xxxx xxxx xxxx xxx> 

XXXX XXXX XXXX XXXS" 

xxxx xxxx xxxx xxx:> 


R3»XB3 

A2^xB2>R3.EG. B3 
R 1 B 1 ♦RS. EO. B3*R2. EG!. B2 
R0»xB0*fl3. EQ. B3*R2. EG. B2*R1 . EQ. 


.'Ri>.'LORIi*xCLERR 

- — xBO^LORIi^CLERR 


R 1 LDRD^xCLERR 
"B 1 ♦LORD*- CLERR 


..••• A £ ♦ . ••' L 0 R D ♦ •••" C L E R R 

B £ ♦ L □ R D ♦•••' C L E R R 


XX — x R 3 ♦ L □ R D ♦ C LEAP 

-X-X B 3 ♦ L □ A D ♦ C L E R R 


X — X X — X X — X X — X A3.EQ.B3»A2.EQ. E2*A1 . EQ.B1+AQ. E 


PALI 6X4 Limit Checker Fuse Pattern. 
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Application Suggestions 





Application Suggestions 


Between Limits Comparator/Logic 


Design Specification PAL16C1 


PAL16C1 

PflTOOei 

BETWEEN LIMITS COMPARATOR ✓ LOGIC 


PRL DESIGN SPEC I F I CRT I DN 


EQ1U -LT1 .'EQ1L -GTE ,'EQ£U LTE -EQEL ,-'6T3 -EG3U GND 
LT3 "EQ3L NC NC HC -BTWL .-GT 0 -'LTD -GT 1 VCC 


"BTWL = GT3 + GT2»EQ3U + GT 1 ♦E03U*EG>£U + GT0*EQ3U^EQ2U#EQ1U + 
LT3 + LT2+EQ3L + LT 1 ♦EG3L+EQEL + LT0^EQ3L*EG2L«>EGl'L 


DESCRIPTION: 

THE BETWEEN LIMITS LOGIC DETERMINES THE BTWL STATUS AS 
R FUNCTION OF THE GT * LT AND EQ STATUS FROM THE COMPARATOR 
REGISTERS. 


PAL16C1 


eq2u rr - and 
_ ZZ GATE : 
LT 2 [T - ARRAY j 


Logic Symbol 


PAL16C1 Limit Checker Design Specification. 
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Between Limits/Comparator/Logic 


Fuse Pattern PAL16C1 


— X — - 

x-x 





v 

il 

|| || || 



— — — — 

XXXX XXXX 

XXXX XXXX XX! .XX 

V !xj V V 


XXXX 

rlrlrlil 




xxxx 

XXXX xxxx 

XXXX! xxxx xxxx 

XX XX 

xxxx 

xxxx 

KKKX XXXX 

X X X X X X X X X X X X 

xxxx 

XXXX 

xxxx 

XXXX xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

XXXX xxxx 

X X X X X X X X X X X X 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

XXXX 

xxxx 

xxxx 

XXXX XX XX 

X X X X X X X X X X X X 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 


X X X X X X X X X X X X 

X <*. X 

xxxx 

xxxx 


xxxx xxxx xxxx 

. x ,, x .. x .X 

xxxx 

xxxx 


xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

X X X X X X X X X X X X 

xxxx 

xxxx 

xxxx 


XXXX XXXX XXXX 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

rt.*.XX 

xxxx 

xxxx 

XXXX XXXX 

xxxx xxxx xxxx 

. :: .. x .XX 

xxxx 

xxxx 


wvv wvv wvv 

xxxx 

VV V V 

xxxx 

XXXX xxxx 

xxxx xxxx xxxx 


xxxx 

xxxx 

xxxx xxxx 


xxxx 

xxxx 

xxxx 

X X X X X X X X 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 


wvv wvv wvv 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

X t : . X 


xxxx 

xxxx 

xxxx 

wvv wvv 


xxxx 

xxxx 


xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 

xxxx xxxx 

xxxx xxxx xxxx 

xxxx 

xxxx 

xxxx 


6T3 

GT£»EQ3U 

GT 1 ♦EQ3U*EQ£U 

CT 0 ♦ E Q 3 U ♦ E Q £ U ♦ E Q 1 U 

LT3 

LT£*EQ3L 

LT 1 +EQ3L+EQSL 

L T O' ♦ E Q 3 L ♦ E C! £ L ♦ E 0 1 L 


PAL16C1 Limit Checker Fuse Pattern. 


24 


24-213 


Application Suggestions 




Application Suggestions 
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8-BIT I/O PRIORITY INTERRUPT Design Specification PAL16R4 

ENCODER WITH REGISTERS 


PPL16R4 FPL DESIGN SPECIFIC HT ION 

PPT0005 

S BIT I/O PRIORI TV INTERRUPT ENCODER WITH REGISTERS 

CK II I£ 13 14 15 16 I? 18 GND -E NC NC 04 03 08 01 NC NC VCC 


01 : 


■••'08 * 


•••'04 : 


DESCRIPTION: 

THE I/O PRIORITY INTERRUPT ENCODER PRIORITIZES 8 I - Cl LINES 
<11 THRU I 8) OUTPUT I NG 111 <03»Q8»&01 RESPECTIVELY) FOR THE HIGHEST 
PRIORITY 1-0 DEVICE <I1) PND 000 FOR HN INTERRUPT FROM THE LOWEST 
PRIORITY I/O DEVICE <I3> . OUTPUT 04 SERVES PS THE INTERRUPT FLPG 
PND GOES LOW WHEN PNY OF THE 8 10 INPUTS GO HIGH. THE PRIORITY 
INTERRUPT ENCODER REGISTERS PRE UPDPTED ON THE RISING EDGE OR THE 
CLOCK INPUT <CK> . THE 3-STPTE OUTPUTS PRE HIGH-Z WHEN THE ENPFLE 
LINE E) IS HIGH PND ENPBLED WHEN THE ENPPLED LINE • •••£:• IS LOW. 


= ."• 1 1 ♦ 1 8 + -•' 1 1 ♦ 1 8 ♦ •"" I 3 ♦ 1 4 + ••' 1 1 I £ ♦ 1 3 ♦ ✓ 1 4 ♦ - 15*1 6 + 

/ 1 1 ♦ ••■• I £ ♦ ■•• 13 ♦ 1 4 ♦ •'- 1 5 ♦ ••' 1 6 ♦ - I ?♦ IS 

= • 1 1 ♦•• I £♦ 1 3 + "1 1 ♦ •- 1 8 ♦ 1 3 ♦14 + ••••■ 1 1 ♦ / 1 8 ♦ ■■■ 1 3 ♦ ■••• 14* ■■•• 15* •••' 1 6 ♦ 1 7 + 

/ 1 1 ♦ •••■• I £♦/ 1 3 */ 1 4 ♦ 1 5 ♦••"' 1 6 */ 1 ?♦ 1 8 

= 1 1 1 8 ♦•■"' 1 3 ♦•■•- 14*15 + "'ll ♦••••' I £♦•'•■ 1 :3 ♦•••" 14 */ 15*16 * 

•■" 1 1 */ 1 £ ♦ / 1 3 */ 14 */ 1 5* ••" 16*17 + 1 1 */ 1 £♦•••• 1 3* ■•" 1 4*/ 1 5* I £■*/ 17*1 8 

= 1 1 + 1 8 + 1 3 + 1 4 + 1 5 + 1 6 + 1 7+ 1 8 


TRUTH TPPLE 


•• I I I I I I I I 0 0 0 0 

E 8 7 6 5 4 3 8 1 4 3 8 1 



L X X X X X X X H L H H H 

L X X X X X X H L. L. H H L 

!. ,X X X X X H L. L L H L H 

L X X X X H L L L L H L L 

L X X X H L L L L L L H H 

L X X HLLLL. L L L H L 

LXHLLLLLL L L L H 

L HLLLL L. LL LLLL 

LLLLLLLLL HHHP 


Eight-Bit Priority Interrupt Encoder with Registers, Designs Specification. 
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Application Suggestions 


8 Bit I/O Priority interrupt 
Encoder with Registers 


Design Specification PAL16R4 



0 1 2 3 4 5 1 7 B 9 10 11 12 13 14 15 111 


PAL16R4 Eight-Bit Priority Interrupt Encoder with Registers, Coded Logic Diagram. 
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QUADRUPLE 3-LINE/1-LINE 
DATA SELECTOR MULTIPLEXER 


Design Specification PAL14H4 


PAL14H4 PAL DESIGN SPEC I F I CRT I DM 

PAT 00 1 6 

QUADRUPLE 3-L INE-TO- 1 -L I HE DATA SELECTOR MULTIPLEXER 

1A £A 3A 4 A IB SB 3B 4B 1C GND SC 3C 4C 4V 3Y SY IV SI SO VCC 


1 A SO SI 

+ 

1 B*S 0 *-"S 1 

+ 

lC^SO^Sl 

S A ♦•-"SO ♦••••■ SI 

+ 

c'B^SO* -"S 1 

-f 

2C»-'S0^S1 

3A4.-"S0^.-"S1 

4 

3B^S0*-"S1 

4- 

3C*.-"S0*S1 

4 A ♦-•"SO ♦•••■' SI 

+ 

4B^S0^-"S 1 

4- 

4C^-S0^S1 


DESCRIPTION: 

A 4-BIT WORD IS SELECTED FROM ONE OF THREE SOURCES AND IS ROUTED 
TO THE FOUR OUTPUTS. TRUE DATA IS PRESENTED AT THE OUTPUTS. IF 
INVERTED DATA IS DESIRED- USE THE SAME EQUATIONS WITH THE PAL14L4. 


! S 0 

! SI 

OUTPUTS ! 

1A 

1 

4* 

4- 

20 

VC 

! L 

! L 

A DATA ! 

£ A 

£ 

+ 

+ 

19 

s 0 

■ H 

L 

E DATA ! 



a 

l 



! L 

H 

C DATA ! 

3 A 

3 

+ 

4- 

18 

SI 

• H 

H 

LOW ! 



i 

1 



— 



4A 

4 

4* 

+ 

1 

17 

IV 




IB 

CJ 

4- 

4- 

16 

£Y 




c'B 

r. 

4- 

4- 

15 

3 Y 




3B 

7 

4“ 

4- 

14 

4Y 




4B 

8 

4- 

' 4* 

13 

4C 




1 C 

9 

4- 

4- 

12 

3C 




GND 

10 

4* 

4- 

1 1 

2C 


PINOUT 

Quad 3-to-1 Data Selector-Multiplexer, Design Specification. 



24-217 


Application Suggestions 




Application Suggestions 


Quadruple 3-Line/I -Line Logic Diagram PAL14H4 

Data Selector Multiplexer 
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4-BIT COUNTER WITH 2 Design Specification PAL16R4 

INPUT MUX 


PRL16R4 PPL DESIGN SPECIFICATION 

PA TO 034 

4-BIT COUNTER WITH £ INPUT MUX 

CLOCK ft 0 ftl fi£ ft 3 BO B1 B£ E3 GND ■■ E COUT II 03 0.2 01 00 10 CIN VCC 


Q i j : = 1 1 ♦ / 1 o ♦ q n + ✓ 1 1 ♦ I 0 ♦ ftO + II* I 0 ♦ •-" BO + 11*1 0 ♦ C I N ♦ 0 0 + 
11*1 0*CIN*00 


• 01 : = 1 1 ♦ 1 0 ♦ 0 1 + 1 1 ♦ I 0 ♦ -■" R 1 + II* 1 0 ♦ B 1 + 11*1 0 * - CIN* - 0 1 + 
11*1 0*C I N*0 1*00 + 11*1 0* - 0 1 ♦ 0 0 


,•'02 : = 1 1 I 0*-"02 + -•" 11*1 0*-"A2 + 1 1 ♦-■" I 0* ••"E2 + 11*1 0*-'C I N* -"02 + 

1 1 ♦ I 0 ♦ C I N ♦ 0 £ * 01 * 0 0 + 11 * 10 * 0 2 ♦ ' 01 + 11 * 10* 0 2 ♦ / 0 0 


■■"03 := 1 1*/I 0*,"Q3 + .""1 1*1 0*,-ft3 + 1 1 I 0*.,'B3 + 1 1*1 O* - CIN* - 03 + 

11*1 0*C I N*Q3*02*0 1*0 0 + 11*1 0* ••'03* -'02 + 11*1 0*,'Q3*,"0 1 + 11*1 0*/' 03* 0 0 


IF <VCC> .-"COUT = ✓CIN + -'03 + ■••"02 + 0 1 + -"00 


DESCRIPTION: 

THE 4-BIT COUNTER LORDS R OP E FROM THE MUX • OR COUNTS UP. 
THE THREE STATE OUTPUTS RRE ACTIVE WHEN --E IS LOU. 


"E ! 

11 

10 ! 

CIN ! 

! CLOCK 

1 

OUTPUT 0 

! OPERATION ! 

L ! 

L 

It ! 


! L-H 

1 

0 

NOP 

L ! 

L 

H ! 

V l 

! L-H 

a 

R 

LORD R 

L ! 

H 

L ! 

y i 

L-H 

a 

B 

LORD B 

L ! 

H 

H ■ 

L ! 

L-H 

a 

Q 

NOP 

L ! 

H 

H ! 

H ! 

L-H 

a 

0 PLUS 1 

INCREMENT 


INPUT A INPUT B 



OUTPUTS 


Four-Bit Counter with Two-Input Multiplex, Design Specification. 
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4-BIT UP/DOWN COUNTER WITH 
SHIFT AND THREE-STATE 
OUTPUTS 


Design Specification PAL16X4 


PAL 16X4 PAL DESIGN SPECIFICATION 

PAT 0026 

4 BIT UP •■•"DOWN COUNTER WITH SHIFT AND THREE-STATE OUTPUTS 

CLOCK 10 II BO El Be' B3 I£ CLEAR 6NB - E .'"LID NC AS fl£ A1 AO NC •■"RIO VCC • 


IF':: I £♦ 1 1 I 0 :> RIO = CAO) 


"AO := </'A0) ♦•■■" I 1 1 ♦/ I 0 + C E 0 > ♦ I £ ♦ 1 1 ♦ I 0 + < A 1 ) ♦ I £ ♦ I 1 ♦ • I 0 + </R0) ♦ I £♦ I 1 

/'R I D^ I £♦•'" 1 1 ♦/' I 0 + 

F' 1 0 ♦ I £♦ I 1 ♦ ' I 0 + 

RIO» !£♦!!♦ 10 + CLEAR 


"Hi := < / A 1 > ♦ ■ " I £ ♦ / II* . I 0 + C-"B 1 > ♦/ 1 £♦•'■ 1 1 ♦ I 0 + (/A£) I £♦ I 1 ♦■■■" I 0 + < "A 1 ) ♦ I £♦ 1 1 
: + : < A 0 ) ♦ I £ ♦ - 1 1 ♦ I 0 + 

C AO) ♦R ID* I £♦ I 1 I 0 + 

C/'A 0> ♦RIO* !£♦!!♦ 10 + CLEAR 


■■"A£ := A £> I £♦.••" 1 1 I 0 + </B£) I £♦■•" 11*10 + O' AS) ♦■-•"I £♦ I 1 ♦/ 1 0 + OA£)M£»Il 

:+: C"A 1 ) ♦ I £♦.'" 1 1 ♦/" I 0 + 

< A 1 ) ♦ ( A 0) ♦R I I £♦ 1 1 1 0 + 

O' A 1 :> ♦ OA 0) ♦R 1 0^ I £♦ 1 1 ♦ 10 + CLEAR 


"AS := O’ AS) ♦•••" I £♦/ 1 1 ♦/ I 0 + O'BS) ♦ •••" I £♦•••" 11*10 + - L I D^ - I £♦ I 1 I 0 + OA3) ♦ I £ ♦ 1 1 
OA£> ♦ I £♦-•" 1 1 I 0 + 

< A£) ♦ <: Al> ♦ < A 0) ♦R 1 0» I £♦ 1 1 I 0 + 

C- A£) ♦ </A 1 ) ♦ O' A 0) ♦R I £♦ 1 1 ♦ 10 + CLEAR 


IF < I£ ) L 1 0 = CAS) ♦ I £♦•••" 1 1 ♦ I £ + < A3) ♦ C Ac') ♦ C A 1 ) ♦ C A 0) ♦R 1 0^ I £♦ 1 1 */ 1 0 * 

C •• A3) ♦ </A£) ♦ <•'" A1 ) ♦ OAO) ♦R 1 0* I £♦ 1 1 ♦ 10 


DESCRIPTION: 

THE UP/ DOWN COUNTER WITH SHIFT WILL LOAD? SHIFT > COUNT UP* COUNT DOWN* 
CLEAR OR HOP ON THE RISING EDGE OF THE CLOCK AS SPECIFIED BY THE 
INSTRUCTION* I. SHIFT I/O, CARRY AND BORROW SHARE THE SAME I-"D LINES 
CLIO AND RIO). ACTIVE HIGH OUTPUTS* A* ARE ENABLED WHEN ,"E IS 
LOW. NOTE: THE IMPLIED EXCLUSIVE OR* :+: * MUST BE PLACED BETWEEN 

THE FOURTH AND FIFTH PRODUCT TERMS. 


INPUTS ! OUTPUTS 


! CLEAR 

1 

12 

11 

10 

LID 

RIO ! 

CLOCK 

LIO ! 

A3 A£ A1 A0 ! 

RIO 

OPERATION ! 

! L 

1 

L 

L 

L 

X 

X ! 

L-H 

z ; 

A3 A£ A1 A0 ! 

2 

NOP ! 

! L 

1 

L 

L 

H 

X 

X ! 

L-H 

Z ! 

B3 Be' B1 B0 ! 

z 

LOAD B ! 

! L 

a 

L 

H 

L 

RI 

z s 

L-H 

Z ! 

RI A3 A£ A1 ! 

A1 

SHIFT RT ! 

! L 

i 

L 

H 

H 

X 

X ! 

L-H 

z S 

ALL HIGH ! 

z 

SET ! 

! L 

i 

H 

L 

L 

Z 

LI ! 

L-H 

A£ • 

A£ A1 A0 LI ! 

z 

SHIFT LT ! 

! L 

i 

H 

L 

H 

Z 

X • 

L-H 

L ! 

ALL HIGH ! 

z 

SET ! 

! L 

i 

H 

H 

L 

z 

CIN ! 

L-H 

COUT! 

A PLUS ONE ! 

z 

INC IF CIN! 

! L 

i 

H 

H 

H 

z 

BIN ! 

L-H 

BOUT! 

A MINUS ONE ! 


DEC IF BIN! 

! H 

i 

X 

X 

X 

X 

X ! 

L-H 

Z ! 

ALL LOW ! 

2 

CLEAR ! 


Four-Bit Up/Down Counter with Shift and TRI-STATE (R) Outputs, Design Specification. 
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PAL16X4 Four-Bit Up/Down Counter with Shift 
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ALU ACCUMULATOR 


Design Specification PAL16A4 


PAL 1 GA4 
PAT (i u£t. 

ALU ACCUMULATOR 


F'hL DESIGN 


spec ification 


CL DCF 

Id 11 DO Bl BE F3 IE I 

L-.HD E L I O P A3 HE Hi A0 '3 CIN VCC 


A 0 : = 

I 3* IE* 11*1 0* ■ Alt. EC' . 
I 3* IE* I 1* 1 0* ■ I:d . : + : 
I I E*I 1 ♦ I 0* C I N : + 

B0' + 13* IE* 11*10*' A0' * 13* I£*I1* I0*c 

I 3 ♦ 1 E ♦ 1 1 ♦ I 0 ♦ • A 0 ♦ •- 1: 0 > * 

I 3* I E* 1 1 * I 0* < -A 1 ) + 13*' A0> + CARRY 0 

-BO) + 

Ml : = 

I 3* IE* 11*1 0* . A1 . EC. 
I 3* IE* 11* I 0* 'FI : + : 
I 3* I E* I 1*1 0* ■ hi)' + 

FI ' + I 3* IE*- 1 1*1 0* C A1> + - I S* IE* 1 1*- I 0*<. 

I 3* IE* 11*1 0* ■ A 1 ♦ F 1 > + 

I 2* IE* 1 1*1 0* AE > + I 3* ' A 1 > + CARRY 1 

-PD' + 

He' : = 

I 3* IE* I 1* I 0* 'HE. EC. 
I 3* IE* I 1 I 0* ■ BE) : + : 
I 3* IE* I 1* 1 0* •: Al< + 

BE.' + I 3* IE* 1 1*1 0* • ■ AE> + I 3* I E* 1 1 ♦/ I 0* < 
I 3* IE* 11*1 0* • 'AS*.- BE) + 

I 3 ♦ I E ♦ 1 1*1 0* ■ A3 • + I 3* O-AE) + CARRYE 

/BE) + 

A 3 : = 

I 3* IE* I 1* I 0* ■ A 3 . EC. 
I 3* IE* I 1 ♦ I 0* >: B3.> : + : 
I 3 ♦ I E ♦ 1 1 ♦ I 0 ♦ < ■■ A E )• + 

B3 • + 13* IE* 11*10*': A3 ' + I S*- IE* 1 1* ' 1 0* 

l 3* I £♦•••• 11*1 0* "AS*- B3) + 

I 3* IE* 1 1*1 0* L I O * 1 3* e-'AS) + CARRY3 

■BS) + 

IF 'VCC 

1 6 = 13* IE* I 1*1 0 ♦ 

1 3* I E* 1 1*. I 0 ♦ 
13* IE* I 1 */I 0 ♦ 
13* I E ♦ I 1 ♦ I 0 ♦ 

• AS*BS • + 

■ AS* B3 > ♦ •: A£*B£> * 

■ A3+B3 ' ♦ 1 AE + FE ■ ♦ ■ A 1 ♦ B 1 ) * 

' AS* PS :• ♦ ■ AE+BE' ♦ 'Al+Bl > ♦ ■: A0*E0) 


IF •: VC C 

) P = 13* IE*- 11* 10 ♦ 

13* IE* 11*10 ♦ 

I 3* IE* I 1*.- I 0 ♦ 

I 3* IE* I 1*10 ♦ 

I 3* IE* 11*10 ♦ 

I 3* IE* I 1 ♦ I 0 ♦ 

I 3* IE* I 1*10 ♦ 

• AS+FS 1 ♦ • AE+BE)' ♦ 'Al+Bl ) ♦ ' A0+B0) + 

C- AS)' ♦ 1 AE)' ♦ ■ A 1 > ♦ Oft 0) + 

■- - BS ■ ♦ •: - BE)' ♦ •)-■• 1: 1 > ♦ •)--' B 0> + 

< A 3 + - F 3 1 ♦ - A E + BE ) ♦ A 1 + -■ B 1 > ♦ / A 0 + -- B 0 > + 

■ A3* BS > ♦ C- AE*- BE)' ♦ C ' A 1 ♦- B 1 )• ♦ A0*-- B0) + 

■ - A E > ♦ • ) A D* ♦ ') - A 0 > ♦ C IN + 

LID* < A 3 > ♦ ' AE) ♦ C- A 1 ) 



IP ■ I 3* IE* I 1 ♦ I 0 • LID = < - A3' 


IF ■: 

I 3* I E* I 1*1 0 > 

C IN 

= • A 0 ■ 



NOTE 

.5 CAPRYO = 

-■ I 3*-" 

IE* - 1 1*- I 0 

♦ 

C IN 


CARRY 1 = 

I 3*-" 

IE* 11*-' 10 

♦ 

' A0*B0:' + 



I 3*.-' 

IE* 11 ♦••10 

♦ 

■AO+FO) *C I N 


CARRY'S = 

-■ I 3* 

IE* II*.- I 0 

♦ 

1 ft 1 ♦ B 1 > + 



IS* 

IS* 1 1 ♦- I 0 

♦ 

•:ftl+Bl) ♦ ' A0*B0> + 



I S*.-" 

IE* 11*- 10 

♦ 

•A 1 + B 1 • ♦ <A 0+B 0) *C I N 


C'ft PRY'S - 

IS*-- 

IE*-" 11*- 10 

♦ 

' AE'*BE) + 



IS*-- 

IE* 1 1 *-"10 

♦ 

• AE+BE) ♦ ')A1 ♦Bl) + 



I 3* 

IE* 1 1*- 10 

♦ 

■ AE+BE) ♦ ' Al+Bl) ♦ <A0*B0) + 



I 3*.-" 

IE* 1 1 I 0 

♦ 

') AE+BE) ♦ 'Al+Bl) ♦ <ftO+EO) *CIN 

he sc 

PI FT ION: 





THE 

ALU ACCUMULATOR 

LOAD 

S THE A-PEG 

IS 

TER MI TH DNE OF EIGHT OPERANDS 

THE 

RISING EDGE OF 

THE C 

LOCK . G AND 

p 

OUTPUT GENERATE AND PROPAGATE 


□N THE ADD INSTRUCT I DM. P OUTPUTS OP = ZERO ON INSTRUCTIONS 1>2»3>5»6>7. 


1 



input: 




OUTPUTS 



OPERATION 

• 

a 

a 

• 

IS 

IE 

I 1 

10 ! 

L 10 

CIN 

L I 0 

AS AE A 1 AO ! 

C 1 N 



L 

L 
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L ! 


L 

z 

A PLUS B ! 

. 2 

ADD 

ft:=ft PLUS B 

a 


L 

L 

L 

L ! 


H 

z 

ft PL B PL 1 ! 

£ 

ADD 

A: =APLUSBPLUS 1 

a 


L 

L 

L 

H ! 



z 

AS AE Hi AO ! 

z 

NOP 

A: =ft 

i 


L 

L 

H 

L ! 



z 

BS BE Bl BO ! 

2 

LOAD 

A: =B 

a 


L 

L 

H 

H ! 



2 

A AND B ! 

z 

AND 

A: =A*B 

a 


L 

H 

L 

L ! 



z 

BS BE- Bl- BO ! 

z 

LOADC 

ONP A: =■•■' B 

a 


L 

H 

L 

H ! 



z 

A OR E ! 

2 

OR 

A: =A+B 

a 


L 

H 

H 

L ! 


LI 

AE 

AS ftl AO LI ! 

z 

SHIFT 

LEFT 
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L 

H 

H 

H ! 

R I 


z 

RI AS HE Hi ! 

A 1 

. SHIFT 
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X 1 
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AS AE ftl AO ! 
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NOP 
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ALU Accumulator, Design Specification. 
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Physical Dimensions 







PACKAGES 

Duat-ln-Line Packages 

(N) Devices ordered with “N” suffix are supplied in plastic molded dual-in-line packages. Molding material is a highly 
reliable compound suitable for military as well as commercial temperature range applications. Lead material is copperor 
alloy 42 with a hot solder dipped surface to allow ease of solderability. 

(J) Devices ordered with the “J” suffix are supplied in a CERDIP package (ceramic lid and base sealed with high 
temperature vitreous glass). Lead material is solder dipped alloy 42. 

(D) Devices ordered with the “D” suffix are supplied in side brazed, multi-layer, ceramic dual-in-line packages. The leads are 

Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated. 

(Q) Devices ordered with the “Q” suffix are supplied in either a “D" or “J” package, but with a UV window. 

Metal Can Packages 

(H) Devices ordered with the “H” suffix are supplied in a metal can package. The cap is nickel finish and the leads are gold- 
plated Kovar. Gold free construction using epoxy D/A is also available, with a tin-plated finish. 

Flat Packages 

(F) Devices ordered with the “F” suffix are supplied in a multi-layer, ceramic bottom brazed flat package. The lid is plated 
alloy 42, and leads are gold-plated, tin-plated, or solder-plated alloy 42 or Kovar. 

<W) Devices ordered with the “W” suffix are supplied in a low-temperature ceramic flat package. 





National 

Semiconductor 


All dimensions are In Inches (millimeters) 


D16A package Is replaced by D16C package. 



(4.191) 

0.020-0.060 
C (0.508-1.524) 


0.008-0.015 0-005 

"(0.203-0.3811 (0.127) 

MIN 


0-290-0 320 
(7.366-8.128) 


0.015-0.023 || 

(0.381-0.584) 
0.100 10.010 
“(2.540 ±0.254) 
(0.100/(2.540) BSC 
TYBRELTO LEADS 
1 ANDIE) 


0.125-0.200 

(3.175-5.080) 


NS Package D16C 
16- Lead Cavity DIP (D) 








Physical Dimensions 








G12C package is replaced by H12C package. 




NS Package H08C 
8-Lead TO-5 Metal Can Package (H) 



NS Package H10C 
10-Lead TO-5 Metal Can Package (H) 
(Low Profile) 



NS Package H12C 

12-Lead TO-8 Metal Can Package (H) 






Physical Dimensions 


0.1125 

( 0 . 635 ) 




NS Package J08A 
8-Lead Cavity DIP (J) 



LJ UJ'lil LlI L*J LtJ LiJ 



NS Package J14A 
14-Lead Cavity DIP (J) 



NS Package J16A 
16-Lead Cavity DIP(J) 
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Physical Dimensions 






Physical Dii 


c 

o 

■am 

</> 

c 

<D 

E 



J24C package is replaced by J24A package. 



NS Package J24E 
24-Lead Cavity DIP (J) 
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Physical Dimensions 


N08A package Is replaced by N08E package. 



NS Package N08E 
8-Lead Molded DIP (N) 



NS Package N14A 
14-Lead Molded DIP(N) 


A-10 






0.870 



16-Lead Molded DIP (N) 
(N16E may be substituted) 



16-Lead Molded DIP (N) 
(Substitute for N16A) 


0.870 



18-Lead Molded DIP (N) 
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Physical Dimensions 












Physical Dimensions 



A-12 







1.270 



N2«C<REV C) 


NS Package N24C 
24-Lead Molded DIP (N) 


N28A package Is replaced by N28B package. 
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Physical Dimensions 



Physical Dimensions 
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Physical Dimensions 
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